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1 Executive Summary

Increasing the energy efficiency of the building stock is an important component of the shift
toward a more sustainable energy system. There is a significant potential for abatement of
CO, emissions through uptake of energy efficiency measures. These include thermal
insulation measures which reduce the heating demand, electrical appliances that reduce
the electricity consumption and replacement of existing heating and lighting equipment
with more efficient technology, often driven by regulations. As well as reducing the level of
aggregate emissions, energy efficiency measures can reduce the cost of energy,
potentially offsetting any increases required to reduce the carbon intensity of fuel supply.
Efficiency measures are often amongst the most cost effective means of carbon reduction.

This study aims to review and update the evidence base on the remaining technical
potential for the installation of energy efficiency measures, based on the previous
Committee on Climate Change (CCC) work issued in 2011. The energy savings achieved
from these measures have been calculated for a range of UK house types using the
Standard Assessment Procedure (SAP) calculation methodology for domestic sector. The
revised potential and energy savings across the stock are used to generate the marginal
abatement cost curves for all measures.

1.1 Key Findings

1.1.1 Technical potential for emission savings

The remaining technical potential in 2013 and the energy savings attributed to each
measure result in a total potential for annual emission savings of around 49Mt (without the
inclusion of in use factors). These savings take into account any potential overlap between
the impact of measures when applied together e.g. boiler replacement reduces the
potential for savings from other thermal fabric measures. It should be noted that these
savings do not take into account uptake of low carbon heating technologies such as heat
pumps (HP) and combined heat and power (CHP) systems, i.e. these savings are not
additional to the emission reduction from a shift of heating technology towards HP and
CHP. With a significant uptake of low carbon heating solutions, the potential for additional
savings from energy efficiency measures is further reduced.

The technical potential for measwrsed fractlirs aimalcyhs
are designed to reflect recent evidence on the shortfall of real life savings achieved by
measures compared to modelled values. I n general, t

by DECC for Green Deal calculations have been used. It should be noted that there is a
lack of evidence regarding the in use performance of a wide range of measures and
further evidence will be required before it is possible to assess whether the DECC in-use
factors applied here accurately reflect the difference between real energy savings and
theoretical calculations or whether they are too conservative.

1.1.2 Revisions to cost effectiveness of measures

The revised MACC outputs also show some significant changes to the cost effectiveness
(EItCOy) relative to the previous CCC MACC model. The most notable difference is for
solid wall insulation (SWI), which has a cost effectiveness of £79/t and £361/t for internal
and external insulation respectively compared to £9/t in the previous MACC model. This is
due to a higher cost of installation and lower energy savings from an overall improvement
in stock boiler efficiency. The cost for SWI in the previous MACC model were £6200,
however the revised cost evidence shows that these costs vary between £8,500 - £12,000
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and £4,000 - £10,500 for external and internal SWI respectively. The energy savings from
SWI were previously identified as 9,440kWh /year however with the revised modelling
across UK stock, taking into account improved boiler efficiencies, results in weighted
average savings of 6,700kWh /year and 6,000kWh /year for external and internal SWI
respectively. Costs data in this analysis is based on current market prices where available
As such, these prices generally do not take into account potential cost reductions from
bulk installations, cost reductions over time etc.

1.1.3 Cost effective measures with good potential for emissions
savings

The major cost effective energy efficiency measures include cavity wall insulation (CWI,
easy to treat and hard to treat with cavity insulation) and loft insulation (easy to treat
50mm-199mm). The biggest potential for emission savings is represented by SWI (internal
and external) and new double glazing (from pre 2002 double glazing) which have
combined savings of around 14Mt (28% of total).

1.2 Measure performance and cost effectiveness across the UK
stock

The graphs below show:

1. The technical potential for annual emission savings (Mt) with and without inclusion
of the in use factors

2. The annualised cost, fuel savings (£), net cost and annual emission savings (t) for
each measure weighted across its total stock

3. Marginal abatement cost curve for all measures without any in use factors
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= Turn off lights

u A++ rated upright freezer

u A++ rated Refrigerator

H A+ rated dishwasher

= Condensing boiler

® Reduced flow showers

= CWI - Easy to treat

® Draught proofing

u Loft (125-199 mm)

® Reduced infiltration
CWI - Hard to treat with SWI-1
CWI - low impact
Smart meters -gas
Loft (50-124 mm) - Hard to treat
Pre 2002 double to double glazing
Post 2002 double to double glazing

10000

u A+ electric ovens

u A++ rated Chest freezer

u Secondary TV

= A++ washing machine

® HW tank insulation from none

u1 deg. C decrease

u Loft (50-124 mm)

u Heating controls - TRV only

® PFGHR with new boiler
Heating controls - Full
Heating controls - timer + TRV
A rated tumble dryer
Smart meters - electricity
CWI - Hard to treat with SWI-E
PFGHR only

uGLS to CFL
u A++ rated Fridge freezer
= Primary TV
= Halogen to LED
= HW tank insulation from jacket
= HW tank insulation from foam
Suspended timber floor
CWI - Hard to treat with CWI
HW cylinder thermostat
SWI -1
Solid floor
Single to double glazing
SWI -E
Insulated doors
Loft (125-199 mm)- Hard to treat

20000 30000

Annual savings (kt CO,)

40000

Figure 3 MACC based on total potential without in use factors (overlapping savings

removed)
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Table 1 Measure technical potential for savings and cost effectiveness without in
use factors (overlapping savings removed)

Total annual savings of

Measure UK stock (kt CO) Cost effectiveness (£/t CO,)
Turn off lights 134 -£381
A+ electric ovens 295 -£357
GLS to CFL 313 -£356
A++ rated upright freezer 400 -£350
A++ rated Chest freezer 195 -£350
A++ rated Fridge freezer 1,290 -£348
A++ rated Refrigerator 308 -£344
Secondary TV 492 -£331
Primary TV 1,516 -£322
A+ rated dishwasher 252 -£294
A+++ washing machine 565 -£294
Halogen to LED 1,218 -£253
Condensing boiler 777 -£206
HW tank insulation from none 16 -£184
HW tank insulation from jacket 458 -£175
Reduced flow showers 1,170 -£172
1 deg. C decrease 1,180 -£165
HW tank insulation from foam 77 -£163
CWI - Easy to treat 1,441 -£136
Loft (50-124 mm) 1,023 -£97
Suspended timber floor 1,012 -£93
Draught proofing 216 -£50
Heating controls - TRV only 718 -£31
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CWI - Hard to treat with CWI 1,829 -£30
Loft (125-199 mm) 263 -£24
PFGHR with new boiler 6,001 -£9
HW cylinder thermostat 383 -£5
Reduced infiltration 2,377 £16
Heating controls - Full 381 £37
SWI -1 6,195 £79
CWI - Hard to treat with SWI-I 120 £89
Heating controls - timer + TRV 18 £118
Solid floor 3,091 £121
CWI - low impact 62 £151
A rated tumble dryer 390 £166
Single to double glazing 1,176 £202
Smart meters - gas 841 £294
Smart meters - electricity 654 £319
SWI - E 3,185 £361
Loft (50-124 mm) - Hard to treat 33 £406
CWI - Hard to treat with SWI-E 437 £550
Insulated doors 547 £617
Pre 2002 double to double glazing 4,407 £777
PFGHR only 520 £1,043
Loft (125-199 mm)- Hard to treat 8 £1,101
Post 2002 double to double glazing 510 £3,886
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2 Introduction

2.1 Overview

In light of recent evidence on the variation in the installation costs of energy efficiency
measures and the actual (rather than modelled) performance of measures the Committee
on Climate Change (CCC) wishes to update its earlier work on Marginal Abatement Cost
Curves (MACCs) for the residential energy sector. The steps involved in generating the
revised MACCs presented in this study were as follows:

1. Review of the technical potential (total installations) for deployment

2. Review of the energy and carbon savings (i.e. technical) potential, noting the issue
of overstating savings

3. Updating measure installation costs

4. Calculation of the cost effectiveness (£/t CO,) of each measure to generate MACC
outputs

The report is structured into the following sections:
Methodology for energy modelling

This section provides details around the energy calculation methodology (SAP) and the
segmentation of the UK housing stock that has been applied in order to derive the detailed
breakdown of energy savings delivered by the installation of each measure across
different house types.

Measure performance

This section provides details on the performance improvement delivered by the installation
of each of the measures.

Technical potential for energy efficiency measures

This section provides details on the remaining potential for application of each of the
measures and how this potential is distributed across the UK housing stock.

In use factors

This section looks at the recent evidence on the underperformance of the measures i.e.
the discrepancy between the observed energy savings and those predicted by energy
modelling. These reduced savings are a result of consumer behaviour (e.g. comfort-
taking), quality of installation and the assumptions around the specification before the
installation of the measure.

Measure cost

This section provides a detailed breakdown of the cost of installation of the measures. The
cost consists of a fixed and variable component.

The Marginal Abatement Cost Curves (MACC)

This section combines the cost and performance data for each measure to calculate its
cost effectiveness (£/t) in delivering emission savings. This allows the MACC to be
generated with and without the inclusion of in use factors.
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2.2 Methodology

A comprehensive and updated dataset on the fixed and variable cost of residential energy

efficiency measure installation has been prepared. These costs, along with data on the

attributes of the UK6és domestic building stock (wal
areas etc.), can be used to assess the cost of installing these measures in individual

house types and the total costs associated with application across the UK housing stock

as a whol e. El ement Ener gy o $hasibeensusedto caEulater gy Mo d e | (
the energy savings associated with these measures when applied to the various house

types within the stock.

The measure installation costs, lifetime fuel and emission savings are then aggregated
across the stock for each measure, enabling a calculation of its cost effectiveness (e.g.
£/tCO,). The cost-effectiveness of the measure and the emissions reduction it can deliver
when applied across the stock can then be used to generate the Marginal Abatement Cost
Curve (MACC).

The process used to derive the residential energy efficiency MACC is shown in the
schematic below.

Installation fixed and
variable cost by measure

Cost of installation by Total cost of measure Cost effectiveness
measure and house type across UK stock (£/t CO,) of measure

Technical potential by
measure and house type

House attributes
and dimensions

Total lifetime fuel (£)

Total energy savings of and emission (tCO,)

measure across UK stock savings of measure
across UK stock

Energy savings
per measure per
house type

Housing Energy
Model

Fuel cost and
CO, content

Figure 4 Schematic for calculating MACC

2.3 Measures included in the MACC

The MACC output for the residential sector is generated for thermal measures, energy
efficient electrical appliances and behavioural changes. The measures included within the

! The Housing Energy Model contains a representation of the UK housing stock based on

a set of house archetypes (the 6édhouse typesd) that
English Housing Condition Survey (see Section 3.2 for a description of the house types).

The model calculates the energy consumption of each house type using a calculation

methodology based on the Standard Assessment Procedure (SAP).
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MACC were initially selected on the basis of consistency with the previous MACC model
developed by the CCC. The list of measures was further refined, in consultation with the
CCC and on the basis of availability of good quality data on technical availability. The
potential for low carbon heating technologies has not been included in the MACC after
consultation with CCC. It is important to note that there will be some overlap between the
energy and carbon savings included within this MACC with the savings that could be
delivered by the uptake of low carbon heating technologies. The measures covered in the
review are summarised in the table below:

Table 2 List of measures covered in residential sector

Thermal measures Appliances Behavioural changes
Solid wall insulation (swiy | mcandescent light bulliGL3
internal / external to compact fluorescent light 1 degee C decrease
(CF)
Cavity wall insulation (CWI) Halogz?otggg(lr_ltEeDmitting Turn off lights
Loft insulation A++ ratedchest freezer Smart meters- electricity
Suspended timber floor A++ ratedfridge freezer Smart meters- gas
Solid floor A++ ratedrefrigerator
Double glazing A++ rated upright freezer
Insulated doors A+++ washing machine
Draught proofing A rated tumble dryer
Reduced infiltration A+ rated dishwasher
Condensing boiler A+ electric ovens
Heating controls Primary TV
Hot water cylinder thermostat Secondary TV
Hot water tank insulation Reducedlow showers
Passive flue gas heat recover

In order to quantify the carbon saving that could be delivered by applying these measures
to the housing stock, the remaining potential for each measure needs to be determined
(i.e. the number of homes that the measure can be applied to). For certain measures, the
level of improvement varies depending on what is present in the house initially. For
example the heating controls measure could involve installation of a complete package of
heating controls (e.g. thermostat, timer control and TRV) or could involve installation of
TRVs only in a home that already has a thermostat and timer control. In these cases the
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remaining potential of the measure has been further sub-divided into the potential for

different levels of upgrade, within the constraints of available data. This is described in
detail in Section 5.
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3 Methodology for energy modelling

3.1 Overview

El ement Energyds Housing Energy Model ( HEM)

savings from the application of the thermal measures. The HEM contains a representation

of the UK housing stock based on a set of

house types, based on data on the UK housing stock is described below. The HEM
calculates the annual heating (space and hot water) and regulated electricity (lighting, fans
and pumps) demand for each individual house type in the UK stock segmentation using
the SAP calculation methodology.

3.2 HEM stock breakdown

The housing stock within HEM is based on a statistical analysis of the English Housing
Survey (EHS) to accurately represent the wide variety of different homes in Great Britain.
Through a series of trend analyses, the wide variety of variables available in the EHS are
filtered to a small set of parameters, allowing the model to distinguish between different
house types, whilst maintaining enough granularity to examine trends in different tenure /
age / size / heating fuel / wall construction categories.

The final breakdown of the existing GB housing stock used the following distinguishing
parameters:

1. Tenure: Owner occupied, private landlord and social
2. Age: Pre-1919, 1919 to 1980 and post-1980

3. Size: Small (flats), medium (bungalows and terraced housing), large (semi and
detached housing)

4. Fuel type: Gas, oil, electric, community heating

5. Wall construction: cavity filled, cavity unfilled and solid walls

6. Level of energy efficiency: 6Good6 and

Thevariabl es included in the Oddeogladingbheaimgr 6

controls (including Thermostatic Radiator Valves (TRVSs), room thermostats and central
timers) and hot water cylinder insulation thickness. Using an age and tenure
categorisation, the percentage of each category with the energy efficiency measures of

has

b e

di stinct

6Poor 6

6Goodb6 house type is calculated.
Table3Di stingui shing properties between 6Goodb©d
0Goodd homes OPoor &6 homes
Double glazing Single glazing
Heat controls present No heating controls (5% less efficient boiler)
Foam hot water cylinder insulation Jacket hot water cylinder insulation

categori

and
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3.3 SAP calculation

The SAP methodology is applied to calculate the annual heating (space and hot water)
and regulated electricity (i.e. without consumer appliances) demand for each individual
house type before and after the application of the measure. This gives the detailed
breakdown of the energy saving delivered by each measure across the stock
segmentation (i.e. the energy saving by measure for each house type that the measure is
applicable to).

3.4 Mapping of energy saving onto the technical potential for
measures

The technical potential for the installation of each measure is the number of homes that
have potential for the measure to be installed (i.e. excluding homes that have already had
the measure installed or that are not suitable for the measure). The technical potential has
also been disaggregated across a range of house types based on a segmentation of the
UK stock. The stock segmentation used to characterise the potential for installation of
measures consist of 135 individual house types, based on the following parameters:

1. 3tenure types: owner occupied, private landlord and social housing

2. 3 sizes: small (flats), medium (bungalows and terraced housing), large (semi and
detached housing)

3. 5fuel types: gas, oil, electric, coal and community heating

4. 3 wall construction types: cavity filled, cavity unfilled and solid walls

This gives a detailed stock segmentation to identify the technical potential of the measures
across UK stock. However, due to availability of data, the stock segmentation used to
describe the technical potential is based on a reduced set of attributes compared to the
more granular stock segmentation used in the HEM. The result of this is that for each
house type in the technical potential stock segmentation, there are multiple house types in
the HEM with matching attributes of tenure, age, size and fuel (but that are further
differentiated by age and good/poor condition). The energy saving associated with each
measure for each house type identified within the HEM has been mapped onto the house
types used for defining the remaining potential by deriving weighted averages across
house types with matching attributes. This results in measure energy savings for each of
the house types with a defined technical potential.

The process of mapping energy savings calculated by the HEM onto the stock
segmentation used to define the technical potential for the application of measures is
illustrated graphically below.
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HEM UK stock
segmentation

UK stock segmentation
for measure potential

Tenure

Tenure

Mapping attributes

Size

Size

+ +€+‘
[}

+ +<€+‘
@

Fuel

Fuel

Savings weighted based on
stock split by age and condition

-

’

1
1
........... e e ——————————
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1
]
1
| Good || Poor| | Good || Poor| | Good || Poor| i
1
’

Figure 5 Methodology for generating measure savings across UK stock

3.5 Final UK stock segmentation in MACC model

The MACC model contains the latest UK housing segmentation data, used to identify the
technical potential for measures, to define the stock breakdown. This results in the
following stock breakdown by attributes:

80%
70%
60%
50%
40%
30%
20%
10%

0%

UK stock breakdown by tenure

67%

Owner occupied Social housing Private landlord
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UK stock breakdown by fuel
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60% 4

40% 4

20%

970

1% 1%

0%
Gas

Electricity

CWH Coal

UK stock breakdown by size

50%

44%

40%

30%

20%

10% -

0% -

Small

Medium

Large

UK stock breakdown by wall type

60%

51%

50%

40%

30%
20% -
10% -

0% -

SWi

CWiI
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Figure 6 UK stock segmentation for measure potential
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4 Measure performance

4.1 Overview

In order to calculate the energy savings associated with application of each of the
measures, technical specifications are required for the improvement in the performance of
the relevant components of the house, e.g. the fabric U-values, boiler efficiency etc.. The
technical specification and performance of all thermal and electrical appliance measures
has been updated based on the latest building regulations, data on appliances in the stock
and on the highest energy rated products on the market. These specifications allow the
energy demand before and after the installation of measure to be calculated, resulting in

the calculation of the model

led savings.

4.2 Technical specifications of the measures

The detailed breakdown of the performance of the measures is shown in the table below.
The performance of some of the measures differ based on age, size and loft thickness.

Table 4 Detailed technical specifications of thermal measures and appliances

Measure Parameter :
Baseline | Measure
Post 1980 0.500 0.300
SWI internal/external 1919-1980 1.822 0.300
Pre 1919 2.200 0.300
Post 1980 0.464 0.360
CWI low impact 1919-1980 0.464 0.360
Pre 1919 0.464 0.360
Post 1980 0.508 0.508
CWI high impact 1919-1980 1.683 0.547
Pre 1919 2.149 0.556
0-50 mm 1.70 0.150
Loft insulation 51-125 mm 0.434 0.150
126-200 mm U value (W/m°K) 0.270 0.150
Post 1980 0.45 0.22
1919-1980 (Large) 0.76 0.22
1919-1980 (Medium) 0.53 0.22
Solid / suspended timber 1919-1980 (Small) 0.45 0.22
Pre 1919 (Large) 0.68 0.22
Pre 1919 (Medium) 0.52 0.22
Pre 1919 (Small) 0.44 0.22
From single 4.8 1.6
Double glazing From pre 2002 double 3.1 1.6
From post 2002 double 2 1.6
Insulated doors 3 1.8
. Fraction of
Draught proofing windows / doors 0% 100%
Reduced infiltration m°/m°hr 8-18 7
. . Gas . 75% 88%
Condensing boiler ol Efficiency 84% 88%
Thermostat+ timer +TRV Control type / 1/+0.6C 2/+0.0C
Heating controls Timer +TRV Temperature 1/+0.0C 2/+0.0C
TRV only variation 1/+0.0C 2/+0.0C
Large 500
Hot water cylinder thermostat Medium kWh reduction 590
Small 570
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Hot water cylinder jacket O [ 7] 0 Eo
insuylation J Jacket insulation Thickness (mm) 24 80
Foam insulation 15 80
. Condensing boiler . 88% 91%
Passive flue gas heat recovery Non condensing gas boiler Efficiency 7506 91%
1 degree decrease Ttae rr%%:rn;teurpeal 18C 17C
Electricity Reduction 83%
ClLe o ClFL Heating Gain 60%
Electricity Reduction 7%
FEREED @ HED Heating Gain 55%
Turning off lights Reduction 10%
— 0
Smart meter Eleét;gzlty Reduction igég
A++ rated Chest freezer 178/101
A++ rated Fridge freezer 265 /150
A++ rated Refrigerator 116/ 66
A++ rated upright freezer Electricity kWh 182 /103
A+++ washing machine reduction 70/2
A rated tumble dryer / 85/2
A+ rated dishwasher Heating kWh 67/2
A+ electric ovens gain 66 / 40
Primary TV 220/132
Secondary TV 54 /32
Reduced flow showers 0/-968

The specific data sources used to determine the technical specification of each of the

measures are referenced in the table below.

Table 5 Reference for specification of measures before and after installation

Reference

Measure
Baseline

With measure

Post 1980: Average of ages2 Gto
J for top three solid wall
constructions

1919-1980: Average of ages C to
SWI F and half of B for three top solid
wall constructions

Pre 1919: Average of ages A and
B for top three solid wall
constructions

As in Building Regulations Part L1B
- Existing dwellings (2010)

From In-built 2012 DECC report,

CWI'i low impact
same for all ages

From In-built 2012 DECC report,
same for all ages

CWI T high impact Based on values calibrated from
the initial U-values available in

Weighted average of low cost
(39%) and high cost (61%) high

2 SAP age band: A (pre 1900), B (1900-1929), B (1900-1929), C (1930-1949), D (1950-
1966), E (1967-1975), F (1976-1982), G (1983-1990), H (1991-1995), | (1996-2002), J

(2003-2006)
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SAP corresponding to the whole
CWU stock (Post 1980: 0.5; 1919-
1980: 1.467; Pre-1919: 1.85), the
initial U-values for low impact
CWU, and the stock
corresponding to low impact
(18%) and high impact (82%)
cavity walls

impact CWU

Breakdown of low cost high impact
by age is:

Post 1980: Average of ages G, H, |
and J for filled cavity'

1919-1980: Average of ages C, D,
E, F and half of age B for *filled
cavity' row

Pre 1919: Average for age A and
half of age B in the ‘filled cavity' row

High cost high impact is derived
from In-build 2012 DECC report,
same for all ages

Loft insulation

Based on the initial average
thickness of loft insulation

Solid / suspended
timber

Door insulation

Solid floor

Based on standard SAP values

As in Building Regulations Part L1B
- Existing dwellings (2010)

Reduced infiltration

Based on standard SAP values

Energy Saving Trust (2005) GPG
224 Improving airtightness in
dwellings

Condensing boiler

Heating and Hot water Industry
Council

SEDBUK 2009

Heating controls

Based on standard SAP values

Hot water cylinder
thermostat

BREDEM modelling 2009

Hot water cylinder
insulation

Average thickness across the
stock

Standard jacket insulation

Passive flue gas heat
recovery

Vaillant recoFLUE

1 degree decrease

Based on standard SAP values

GLS to CFL

Halogen to LED

Domestic Lighting Government Standards Evidence Base 2009

Turning off lights

Environmental Change Unit, University of Oxford, 1997
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Smart meter

Smart meter roll-out for the non-domestic sector (GB) i Impact

Assessment, DECC 2012

A++ rated chest
freezer

A++ rated fridge
freezer

A++ rated
refrigerator

A++ rated upright
freezer

A+++ washing
machine

A rated tumble dryer

A+ rated dishwasher

Primary TV

Secondary TV

EU energy label calculations for
appliances by energy band

EU energy label calculations for
A++ rated appliances and heat
replacement effects based on
Defrads Market
Programme

Reduced flow
showers

Defra (2009) Market Transformation Programme What if tool

4.3 Energy savings across the stock

The HEM provides a calculation of the energy saving associated with each of the thermal
measures that varies across the house types based on their size, tenure and fuel (to
reflect the efficiency of the counterfactual heating system). The savings form the electrical
appliances are based on the EU energy label calculations for appliances by energy band.
In parallel with the reduced electricity consumption, more efficient appliances also result in
an uplift in heating demand (i.e. negative heating fuel savings) due to lower internal gains.
The resulting average savings by measure, weighted based on the stock of different house
types (i.e. total stock energy savings divided by total identified potential), are shown in the

chart below:
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Figure 7 Breakdown of weighted average fossil fuel and electricity savings
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5 Technical potential for energy efficiency measures

5.1 Overview

The data on the technical potential for energy efficiency measures in the UK housing stock
was developed by the Energy Saving Trust (EST) by synthesising a variety of existing data
sources as outlined in the methodology statements below. Summary tables are provided at
the UK wide level for each measure type below. For the MACC and trajectory analysis, the
potential for each measure was calculated for each of the 135 housing archetypes
described in Section 3.2.

In calculating the potential for wall type, loft insulation, boiler type, glazing type, heating
controls, energy efficient doors, hot water cylinder thermostat and hot water cylinder
insulation, EST adopted an outline methodology based on that used by DECC in the
calculation of the Quarterly Insulation Potential (QIP) updates® as illustrated in Figure 5.
This methodology was chosen as it was deemed suitable and would better enable the
CCC to monitor progress reported in the (QIP) against the trajectories over time.

Estimates of home insulation levels in Great Britain

Delivery since April 2008

Building
Government Schemes* Regulations/

New Builds

Household Surveys April 2008

English Housing Living in Wales Scottish House
Survey Survey Condition Survey

Figure 8 DECC Methodology to calculate measure potential

The English Housing Survey (EHS) 2008, Scottish House Condition Survey (SHCS) 2008
and Living in Wales (LiW) survey 2008 were combined to create a master survey record
file of 21,907 survey records. The 2008 housing surveys were chosen instead of more
recent housing survey data available as:

® https://www.gov.uk/government/statistical-data-sets/estimates-of-home-insulation-levels-
in-great-britain
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A The surveys allow for a consistent dataset across all countries (the most recent
survey for Wales is 2008)

A There is good quality data on the level of installation activity Post 2008, therefore
using a 2008 baseline enables more 6
opposed to survey records

The Northern Ireland Housing Survey was not available at the address level for inclusion in
the UK survey dataset however summarised results from this study were available from
the Northern Ireland Housing Survey Report 2011. These results were added at a later
stage of the process.

In some cases the different housing surveys contain different categorisations of house
type and measure categories. Where this was the case these were mapped to the nearest
equivalent category to provide a common format. The classifications of the English
Housing Survey were used as that is the largest survey.

Differences to the DECC Quarterly Insulation Potential estimates

Although the methodology described by DECC was followed where possible, it should be
noted that in certain cases this methodology was deemed to be inaccurate or it was not
possible for EST to follow it completely
estimates of measure potential in the QIP. This difference is notable in the case of the split
between hard to treat and easy to treat cavity walls where the DECC methodology
appears to double count a number of hard to treat cavity wall figures, thereby over-
estimating the number of hard to treat cavity walls at the expense of easy to treat cavity
walls. Details are given in this report where these methods diverge and detailed
description of the differences between the DECC and EST estimates is provided in the
appendix.

5.1.1 Wall Insulation Potential

Figure 5 gives an overview of the methodology used by EST to calculate the current wall
types and insulation levels of the UK housing stock in 2013.

In order to calculate the total stock of the different categories of hard to treat cavity walls,
EST followed the definitions described in the Inbuilt 2012 report on hard to treat cavity
walls which was used as the source of the DECC estimates of hard to treat cavity wall
numbers. This methodology was based on extracting relevant data from the 2008 EHS,
SHCS and Living in Wales Surveys and is described in detail below.

The results of the wall type potentials analysis are provided in the table below:
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Wall type

Potential
(taking in to
account

Description Stock (%)

overlap
between
categories)

Solid walls Solid Wall (un-insulated)
7,194,436
Solid wall (insulated) 1%
209,000
Insulated Insulated cavities (+ 5% Pre 1990 Un-insulated) 48%
Cavities or 13,342,659
equivalent U- Insulated or equivalent (Post 1990) 5%
value 1,365,700
Empty cavities Standard cavities with Limited potential for 3%
with limited improvement 1980 - 1990 (easy to treat) 838,920
potential for Hard to treat cavities with Limited potential for 1%
improvement improvement (1980 7 1990) plus un-insulatable 369,881
timber frame dwellings with insulation between the
studwork
Standard Not insulated Easy to treat 6%
empty cavities 1,644,482
— 5
Total Hard to Treat cavities 2.924.923 10%
Hard to fill Hard to treat: Narrow 474 989 2%
empty cavities '
Hard to treat: Concrete frame 524 889 2%
Hard to treat Metal Frame 62 888 0%
Hard to treat Timber frame (un-insulated studwork 65.483 0%
with masonry cavity) '
Hard to treat: Wall fault 1.386.191 5%
Hard to treat: Too high (greater than 3 stories) 91.091 0%
Hard to treat: Exposed Location 199 953 1%
Hard to treat: Random stone 119 438 0%
Total 100%
27,890,000

Figure 9 Detailed breakdown of wall type potential

*A large number of hard to treat cavities in the GB Housing Surveys could fit in to two or
more of the above categories. Where a home could fit in to two or more categories, in
certain cases it was possible to assign a proportion of a property weighting to each. Where
this was not the case, a property was assigned to a unique category according to a
hierarchy which is outlined in the appendix.

The majority of homes (84% in the EHS) are constructed entirely using the same form of
wall. For properties with mixed wall types, on average there was a clearly identifiable
predominant wall type. On average, for these properties 75% of the wall area was
constructed with the same kind of wall. For this reason the predominant wall type in the
EHS, SCHS, LiW and NIHCSwas chosen as representative of

type.

Insulated + 5% uncertainty
This category includes all properties listed as insulated cavity in the housing survey plus
5% of all pre-1990 properties listed as un-insulated cavity walls. BRE suggest that the
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housing surveys may underestimate the number of insulated cavity walls by 57 10% due
to the difficulties in identifying retrofit and in-situ cavity wall insulation. Only the first 5% of
this uncertainty has been included here because a typical cause of surveyors not
identifying cavity wall insulation, cited by BRE, is where the insulation is built in to the
cavity wall rather than retrofitted in which case it is harder for a surveyor to identify the
insulation. The vast majority of these instances will be in post 1980 homes which are now
consi der ed s e msulatadtoeelgyu iivnaltehnet 66 and 61 i mited potenti a
was therefore assumed that 5% was sufficient to account for the non-identification of cavity
wall insulation by surveyors. The number of cavity wall installations post April 2007 was
sourced from the DECC QIP data. In addition, all new build dwellings post April 2008 were
added to this category, the numbers of which were sourced from the DECC QIP.

Insulated or equivalent

All properties constructed after 1990 are assumed to have a wall with a U value of 0.45 or
better. Any properties listed as having un-insulated cavity walls, or other wall types in this
age band have been classified as equivalent to an insulated wall. This category differs
from the DECC methodology in that DECC assume that all properties Post 1995 are
Insulated or Equivalent. However, the post 1995 age band is not in the EHS 2008 housing
survey and so it is unclear how DECC was able to apply this assumption. It was felt that
assuming all post 1990 cavities are insulated or equivalent was the closest equivalent
assumption that could be made.

Limited potential T easy to treat
This category includes all un-insulated cavities, which do not meet a definition of hard to
treat, constructed between 1981 7 1990 (1983 and 1990 in Scotland).

All cavities built between 1981 and 1990 (1983 and 1990 in Scotland) are assumed to
have a U-value of 0.6, whether the cavity is insulated or not. Although there will be
additional savings from insulating the cavity, these savings are small compared to pre
1980 properties.

In the DECC methodology, this category includes all cavities between 1983 and 1995.
Again, because this age band is not included in the EHS 2008 we are unclear how the
DECC figure was derived and using the 1981- 1990 age band was the nearest equivalent
assumption.

Limited potential 7 hard to treat

This category includes all timber frame properties with a masonry cavity where insulation
is included between the studwork but not in the cavity wall. In addition, this category
contains all other definitions of hard to treat cavity that sit within the 1981 7 1990 age band
(19831 1990 in Scotland) including narrow cavities, concrete frames, metal frames, timber
frames, random stone, too tall and exposed cavities. The DECC methodology also
includes partial fill cavity walls in this category. In the EST data these are included in the
Insulated cavity column as it is not possible to identify them from the EHS data.

Not insulated 7 easy to treat
All pre 1980 properties listed in the housing survey as having un-insulated cavity walls
minus all properties that meet the definitions of hard to treat cavities below.

Hard to treat i narrow cavity

All empty cavities 1920 7 1945 are assumed to have a 20% likelihood of having a cavity
narrower than 50mm. All un-insulated cavity walls constructed between 1945 and 1990 are
assumed to have a 5% likelihood of having a cavity narrower than 50mm. There is a large
overlap between properties identified as narrow cavity and properties listed as having wall
faults (approximately 120,000 dwellings according to the housing surveys). Where this
overlap occurs, narrow cavity was listed as the primary value.

Hard to treat concrete frame

All properties listed as being un-insulated with concrete construction, excluding in-situ
concrete and crosswall construction. A large number of concrete frame properties are also
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listed as being greater than 3 stories (approximately 150,000 according to the housing
surveys). Where this overlap occurs, Concrete frame was listed as the primary value.

Hard to treat i metal construction

All properties listed as being of metal construction with no insulation. There are a
significant number of properties with metal frames listed as being greater than 3 stories.
Where this overlap occurs, Metal frame was listed as the primary value.

Hard to treat 1 timber frame (un-insulated studwork plus a masonry cavity)
All pre 1980 properties listed as being of timber frame construction with a masonry cavity
and no evidence of having either insulated studwork or cavity.

Hard to treat i random stone

All non-urban non-flat properties in Scotland built before 1980 without solid walls but with
walls constructed from whin/granite or sandstone are classified as random stone
construction. 25% of English un-insulated masonry construction properties built before
1980 that are not in an urban location and identified as not having solid walls are assumed
to have random stone walls.

Hard to treat i exposed

DECC assume that 225,000 standard cavity walls are in exposed locations. This equates
to approximately 4% of all pre-1990 un-insulated standard cavity walls. Given that
exposure data is not available in the housing surveys it has been assumed that 4% of all
standard un-insulated cavities are in exposed locations.

Hard to treat 1 wall fault

Any pre 1980 properties with un-insulated cavity walls listed in the English or Welsh
surveys as having a wall fault, or any Scottish properties reported as requiring urgent
repair to the wall finish or having evidence of penetrating damp.

Hard to treat i too high

All pre 1980 properties listed as having un-insulated cavity walls and being greater than 3
stories in height. Properties in the Scottish housing survey are recorded as having 3
stories or more. It is assumed that 50% of these properties are more than 3 stories. Please
note that the DECC estimates of Hard to treat cavities 1 too high are based on a definition
of being greater than 4 stories in height. This is an older definition that does not reflect the
Ofgem definition of a hard to treat cavity under ECO. Therefore, in this analysis there is a
much larger number of properties listed as being too tall in the housing surveys, however,
a large number of these are also listed as being concrete or metal frame of having a wall
fault. Where this overlap occurs, the properties are listed as either concrete frame, metal
frame or wall fault rather than being listed as too high. Ignoring all of the overlaps, there
are approximately 419,000 properties listed as being too high in the GB housing surveys.

Internal vs External Wall Insulation potential

All properties listed as having solid walls in the housing surveys (solid brick, solid stone or
in-situ concrete without masonry pointing) are assumed to be suitable for either internal or
external solid wall insulation. In theory, any type of solid wall could be suitable for either
internal wall or external wall. To inform the MACC and uptake analysis undertaken by
Element Energy, it was necessary to develop estimates of the potential for internal wall
and external wall insulation. In this analysis we have assumed that all properties suitable
for solid wall insulation built before 1919 are suitable for internal wall insulation as opposed
to external wall insulation. This assumes that households in homes built before 1919
would be more inclined to install internal rather than external wall insulation so as to
preserve the outside appearance of the home. In reality this distinction is unlikely to be as
clear cut. Savings from internal and external wall insulation are similar as both measures
result in external walls having a similar U-value while the costs are higher for external
insulation.
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5.1.2 Loft insulation

The DECC Methodology outlined in Figure 5 was used to calculate loft insulation potential.
Using the combined GB housing surveys, homes were categorised as having one of four
loft insulation levels or no loft:

0-49mm

50 -124mm
125-199mm
200mm-+
No loft

SR o

This assumes that all types of roof insulation have the same insulation properties. Each of
these categories was further split into easy to treat and hard to treat lofts. DECC classify

al | hard to treat l ofts as 0 phadte miulate.Fort h at cont ai
example properties with a flat roof or very shallow pitch (to make the loft space
i naccessibleo. For this analysis all roofs classifi

mansard roof, chalet roof, flat roof or mono-pitch roof are classified as hard to treat. Flat
roofs by definition do not have a loft space; mansard roofs do have a roof space but it is
usually shallow and therefore difficult to access. Chalet roofs may have some roof space
that can be insulated however this level of detail is not reported in any of the housing
surveys. No properties built after 1990 are assumed to have hard to treat lofts, as it is
assumed that these dwellings have sufficient insulation in accordance with building
regulations.

Data on the number of loft insulation since April 2008 was taken from the DECC QIP. EST
was able to provide representative data of how these installations were applied across the
stock with data from the Homes Energy Efficiency Database (HEED).

In determining the proportion of loft insulation that was installed in to virgin lofts vs lofts
that only required top up insulation, EST was able to draw on CERT installations data in
HEED which contains information on the before and after levels of loft insulation for CERT
measures. This is only available for professionally installed loft insulation, not DIY
insulation. It should be noted that, even though the figures were available for professional
installation only, there were more installations reported in 0 T 50mm lofts than there were 0
i 50mm lofts available for insulation according to the combined GB 2008 housing surveys.
This highlights the inherent uncertainties in the survey based data. For this analysis, it was
assumed that the technical potential for 0 i 50mm lofts is now zero, although in practice it
is likely that a number do still exist.

The results of the loft insulation potential analysis are provided below:
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Loft type Thickness Potential  Stock (%)
0-49mm 0 0%
50-124mm 6,539,108 23%
Easy to treat lofts
125-199mm 3,780,099 14%
200mm+ 13,028,024 47%
0-49mm HTT 25,889 0%
50-124mm HTT 201,688 1%
Hard to treat lofts
125-199mm HTT 111,073 0%
200mm+ HTT 114,640 0%
No potential Non suitable for insulatiohNo loft 4,089,479 15%
Total 27,890,000 100%

These numbers are closely aligned with the DECC estimates of insulation potential for
April 2013 which are provided below.

Start of: Insulated Uncertainty Remaining potential Properties
>=125mm with a loft

Easy to treat | Hard to treat

Apr-2013 | 16,160,000 100,000 5,740,000 1,700,000 23,690,000

5.1.3 Floor insulation

Insulation for floors is split into two categories of suspended timber floor insulation and
solid floor insulation. It is assumed that no floors have been insulated since the 2008
housing surveys and that all new builds 2008 i 2013 have fully insulated floors. The
English Housing Survey contains data on floors that have insulation, however no data
exists in any of the housing surveys as to the construction type of the ground floor and for
this reason the age of the property was used as a proxy for the floor type. All homes built
before 1929 are assumed to have suspended timber floors whereas all built in subsequent
years are assumed to have solid floors. This follows the assumptions used in RASAP 2009
(See appendix S table S 11 of the SAP 2009 document)’. The proportion of floors
insulated in the EHS pre 1929 was taken to be representative of the UK as a whole. The
results of the floor insulation potentials analysis are provided below:

Floor Insulation ~ Potential  Stock (%)
Suspended timber floor insulatiopotential 4,896,737 18%
Solid floor insulation potential 15,272,980 55%
Insulated floor / no potential 7,720,284 28%
Total 27,890,000 100%

* hitp://www.bre.co.uk/filelibrary/SAP/2009/SAP-2009 9-90.pdf
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5.1.4 Double glazing

A similar methodology as outlined in figure 5 was used to calculate different types of
glazing in the housing stock. All homes in EHS, SHCS and LiW were placed into three
glazing categories; those having either predominantly single glazing, double glazing
installed before 2002 or double glazing installed after 2002. In 2002 England and Wales
building regulations were enforced, specifying that any new or replacement window must
have a minimum Window Energy Rating (WER) of C or above. All surveys contain data on
single vs. double glazing. Many homes have multiple types of windows (approx. 25% of
EHS homes), for these the predominant type of glazing was used as representative of the
whole home.

EHS and LiW contain data on the age of the double glazing enabling us to ascertain
whether the glazing is pre or post 2002. For Scotland this data was not available, therefore
the data for double glazing was taken from the SHCS but the proportion of double glazing
that is Pre 2002 vs. Post 2002 was applied from the EHS.

Data for installations of glazing since April 2008 was taken from the CERT and CESP
scheme reporting to Ofgem. This reporting is presented in terms of m? glazing provided.
An average glazed area of homes in GB was used to divide the square meter data
provided by Ofgem. It was assumed that the glazing was applied to whole dwellings rather
than individual window replacements across a number of dwellings. The results of the
glazing analysis are provided below:

Glazing Potential Stock (%)
Homeswith post 2002 Double Glazing 8,685,169 31%
Double glazing : :
Homes with Pre 2002 Double Glazing 17,277,138 62%
Single Glazing Single Glazing 1,927,693 7%

5.1.5 Energy efficient doors

The English, Scottish and Welsh Housing Surveys 2008 each record the material

construction of each external door as either UPVC, metal or wood. The predominant

external door type for each property was taken to be representative of each of the

propertyodés external door s. It has been assumed each
or metal doors external doors will be suitable for replacement with an insulated door.

5.1.6 Draught proofing

In the absence of UK wide draught proofing potential data from any of the UK housing
stock surveys, it is assumed that only dwellings that have primarily single glazing will
substantially benefit from draught proofing strips. Double glazed dwellings would already
have sealed window units not requiring further draught proofing. Although draught strips
are applicable to external doors we deemed glazing to have a larger air leakage perimeter
therefore have a larger influence upon the air leakage rate.

DraughtProofing Potential Stock (%)

Potential for Draught proofing (draught stripping 1,903,707 7%
No potential for draught stripping 25,986,293 93%
Total 27,890,000 100%
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5.1.7 Reduced infiltration

Reduced infiltration refers to the practice of sealing gaps, cracks and drafts in floor boards,
lofts spaces, walls, windows and doors to minimise the air infiltration rate.

In calculating the potential for reduced infiltration, we used a recommended good practice
level of air tightness of 7m*/h/m®.

We then apportioned the housing stock in to three broad age categories, based on the
Building Regulations requirements for air tightness in new build dwellings:

1 Dwellings built before 2002
1 Dwellings built between 2002 and 2008
1 Dwellings built between 2008 and 2013

These age bands assume that the Building Regulations have impact in the real world
approximately 2 years after publication.

EST sourced data on the number of dwellings that do not meet an air infiltration rate of
7m®h/m? from the following sources:

1 For dwellings built between pre 2002°,
§  For dwelling built between 2002 and 2008 and Post 2008’

A UK summary of the reduced infiltration analysis is provided below:

Reduced Infiltation Potential Stock (%)
Potential for Reduced infiltration (foam, strips, sealant use| 23,663,991 85%
No potential for reduced infiltration 4,226,009 15%
Total 27,890,000 100%

5.1.8 Boiler type

Data on condensing and non-condensing boilers is available from EHS, SHCS and LiW
2008. Condensing boiler installation numbers from 2008 i 2010 were sourced from HHIC.
HHIC also provide projections of condensing boiler installations up to 2015. Both of these
figures suggest condensing boiler installation number of 1 million per annum from 2008 i
2013 and therefore this figure was applied across the stock.

A UK summary of the boiler type analysis is provided below:

> EST (2005) Improving Airtightness in Dwellings. Good Practice Guide 224 (GPG 224).
London, Energy Saving Trust.

® STEPHEN, R. K. (2000) Airtightness in UK Dwellings. BRE Information Paper IP 1/00. Garston, Watford,
Building Research Establishment.

" GRIGG, P. (2004) Assessment of Energy Efficiency Impact of Building Regulation Compliance. A Report

Prepared for the Energy Savings Trust/Energy Efficiency Partnership for Homes. Client Report Number 219683,
Garston, Watford, Building Research Establishment.
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Boiler type Potential Stock (%)
Condensing Boiler 10,236,838 37%
No boiler 3,508,407 13%
Standard Boiler 14,144,755 51%
Total 27,890,000 100%

5.1.9 Heating controls

The presence of the following types of heating controls was sourced from the English,
Scottish and Welsh Housing Surveys:

- Thermostat
- Timer
- TRVs

EST calculated the combinations of all of these technologies in the stock, as well as the
proportion where heating controls were not applicable (e.g. electric heating).

The 840,000 new build dwellings (2008 i 2013) were assumed to be built with a full
package of heating controls (Thermostat, Timer and TRV) in the proportion of the stock
where gas heating was assumed to be installed.

All new boiler installations were assumed to be installed with a full package of heating as
this is specified in the Domestic Heating Compliance Guide 2008°.

Data was available on the number of heating control installations under CERT. However,
for this analysis it was assumed that none of these installations were additional to those
accompanying new boilers.

A UK summary of the results for the heating controls analysis is presented below:

Heating controls Potential Stock (%)

Homes with No heating controls 660,017 2%
Homes with Room Thermostat only 135,564 0%
Homes with Timer only 973,708 3%
Homeswith TRVs only 5,948 0%

Homes with Thermostat + timer 5,372,517 19%
Homes with Thermostat + TRVs 75,731 0%
Homes with Timer + TRVs 2,435,435 9%
Homes with Thermogat + Timer + TRVS 15,811,263 57%
Heating Controls not applicable (g electric heating) 2,419,817 9%

Total 27,890,000 100%

8 http://www.planningportal.gov.uk/uploads/br/BR_PDF_PTL DOMHEAT.pdf
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5.1.10 Hot water cylinder thermostat

Data on the presence of a hot water cylinder thermostat was sourced from the English,
Scottish and Welsh housing surveys. New build dwellings were assumed to have a hot
water cylinder thermostat. A UK summary of this analysis is provided below;

Hot WaterCylinder Thermostat Potential Stock (%)
Potential for Hot Water Cylinder Thermostat 4,611,718 17%
No potential for Hot Water Cylinder Thermostat 23,278,282 83%
Total 27,890,000 100%

5.1.11 Hot water cylinder insulation

The thickness of hot water cylinder insulation was taken the English, Scottish and Welsh
housing surveys. The potential for hot water cylinder insulation included all homes with
cylinders that had foam insulation under 26mm in thickness or a hot water cylinder jacket
insulation less than 80mm in thickness. This is in accordance with recommendations in
Appendix T of SAP 2009°. Homes without a hot water cylinder, for instance those with
combi-boilers are classed as not applicable. Hot water cylinder insulation installations
since April 2008 were sourced from Ofgem under the CERT programme.

A UK summary of the hot water cylinder insulation potential analysis are provided below:

Hot Water Cylinder Inglation Potential  Stock (%)

Cylinder virgin insulatiorpotential 27,787 0%
Cylinder top up insulation potential 5,004,822 18%
Not applicable 11,153,732 40%

No potential 11,703,658 42%
Total 27,890,000 100%

5.1.12 Energy efficient lighting

The Market Transformation Programme (MTP) Policy Scenario was used as an estimate
of the number of light bulbs currently owned by UK households, grouped across various
technology categories (e.g. GLS, CFL, Halogen, Linear Fluorescent, and LED). The
scenario is a projection of the market under a defined set of relevant policies, extrapolated
from 2007 Tangible / Lighting Association research™. It is used as the source for the
number of light bulbs owned by UK households published in the DECC statistical release
Energy Consumption in the UK (ECUK). The table below provides a summary of the
assumed proportion of bulbs in each technology in an average UK home:

DECC, (2011) The Governmentds Standard Assessment
Dwellings

% The MTP Policy projection for 2013 has been used due to a lack of availability of any

more recent robust audits of lighting. Some new market research sources are available but

not at a reasonable cost and, based on analysis of other sources, it is not expected that

new market research data would alter the potentials in any significant way.
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Light Bulbs Potential Stock (%)
Standard (GLS) lamps 34,378,000 S

Halogen lamps 294,985,000 41%

[0)
Linear fluorescent lamps L a2 oo 2

375,401,000 52%

CFlUamps
LED lamps 4,643,000 1%
Total 723,559,000 100%

5.1.13 Passive Flue Gas Heat Recovery (PFGHR)

Passive flue gas heat recovery systems can be installed on all gas central heating
systems. It was assumed that a statistically insignificant number already have the
technology installed therefore all properties identified as having a gas heating have been
classified as suitable for PFGHR. The system is recommended for condensing boilers
only, therefore we have differentiated between homes that require just a PFGHR system
and those that require a new boiler plus a PFGHR system.

Passive Flue Gas Heat Recovery  Potential Stock (%)

Potential for passive flue gas heat recovery (would need t( 0
install an Arated boiler and PFGHR) AR Qe
Potential for passive flue gas heat recovery (Upgrade tofan 0
rated boiler and Install a PFGHR) 12,710,522 46%
Potential for passive flue gas heat recovery (Install PFGHI 9,626,211 32%
No potential for passive flue gas heat recovery 5,120,857 18%
Total 27,890,000 100%

5.1.14 Turning heating down by 1°C

According to the EST 2011 attitude and behaviour survey, 60% of households claim

already to have their thermostat turned down, leaving 40% of households with the potential

to reduce their internal temperature. Please note that as this is based on a single survey

therei s a | arge | evel of uncertainty asrseopcaratteeddd wi t h t
survey, responses are |ikely to be subject to a s
answers that make the interviewee sound favourable in light of the nature of the questions.

Nevertheless this was deemed to be the only data source available. All homes in the EHS,

Liw and SHCS identified as failing health and safety due to cold risk were excluded from

the potential leaving an overall potential of 32%.

Turningheating down by 1 degree Potential Stock (%

Potential for 1 deg. C decrease in house temperature 8,790,724 32%

Already turns thermostat down by 1 deg. C 16,741,441 60%

Fails Thermal Comfort Standardot suitable for turning down 2357.835 8%
thermostat
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Total 27,890,000

100%

5.1.15 Turning off lights when not in use

The EST 2011 Attitude and Behaviour research project™ found that 65% of household
claim to always turn their lights off when out of the room. It has therefore been assumed
that 35% of households could save energy by switching off unused lights.

Turning lights off when not in use

Potential for turning off lights when not in use

Potential
9,761,500

Stock (%)
35%

Already turn off lights when not in use

18,128,500

65%

Total 27,890,000

100%

5.1.16 Smart meters

DECC aims for all homes and small businesses to have smart meters by 2020. Between
now and 2020 energy suppliers will be responsible for replacing over 53 million gas and
electricity meters. This will involve visits to 30 million homes and small businesses™.

Under the smart meter roll-out all homes will be offered a smart meter and, if they use
mains gas, a smart gas meter. Alongside the smart meter, households will be offered an
in-home-display, which can give near real-time information on gas and electricity use. The
in-home-display (IHD) enables householders to make changes to their energy use.

The potential for domestic smart meters as at 2013 was calculated as follows:
For gas smart meters:

A All UK homes which currently use mains gas for heating

For electricity smart meters:

A All UK homes, minus an estimate of those who already have a smart meter, a
smart-type meter, or an in-home-display. Although in-home displays do not provide all the
benefits of a smart meter it was assumed that the behavioural changes resulting from
installing a smart meter could be double counted if existing in-home displays were not
taken in to account.

We estimated the number of homes which already have an IHD as part of an energy
monitor or real time display from DECC6 s Quanti tative resear
attitudes and experience of smart meters,
homes, which are used. This number was sense-checked against the number of real time
displays given out under CERT and was found to be a good match (~3 million).

~ Potential
24,866,019

Smart metersg electric
Potential for smart meters electricity

ch into
gi ving

Stock (%)
89%

Already has a smart meter or electricity use monitor 3,023,981

11%

' EST (2011) Attitudes and Behaviour tracker survey (undertaken by SPA)
hitps://www.gov.uk/government/policies/helping-households-to-cut-their-energy-
bills/supporting-pages/smart-meters
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Total 27,890,000 100%
Smart metersg gas Potential  Stock (%)
Potential for smart meters gas 22,769,143 82%
No potential for smart meter- gas 5,120,857 18%
Total 27,890,000 100%

5.1.17 Energy efficient appliances

Data about the stock ownership of domestic electrical appliances and the total energy

consumed by these products across the UK was source
UK (ECUK) 2012 tables 3.12, 3.11 and 3.10. The modelled data used to produce these

tables came from the Market Transformation Program®. The appliance categories or

sectors covered in the model are as follows:

Appliance type Description

Chest freezer
Fridge freezer

Cold appliances .
Refrigerator

Upright freezer
Washing machine
Wet appliances Tumble driers
Dishwasher
Cooking Electric ovens

Primary TV
Secondary TV

Consumer electronics

This data enabled us to calculate the average electricity consumption per appliance. For
cold appliances, wet appliances and electric ovens the ECUK provides stock data of
appliances by their energy rating. The EU energy label calculations were used to assess
the average consumption for each appliance, where the stock of appliances by energy
band was known, with the following assumptions alterations made:

Appliance ‘ Assumption
Chest freezer Average size 163 litres
Fridge freezer Average size 253 litres, 2/3rds of volume is frost free fridge
Refrigerator Average size 144 litres with frost free setting*
Upright freezer Average size 123 litres

13 Briefing notes on how each of these product category stock models were calculated are
available here: http://efficient-products.ghkint.eu/product-strategies/viewall/briefing-
note.html#viewlist
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Average size 6kg, 220 washer per year 150 at 40 degrees C,

Washing machine 66 at 60 degrees C and 5 at 90 degrees C

Tumble dryer Average size 6kg, 260 cycles per year
Dishwasher 245 washes per year, 110 at 65 degrees C
Electric ovens Consumption based on MTP Whatlf data

Aver age si ze 3iriedl,742Wnhauns,andd,21d n

Televisions (Primary) hours on standby per year

Average size 210 Average on

Televisions (Secondary) hours on standby per year

Average product size assumptions are derived from GfK sales data. GfK sales data from

2008 to 2012 was used to modify the overall stock of cold and wet appliances, electric

ovens and televisions.| CT products (PCb6s, |l aptops and tabl et s)
due to insufficient data on the variation in energy rating and historical evidence of the shift

form PC and laptops to tablets. In 2010 the EU energy labelling legislation for televisions

was passed. GfK data on the sales of televisions by energy label from 2012 was used to

estimate the stock of televisions by energy band.

All data above was used to calculate the average consumption per appliance, the number
of each appliance in stock and the average consumption per appliance per energy rating,
where appliances had energy labels. For each appliance category where EU energy labels
apply, a certain proportion of the stock purchased before the introduction of labelling were
not categorised under the A+++ to G rating. For these uncategorised appliances (labelled

as ffot her 0) their average annualonsumptorsaimallpti on i s eo

appliances in the sector minus the consumption of the appliances with a known energy
label, divided by the number of uncategorised appliances.

5.2 Total stock savings

The technical potential for each measure is used to determine the potential for energy and
CO, emission savings across the whole UK stock. The potential across the 135 individual
house types are combined with the energy savings identified for the house type to get the
contribution to total stock savings from that measure. The resulting energy and CO,
savings across the whole UK stock is shown below:
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The biggest potential for energy savings is from boiler replacement, SWI, heating controls
with TRV and pre 2002 double glazing, while appliance replacement with A++/A+++
energy rating also has good potential for CO, emission reduction.

5.3 Overlapping savings between measures

The measures include some level of overlapped savings e.g. the majority of the saving
from passive flue gas heat recovery (PFGHR) with a new boiler comes from the installation
of the condensing boiler rather than the PFGHR itself. Also, with the reduction of baseline
heating demand through installation of thermal measures, the potential savings from boiler
replacement reduces. Taking this double counting of savings into account, the revised
potential for CO, emission reduction is 49Mt/y. The breakdown of this total potential by
measure is shown in the figure below. It should be noted that these savings do not take
into account uptake of low carbon heating technologies such as heat pumps (HP) and
combined heat and power (CHP) systems, i.e. these savings are not additional to the
emission reduction from a shift of heating technology towards low carbon heating
technologies. With a significant uptake of low carbon heating solutions, the potential for
additional savings from energy efficiency measures is further reduced.
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6 In use factors

6.1 Overview

There is growing evidence that there is often a gap between the actual in-situ performance
and the theoretical performance we can expect from energy efficiency measures. This is of
substantial interest in this study as it directly challenges the confidence with which we can
estimate the energy, cost and carbon savings resulting from the measures analysed. A
number of factors have been posited as contributing to this observed discrepancy. These
include:

A Variation in thermal performance of building fabrics and in particular the effect of
using standardized U-value assumptions.

A Underperformance of measures in-situ when compared to laboratory expectations,
including deterioration of performance over time.

A Imperfect installation and inaccessible/untreatable areas.

A Changes in occupant behaviour in response to installation that cannot be well

described or predicted by conventional models; including internal temperature (thermal

comfort behaviour), venti |-eontioldhow dfféctivelyathey deu mpi ngo) , al
thermostat, timer etc.).

A Models have difficulty explicitly describing heat demand accounting for secondary
sources (often unmetered), and hot water and appliance use (as separable from space
heating).

6.2 Methodology

The requirement for the purposes of this study is to identify from current research the best
available estimates that we can use to adjust expected savings.

Our approach was first to take the DECC Green Deal in-use factors'*, and inaccessibility
and comfort factors from the DECC Green Deal Impact Assessment™, and then to critically
evaluate the sources and justification for these, including against any new or overlooked
evidence and insight from our field trial experience. DECC in use factors were used as the
basis of the study as this is the only place where in-use factors have been systematically
developed across all measures.

A particular focus has been on assessing how conservative the DECC factors may be as,
whilst conservatism is pertinent from a Green Deal delivery perspective, it is not
appropriate for the MACC and trajectory analysis. However, it should be noted that DECC
employ the same in-use factors in their Green Deal Impact Assessment as they do in
household Green Deal calculations, with the addition of comfort and inaccessibility
elements.

Y DECC (2012): How the Green Deal will reflect the in-situ performance of energy
efficiency measures.

' DECC (2012): Final stage impact assessment for the Green Deal and Energy Company
Obligation.
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The DECC Green Deal In-use factors, In line with previous research (Sanders and
Phillipson, 2006)'®, are partitioned into three theoretically, and in some evidence
empirically, separable elements that contribute to an overall reduction factor:

1. In-use factor
2. Comfort factor
3. Inaccessibility factor

The in-use factor is the physical underperformance or systematic difference between
physics-based models of building energy demand and real-life. The comfort factor, or
comfort take, is the underperformance of a refurbishment measure attributable to the
rebound effect observed whereby internal temperatures increase following an
improvement in insulation. The inaccessibility factor describes, broadly, the proportion of
the building stocks surface area which cannot be treated i primarily important for walls.

These are applied multiplicatively to modelled savings to provide a more accurate
estimate, as in the formula below:

AkWhy = AkWhy, x [(1 — In use) x (1 — Inaccessibility) x (1 — Comfort)]
Figure 13 Calculation of savings after in use factors are applied

6.3 Measure in use factor breakdown

The table below presents the proposed reduction factors for use within this study. We have
adopted the three classifications used by DECC. This has the benefit that we can apply
these separately to savings estimates should we feel any of them inapplicable. The
evidence supporting these and discussion of their suitability can be found in the appendix.

® sanders & Phillipson (2006): An analysis of the difference between measured and
predicted energy savings when houses are insulated. Glasgow Caledonian University.
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Table 6 Detailed breakdown of performance factors for measure

Comfort

Measure InT use factor Inaccessibility  Total IUF
SWITi Internal / external 33% 15% 10% 49%
Cwi 35% 15% 10% 50%
Loft 35% 15% 10% 50%
Suspended timber floor 15% 15% 0% 28%
Solid floor 15% 15% 0% 28%
Double glazing 15% 15% 0% 28%
Insulated doors 15% 15% 0% 28%
Draught proofing 15% 15% 0% 25%
Reduced infiltration 15% 15% 0% 25%
Condensing boiler 25% 0% 0% 25%
Heating controls - Full 50% 0% 0% 50%
HW cylinder thermostat 10% 0% 0% 10%
HW tank insulation 15% 0% 0% 15%
GLS to CFL 0% 0% 0% 0%
Halogen to LED 0% 0% 0% 0%
PFGHR only 0% 0% 0% 0%
1°C decrease in temperature 10% 0% 0% 10%
Turn off lights 0% 0% 0% 0%
Smart meters - electricity 0% 0% 0% 0%
Smart meters - gas 0% 0% 0% 0%

6.3.1 Discussion of Evidence

Whilst underperformance of energy efficiency measures, particularly insulation, against
theoretical expectations has been routinely observed in post-occupancy evaluations and
field trials, this insight has not often been structured and collected in such a way that it can
be used directly to derive quantified adjustment factors. Limitations around data collection
methodology, sample size, and representativeness, create problems for the identification
of generalized factors i and there has been relatively little dedicated effort to develop
empirical reduction factors as a primary research output. Acknowledging this, we present
here a review of available secondary evidence and a comment on its applicability and
robustness for our purposes.
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The key focus of the di scusdJseandImpactAssessDRBtCCO6s Gr een
numbers. They have justified these where possible with cited evidence, and our review of

this confirms that their use of these sources is appropriate and is a comprehensive

representation of currently available research.

6.3.2 Cavity Wall Insulation

The majority of studies that have sought to quantify reduction factors have focused on the
most widely installed insulation measures (cavity wall and loft). Sanders and Phillipson
(2006) provide a useful review of reduction and comfort factor estimates for cavity and loft
insulation. This compares findings from studies that provide quantified values, and
identifies central factors that are in agreement with these i proposing a reduction factor of
50% (based on 4 studies), of which comfort taking contributes around 15% (based on 3
studies). Whilst it does highlight the limited availability of evidence, this is nonetheless the

most comprehensive contribution and provides the pr

50%. Early evidence from recent analysis of the National Energy Efficiency Data-
framework (NEED) corroborates this, finding around a 50% underperformance of CWI in
reality”. Field trials of refurbishments have approximated that around 10% of wall
coverage remained unfilled following the treatment (AEA, 2004)18. There is a range of
supporting evidence of underperformance of measures in situ, proposing a range of
causes.

Given the available evidence, and in line with DECC proposals, a reduction factor of 50%
is reasonable, and there is not sufficient evidence to suggest that this is overly
conservative. This is our suggested reduction factor.

6.3.3 Solid Wall Insulation

Due to the relatively low numbers of refurbishments for evaluation, there is much less
evidence on reduction factors for solid wall insulation. Based on recommendation DECC
initially proposed an in-use factor of 25%. Following evidence from field trials, an additional
8% adjustment (to 33%) was made for pre-1966 brick properties which were found to have
higher than assumed pre-insulation U values. EST has undertaken a two phase field trial
of Solid Wall insulation. Analysis of the first phase, with a sample of nearly 100 properties,
found that un-insulated solid wall U values were on average 32% lower than otherwise
assumed by SAP (2.1 W/m?.K)™. The trial contained both brick and stone properties, and
very few solid wall constructions will have been built since 1966. As a result we propose
that the +8% adjustment is extended to all types of solid wall property.

Analysis of the second phase, with a smaller sample of around 35, is ongoing. However
early results have found a discrepancy between actual and modelled savings of a similar
order of magnitude of DECCs proposed factors i suggesting that these are reasonable.
Whilst in-use, comfort and inaccessibility cannot be independently identified in the field trial
results, and the sample is too small to generalise about individual heating behaviour or
installations, it seems reasonable to suppose that all wall insulation has a similar effect on
occupant heating behaviour. There will also be untreated areas of wall, for example stone
detailing, inaccessible/awkward areas; as clear in thermal imaging analysis. For
consistency the proposed figure of 10% for inaccessibility is apposite.

" For example DECC (2012): Final stage impact assessment for the Green Deal and
Energy Company Obligation

' Capel, C. & Wilczek, J. (2004): Measurement of the Performance of Cavity Wall
Insulation Installed in Domestic Dwellings, Final Report for Energy Saving Trust, AEA
Technology plc

9 EST Field trials. Field trial results not published externally
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Subsequently, in line with DECC, we suggest that 33% be used as the in-use factor, 15%

as the comfort factor and 10% as the inaccessibility factor for all types of solid wall

property. When compared against the initial results
as well as the value for a similar measure in CWI, these do not appear overly

conservative.

6.3.4 Loft Insulation

As with CWI, the key contribution comes from Sanders and Phillipson (2006) since the
majority of the studies reviewed measure the reduction factor from installation of both CWI
and loft insulation. Loft insulation therefore is expected to also produce a savings
underperformance of 50% when compared to theoretical expectations. As with CWI, early
NEED analysis has found a similar 50% reduction factor. These measures are often
grouped together in such studies as they are an insulation package that has been typically
installed in recent retrofit programmes. It has been suggested that measures that increase
radiant temperature (e.g. CWI, double glazing) will generate a lower comfort take than
those that do not, such as loft insulation. BRE (2003)20 find that properties with CWI alone
saw a significantly smaller comfort take (7%) than those with loft alone (29%). However
EST (2008)21 in attempting to differentiate the energy savings from CWI and loft insulation
installed under EESoP3 and EEC, find that there was no significant difference in overall
reduction factor between the two measures. BRE (2006)22 in an ex-post study of the
effectiveness of loft insulation find a few factors in installation that reduce its coverage,
such as areas of space left for heat escape from ceiling lights. More substantially they
highlight imperfections in installation 7 and this may be a particular issue given the
popularity of DIY loft insulation installation. Due to the nature of the insulation, a lower
inaccessibility factor seems reasonable whilst a higher in-use factor due to imperfect or
degraded installation also seems reasonable. In the Green Deal Impact Assessment
inaccessibility and in-use are grouped (as 41%), and whilst this is not explained in the
document it does suggest some uncertainty around the appropriate split between these.

Considering the evidence then, we propose that loft insulation has the same overall
reduction factor as cavity wall insulation. Contributing to this, we suggest that a slightly
higher in-use factor (38%) and lower inaccessibility factor (5%) is used. This is to reflect
evidence that the split of contributing factors may be different to wall insulation 7
specifically that issues in installation may be more likely due to poor or degraded
installations than to spatial coverage. We are satisfied that the DECC factors are not
overly conservative.

6.3.5 Other Insulation Measures

There is very little evidence for appropriate reduction factors for other insulation measures
i floor, glazing, doors, draught proofing and reduced infiltration. DECC apply a 15% in-use
factor to each of these based on expert recommendation, and in recognition that this is a
precautionary value. When considered against the size of observed discrepancy
evidenced for loft and cavity insulation, we do not deem this an excessive value i despite
lacking the evidence to discuss with any precision its accuracy. Since these are also

20 Building Research Establishment (2003): Standards of Performance 2: Findings from
Monitoring. BRE Client Report 16099, Building Research Establishment, Watford

' Energy Monitoring Company (2008): Disaggregation of the energy savings achieved
from insulation in EESoP3 and the Energy Efficiency Commitment. Final Report Updated
November 2008 for Energy Saving Trust.

2 Building Research Establishment (2006): Research into the effectiveness of loft
insulation Phases Il & lll. BRE Client Reports 227479 and 227480, Building Research
Establishment, Watford.
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insulation measures that affect internal thermal comfort, we recommend that the standard
comfort factor of 15% be applied; in Iine with Sand:

6.3.6 Condensing Boilers

DECC have proposed an in-use factor of 25% applied to the saving when switching a non-
condensing boiler to a condensing gas or oil boiler. This is in recognition of field trial
evidence that condensing boilers underperform in situ compared to theoretical
performance. The condensing boiler field trial undertaken by Gastec and the Energy
Saving Trust for DECC (2009) finds that the mean heat efficiency of condensing boilers is
significantly less than suggested by mean SEDBUK seasonal efficiencies i as used in
SAP. The trial recommends a correction factor of ~0.95 to improve the correlation between
trial efficiency and SAP predicted efficiency; however this may be lower during the summer
months when domestic hot water is the primary function. However, the pure system
efficiency alone does not account for all of the possible factors affecting performance in
use, including, for example where SAP can potentially overestimate original energy use.
For this reason, and through lack of available evidence, we recommend that the 25%
factor assumed by DECC be applied. Of all the DECC in-use factors, this could be seen as
being conservative but no other evidence exists to counter this assumption. It is unclear
from the literature to what extent real-life performance data from NEED was available to
inform DECC6s assumption.

6.3.7 Heating Controls

The in-use factor proposed by DECC for heating controls is 50%. This is a slightly atypical
use of the in-use approach as it is less to identify underperformance and more to question
whether there is evidence for any saving from this measure. Shipworth et al (2010)%
review the evidence for savings from heating controls and undertake a trial of 427 homes
to test thermostat and timer controls. They find very little robust evidence for a saving,
identifying poor and misleading sourcing as a particular issue in policy evaluations of this
measure. In their trial, they do not find evidence for any energy saving impact of the
measure. Specifically, homes with a thermostat installed did not have a significantly
different average internal temperature and homes with a timer installed did not have a
significantly different average daily heating duration. Nonetheless savings have been
found in some studies, for example RLW Analytics (2007)24 which found a 6.2% reduction
in gas consumption from the installation of programmable thermostats. Comfort and
inaccessibility factors are inapplicable here due to the nature of the measure.

Clearly further research is required around this measure to determine its likely savings,
and the application of an in-use factor reflects this, rather than any specific limitations of
models. DECC cite the Shipworth et al study as evidence that controls may underperform
in reality against theoretical expectations and this seems reasonable. The choice of a 50%
in-use factor however is less certain. If we were to expect no savings, then we would apply
a 100% reduction factor and eliminate heating controls as an option. However, as
insufficient evidence exists to substantiate this claim either way, the DECC assumption of
50% seems a more reasonable working assumption.

2 Shipworth, M., Firth, S.K., Gentry, M.I3, Wright, A.J., Shipworth, D.T. and Lomas, K.J.
(2010): Central heating thermostat settings and timing: building demographics, Building
Research & Information, 38(1), 50-69.

** RLW Analytics (2007): Validating the impact of programmable thermostats. Middletown,
CT, Prepared for GasNetworks by RLW Analytics.
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7 Measure cost

7.1 Overview

EST undertook an analysis of available data on the cost of measures to derive estimated
costs for all measures on the MACC. All measure costs are presented in terms of the price
charged for the work by an installer and therefore include all the cost of materials, labour
costs and VAT, plus any transaction costs associated with finding the lead and marketing
etc. However, please note that in the policy analysis, there are certain additional costs
associated with the ECO and Green Deal which were assumed to be additional to the
standard costs of marketing and assessment. These additional costs refer to the Green
Deal Advice Report and Technical Surveys required by ECO and Green Deal. It is also
assumed that for certain elements of ECO, there are additional costs of finding qualifying
leads due to the restricted eligibility criteria. These additional costs are covered separately
below.

All the costs provided exclude the value of grants and subsidies and hidden or hassle
costs. The analysis of measure costs has, where possible, tried to distinguish between
fixed and marginal elements. The fixed value is independent of the capacity or size of the
measure and may include, for example, in the case of external solid wall insulation the
fixed cost of transport to the job site. Marginal costs, for instance in the case of wall
insulation, include the cost of materials per m? of wall insulated.

Each of the property types within the Housing Energy Model falls under one of three

categories of shape and dimension: Small (representing all flats), Medium (representing all

bungalows and terraced homes) and Large (representing all detached and semi-detached

homes). In order, to apply the variable costs to these archetypes, typical dimensions for

each wer e established from the BREOSs Standard Dw
document®.

% ILES. P, J (1999) Standard Dwellings For Energy Modelling, Centre for Technology
Statistics and Assessment, Department of the Environment Transport and the Regions.
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7.2 Measure cost breakdown

The results of the costs analysis is presented below.

Table 7 Detailed cost breakdown of measures

Measure

Fixed costs

Variable cost

Low Fixed
Cost

Low Variable
Cost

High Fixed
Cost

High Variable
Cost

Variable
cost unit

Variable

External wall insulation £6,000.00 | £111.49 £3,600.00 | £111.49 £8,400.00 | £111.49 m2 Wall Area
Internal wall insulation £2,400.00 £73.35 £1,200.00 £66.01 £3,600.00 £80.68 m2 Wall Area
Easy to treat cavities £250.12 £5.06 £236.95 £4.04 £263.28 £5.15 m2 Wall Area
Hard to treat cavities (CWI | o 5 16 15 | £4.76 £1293.31 | £3.80 £2.87570 | £4.84 m2 Wall Area
Solution)
Limited savings easy 10| ., 1, £5.06 £236.95 £4.04 £263.28 £5.15 m2 Wall Area
treat cavities
: —
Loft Insulation £157.97 £0.012 £144.805 | £0.011 £171.134 | £0.013 e | eess fEgiee
Loft Area
Hard to treat lofts £986.82 £22.79 £564.06 £13.03 £1,763.46 £40.73 m2 Loft area
Solid floor insulation £0.00 £29.27 £0.00 £24.85 £0.00 £46.22 m2 Ground Floor Area
ﬁgiﬁ);t?odned timber floor | £ 59 £8.81 £0.00 £2.18 £0.00 £13.26 m2 Ground Floor Area
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B-rated double glazing £1,683.62 £108.65 £1,482.16 £95.65 £1,885.07 £121.65 m2 Window Area
Insulated doors £0.00 £504.47 per door Number of doors
Draught proofing £0.00 £3.57 m Wln.dow and - Door
Perimeter
Reduced infiltration £22 01 £357 m Wln'dow and Door
treatment Perimeter
Condensing boiler £2,401.52 £0.00 £700.00 £5,998.31 per dwelling | Number of dwellings
Heating controls (Timer, . .
Thermostat and TRV) £451.71 £0.00 per dwelling | Number of dwellings
_ll—_lgz\a/t)lng controls (Timer and £368.68 £0.00 per dwelling | Number of dwellings
I;:;;mg controls  (TRVs £168.84 £0.00 per dwelling | Number of dwellings
Hot Water Cylinder £119.99 £0.00 per Unit Number of dwellings
Thermostat
Hot Water Tank insulation £12.65 £0.00 per Unit Number of dwellings
Halogen lamps £0.00 £2.89 per Bulb Number of bulbs
replaceable
CFL lamps £0.00 £5.52 per Bulb Number of  bulbs
replaceable
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LED lamps £0.00 £9.80 per Bulb Zl;?;:;bmm bulbs
FPRZizi\\//sry Flue  Gas Heat £652.79 £0.00 :vtgl?r?;s of Number of dwellings
ZZ]S::C) meter  (gas  and £212.28 £0.00 per meter Number of meters
Chest freezer £270 £0.00 per unit per unit
Fridge freezer £278 £0.00 per unit per unit
Refrigerator £276 £0.00 per unit per unit
Upright freezer £442 £0.00 per unit per unit
Washing machine £321 £0.00 per unit per unit
Tumble driers £236 £0.00 per unit per unit
Dishwasher £365 £0.00 per unit per unit
Electric ovens £382 £0.00 per unit per unit
TV £542 £0.00 per unit per unit
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The following methodology statement provides details of how costs data was sourced and
analysed for imputation in the MACC model.

7.2.1 Solid wall insulation, Internal and External

Costs for solid wall insulation were taken from the Solid Wall Insulation Supply Chain
Review (2009)?° undertaken by Purple research on behalf of the Energy Saving Trust and
the Energy Efficiency Partnership for Homes. The fixed costs for both types of wall
insulation were taken from the report. To calculate the variable costs the average material
costs as given in the report were divided by the typical wall area for a large semi-detached

home(81.9m2) as given in BRE®&6bs Standard Dwe fl

Costs quoted in the report were exclusive of VAT hence 20% was added to both the fixed
and variable costs. To calculate the low and high estimated costs, the ranges provided in
the underlying Purple Research report were used. The Purple Market Research was
deemed to be a more robust dataset than industry data from schemes such as CESP as it
is often difficult to establish the true un-subsidised cost under energy efficiency obligation
programmes.

7.2.2 Cavity wall insulation (Easy to treat)

It is difficult to establish the unsubsidised cost of cavity wall insulation due to the fact that
the market has been almost entirely subsidised since the Energy Efficiency Commitment
was established in 2002. The National Insulation Association (NIA) recently carried out a
survey of its members® and established that the current average price for insulating a 3
bedroom semi-detached home without subsidy is £450 - £500. The high and low cost
estimates were based on this range.

7.2.3 Cavity wall insulation (Hard to treat)

There are several forms of hard to t ropriate
solution varies depending on the type of cavity wall and the particular circumstances of the
property meaning that costs can vary greatly between the different hard to treat types. To
establish the solution most suitable to each hard to treat type, EST referenced the report
commissioned by DECC on Hard to Treat Cavity Walls, first in 2010 and subsequent
revisions in 2012% which provides recommendations for different uses. In a number of
cases (e.g. Narrow cavity walls) there is no clear guidance as to the appropriate solution.
Therefore, an assumption was made based on the EST Housing Teams Technical
Knowledge.

Costs for these treatments were sourced from the Inbuilt 2010 and 2012 reports for DECC
on hard to treat cavities, the EST supply chain research for solid wall insulation, Spon's
Architects and Builders Price Book 2013*' and a report from Calderdale Council®
containing case studies on the costs of insulating different types of hard to treat cavity wall.

2 Purple Market Research (2009) Solid Wall Insulation Supply Chain Review, Energy
Saving Trust, Energy Efficiency Partnership for Homes.

T ILES. P, J (1999) Standard Dwellings For Energy Modelling, Centre for Technology
Statistics and Assessment, Department of the Environment Transport and the Regions.

8 National Insulation Association (http://www.nia-uk.org/)

2 hitp://www.bre.co.uk/filelibrary/pdfirpts/Hard to Treat Homes Part l.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment data/file/65993/788-
hard-to-fill-cavity-walls-domestic.pdf
Fhttps://www.gov.uk/government/uploads/system/uploads/attachment _data/file/48433/562
0-review-of-the-number-of-cavity-walls-in-great-brit. pdf

*SPON6S Architectso and bui |-0-415-689077-pri ce book
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http://www.nia-uk.org/
http://www.bre.co.uk/filelibrary/pdf/rpts/Hard_to_Treat_Homes_Part_I.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/65993/788-hard-to-fill-cavity-walls-domestic.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/65993/788-hard-to-fill-cavity-walls-domestic.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48433/5620-review-of-the-number-of-cavity-walls-in-great-brit.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48433/5620-review-of-the-number-of-cavity-walls-in-great-brit.pdf





















































































