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Abstract 

The study considered the impact of three levels of thin 

internal wall insulation (IWI) on the energy demand, 

warm up time and overheating risk of a typical semi-

detached house under a range of combinations of 

existing building constructions and occupancy patterns, 

in addition to two locations in the UK. The occupancy 

patterns selected included using standard assessment 

procedure methods (SAP), as well as agreed profiles to 

represent the patterns of a retired couple and a single 

working age person. 

This paper is based on a report produced by AECOM for 

the government department BEIS, formerly known as 

DECC. 

Introduction 

Conventional IWI is seen as a valuable part of domestic 

energy efficiency policy but it is expensive, disruptive to 

install, takes up space, is not accessible for the DIY 

market and can change the physics of building fabrics 

sometimes resulting in unintended consequences such as 

excessive thermal bridging, condensation and 

overheating. 

Using thinner insulation systems (10mm to 20mm) 

mitigates many of these challenges by being cheaper, 

simpler to apply and taking up less space. Thin IWI has 

less impact on the physics of the building fabric than 

conventional IWI. Although the thermal performance of 

thinner IWI will normally be poorer than thicker 

alternatives, the net potential to save energy at a national 

level may be greater because it can more easily be 

deployed widely and reduce barriers to take-up by 

consumers. 

DECC appointed AECOM to undertake a study using 

dynamic thermal simulation (DTS) to understand the 

range and variation in performance that thin IWI might 

be expected to have according to a building’s thermal 

mass and the residents’ occupancy profile in terms of 

energy saving and overheating risk. 

Simulation 

Fabric specification 

The study has considered four construction types to 

represent a wide range of different building fabric 

specifications spanning the last 120 years. 

 Solid brick circa 1900; 

 Unfilled cavity; 

 Partial fill cavity; 

 Concrete construction (no cavity). 

Each of these construction types has been modelled three 

times; the first as described above (i.e. as built) and then 

two variant options with 10mm and 20mm thicknesses 

of thin IWI applied respectively. Solid brick circa 1990 

with a more typical (thicker) IWI has also been assessed 

to compare the performance of thin IWI with more 

conventional IWI. 

The specification for the thin IWI is based on a typical 

thin IWI product available in the UK market. 
 

Table 1: Performance parameters for thin internal wall 

insulation used in this analysis 
 

Parameter Insulation 

Thickness (mm) 10 or 20 

Thermal conductivity (W/mK) 0.0515 

Density (kg/m³) 186.4 

Specific heat capacity (J/kgK) 2,000 
 

The effects of the IWI on the U-value of each of these 

construction types have been calculated using the BRE 

U-value Calculator software. U-value calculations do not 

account for the effects of non-repeating thermal bridges 

as these are specific to individual dwellings; this 

assumption implies that the thin IWI would be fitted 

across the whole surface of the external wall (i.e. behind 

skirting boards, coving and the area of external wall that 

lies between the floors and ceilings of adjacent storeys).  

Table 2 shows the U-values calculated with the BRE U-

value calculator used in this analysis: 
 

Table 2: U-values calculated for each of the five fabric 

specifications with each of the three levels of thin IWI 

included 
 

External Wall Construction 

U-Value (W/m²K) 

Without 

thin IWI 

(as built) 

With 

10mm 

IWI 

With 

20mm 

IWI 

Solid brick circa 1900 1.70 1.28 1.03 

Unfilled cavity 1.40 1.10 0.91 

Partially filled cavity 0.60 0.54 0.49 

Concrete construction 1.30 1.04 0.86 

Solid brick with standard IWI 0.50 [1] N/A N/A 

Proceedings of BSO 2018: 
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[Note 1] U-value indicated is for conventional IWI. 
 

Roofs are assumed to have a U-value of 0.26W/m²K; 

and floors a value of 1.2W/m²K, apart from the partially 

filled cavity construction which has a value of 

0.51W/m²K. All the windows are assumed to be double 

glazed units with the following specification: 

 U-value 3.10W/m²K; 

 G-value 0.76; 

 6mm panes with 12mm argon filled gap; 

 Wooden frame accounts for 10% of total area; 

 Visible light transmittance 0.71; 

 Internal curtains applied which are assumed to 

close when the incident radiation is greater than 

150W/m², and open when it drops below 

100W/m². They are assumed to have a shading 

coefficient of 0.48, and a short wave radiant 

fraction of 0.625. 

 This operation profile assumes a proactive 

user who operates the curtains to control 

both overheating and internal glare. Further 

work could consider a less proactive 

building user. 

External doors are assumed to be simple plywood 

construction. 

Building form 

A typical building form was developed based on a 

typical semi-detached property. This was derived using 

data from the Cambridge Housing Model which is based 

on the English Housing Survey 2011 data. Analysis of 

these records produced the following points: 

 29% of the records are for semi-detached 

houses; 

 91% of semi-detached houses have two or more 

floors (ground and first); 

 12% of semi-detached houses have a room in 

the roof space; 

 Average measurements are as follows: 

 Ground flr: height = 2.42m, area = 51.62m² 

 First flr : height = 2.67m, area = 43.65m² 

 Door area = 4.77m² 

 Window 1 area = 2.56m² 

 Window 2 area = 18.66m² 

 Living room fraction = 0.18 

Therefore we assumed a two storey building with no 

room in the roof space and the following details: 

 Ground floor 45m² (2.42m high) with a living 

room area of 18m² (approximately 20% of the 

total floor area of the house). It contains a living 

room, a combined kitchen/dining room, and a 

hall and stairs with under stair cupboard. 

 First floor 45m² (2.67m) high. It contains 3 

bedrooms, a bathroom with a separate toilet and 

a landing space and stairs. 

 External doors have total area of approximately 

5m² (one at the front and one at the side). 

 External window areas: 

 Front wall approximately 9m² 

 Side wall approximately 2.5m² 

 Back wall approximately 9m² 

 Ridged roof with insulation at the ceiling level. 
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 1: (a) screenshot of the typical dwelling form, (b) 

front of house (north facing), (c) side of house (west 

facing), (d) back of house (south facing) 
 

Occupancy and location scenarios 

Occupancy 

The study considered four different occupancy patterns.  

 Standard Assessment Procedure (SAP) 

SAP occupancy assumptions were recreated in 

the model to provide the base case occupancy 

profile for this study. 

 Scotland SAP 

A version of the SAP occupancy scenario with a 

standard weather data for Edinburgh, CIBSE 

TRY 05. 

 Modified SAP 

A modified SAP scenario was based on the 

findings of the Energy Follow-up Survey 2011. 

The Survey identified a number of differences 

between current SAP assumptions and the 

findings from the surveyed households. 

 Retired Couple 

Model input patterns for a retired couple were 

developed from first principles using the heating 

set-points defined in SAP. 
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 Single working-age person 

Model inputs patterns for a single working age 

person were developed from first principles 

using the heating set-points identified by the 

Energy Follow-up Survey. 

Profiles – overview 

Five different combinations of occupancy and location 

were included in the study. A sample of these are 

detailed below, full details can be found in the original 

paper, issued 2017. In the profiles, the internal gains are 

described as ‘on’ (1) or ‘off’ (0) or reduced (0.5), which 

represents some level of reduced ‘on’ (e.g. reduced 

window openings overnight, reduced people gains at 

night – assuming they are asleep). 
 

 

Figure 2: Profile for occupancy, lights, appliances, 

heating and windows for weekdays for the SAP 

occupancy profile 
 

 

Figure 3: Profile for occupancy, lights, appliances, 

heating and windows for weekends for the SAP 

occupancy profile 
 

Heating 

Different occupancy profiles have been assumed to use 

one of two different heating seasons and heating set 

points, which are shown in the table below. 
 

Table 3: Heating set points and season for each 

occupancy profile option 
 

Occupancy 

Profile 

Heating Set 

Point (Living 

Room ) (°C) 

Heating Set 

Point (All 

other heated 

rooms) (°C) 

Heating 

Season 

SAP 

21.0 18.0 
Jan to April. 

Sept to Dec 
SAP in Scotland 

Retired Couple 

Modified SAP 

20.2[1] 19.1[1] 

Jan to April, 

mid-Oct to 

Dec [1] 

Single Working 

Person 

[Note 1] Based on the Energy Follow-up Survey 2011 
 

People 

The following numbers of people have been assumed in 

each of the occupancy profiles: 
 

Table 4: Number of people assumed in each occupancy 

profile and details how that number have been 

determined 
 

Occupancy 

Profile 

Number of 

Occupants 

in House 

Details 

SAP 2.63 
Calculated using Table 1b, SAP 

2012 

SAP in 

Scotland 
2.63 

Assumed to be the same as the SAP 

profile 

Modified SAP 2.63 
Assumed to be the same as the SAP 

profile 

Retired Couple 2.00 
Based on discussions with DECC 

around occupancy profiles 

Single Working 

Person 
1.00 

Based on discussions with DECC 

around occupancy profiles 
 

Lights 

The lighting used in the SAP related profiles (SAP and 

SAP in Scotland) are calculated based on the equations 

in section L1 of SAP 2012. It is assumed that only low 

energy lighting fixtures are installed. The calculated 

lighting gain is the total lighting gains for the whole day 

in the house. This was divided up and applied to each 

occupied room, assuming that the lights are only on in 

the rooms which are occupied at each time during the 

day. 

For the other profiles (Modified SAP, Retired Couple, 

and Single Working Person) the lighting gains are based 

on a total lighting power of 40W per room, assuming 

low energy lighting fixtures, and are on when the room 

is occupied. 

Equipment 

The equipment gains for each occupancy profile option 

are based on the following initial assumptions: 
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Table 5: Equipment gain assumptions for each 

occupancy profile 
 

Occupancy 

Profile 
Details 

SAP 
Calculated using section L2, SAP 2012 for 

appliances and L3 for cooking 

SAP in Scotland Assumed to be the same as the SAP profile 

Modified SAP Taken from CIBSE TM37, tables 5.6, 5.7 and 5.8 

Retired Couple Taken from CIBSE TM37, tables 5.6, 5.7 and 5.8 

Single Working 

Person 
Taken from CIBSE TM37, tables 5.6, 5.7 and 5.8 

 

For profiles which use equipment gains from the CIBSE 

TM37 tables the following equipment has been assumed. 
 

Table 6: Appliances used in the Modified SAP, retired 

couple, and single working person profiles with 

descriptions of time/number of users per appliance 
 

Appliance 

Occupancy Profile 

Modified 

SAP 

Retired 

Couple 

Single 

Working 

Person 

Television – LCD (up 

to 60cm) 

2 units, 3 

hrs/day 

2 units, 7 

hrs/day 

2 units, 2 

hrs/day 

Digital TV adaptor 

box 

On all the 

time 

On all the 

time 

On all the 

time 

Microwave oven 20 min/day 30 min/day 15 min/day 

Refrigerator ‘A’ rated 
On all the 

time 

On all the 

time 

On all the 

time 

Freezer ‘A’ rated 
On all the 

time 

On all the 

time 

On all the 

time 

Washing machine ‘A’ 

rated 

4 

loads/week 

4 

loads/week 

2 

loads/week 

Condensing tumble 

dryer – A rated 

3 

loads/week, 

only in 

winter 

3 

loads/week, 

only in 

winter 

1 

loads/week, 

only in 

winter 

Oven ‘A’ rated 1 hr/day 1 hr/day 30 hr/day 

Hobs – gas 1 hr/day 1 hr/day 30 hr/day 

Laptop 3 hrs/day 5 hrs/day 2 hrs/day 

DVD player 2 hrs/day 2 hrs/day 2 hrs/day 
 

All of the appliances are assumed to be in the kitchen 

with the exception of the following items: 

 1 of the 2 televisions; 

 Digital TV adaptor box; 

 Laptop; 

 DVD player. 

Windows and ventilation 

It is assumed that windows will only be opened during 

occupied hours. The following rooms have been 

assumed to have openable windows: 

 Living room (ground floor) – only while 

occupied, and shut overnight 

 Kitchen and dining room (ground floor) – only 

while occupied and shut overnight 

 Bedrooms (first floor) – only while occupied, 

and at a reduced level overnight 

 Bathroom (first floor) – only while occupied and 

at a reduced level overnight 

Windows are assumed to start opening when the ambient 

temperature in the room reaches 23°C and to be fully 

opened when the ambient temperature reaches 26°C. All 

windows are assumed to be top hung and open to an 

angle of 10° which provides an opening of 17% of the 

window area. At night the windows which are on a 

reduced opening are assumed provide an opening of 

1.7% of the window area. 

Based on the assumptions in SAP 2012 the whole house 

is assumed to have a continuous mechanical extract rate 

of 0.5 air changes per hour. This is to account for the 

mechanical extract ventilation in the following rooms: 

 Kitchen extract fan and cooking extract hood; 

 Bathroom extract fan; 

 Toilet extract fan. 

SAP does not distinguish between individual rooms, it 

assumes that extract ventilation is applied to the whole 

house. This assumption was applied to the house 

modelled in this study. 

Shading 

Typical semi-detached houses are located in suburban 

areas and are partially shaded by surrounding houses. To 

mimic the shading of a typical suburban area notional 

buildings are included around the modelled dwellings. 

The distance between neighbouring houses is assumed to 

be 7.5m, to account for driveways and paths. The 

distance between houses in-front and behind was 

assumed to be 20m. This is to account for either: 

 Back to back rows of houses with 10m length of 

garden each; or 

 A road, with pedestrian walk ways and small 

front gardens between each row. 

 

Figure 4: Screenshot of IES model showing matrix of 

dwellings with labels showing different constructions 

and profiles 
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The following table shows every combination of these 

variables, 65 simulations. 
 

Table 7: Illustration of 65 simulations required to 

consider all combination of variables 
 

 

Heat loss and radiator sizing 

It was assumed that the size of the radiators have not 

been changed since each building was first built, and that 

these will not be changed when the IWI is applied. 

Results and analysis 

Analysis has considered three principal dwelling 

performance parameters affected by thin IWI: 

1. Heating energy requirements; 

2. Warm-up time; 

3. Overheating risk. 

Heating energy requirements 

The annual heating energy requirement of a building is a 

function of many variables including: 

 Outside temperature; 

 Inside temperature; 

 Fabric specification; 

 Air leakage rate; 

 Ventilation rate; 

 Internal heat gains; 

 Amount of time for which the heating is on. 

The results of the DTS were analysed to quantify the 

calculated annual heating energy requirements for each 

simulation and identify the impact of the thin IWI. Table 

8 and Figure 5 show the modelled annual heating 

demands for all simulations. 

Table 8: Modelled annual heating demand variation across all 65 simulations 
 

Occupancy 

Profile 

Modelled Annual Heating Demand (MWh) 

Solid Brick circa 1900 

(initial wall U-value = 

1.7W/m²K) 

Unfilled Cavity (initial 

wall U-value = 

1.4W/m²K) 

Partially Filled Cavity 

(initial wall U-value = 

0.6W/m²K) 

Concrete (initial wall U-

value = 1.3W/m²K) 

Solid Brick 

with current 

IWI (initial 

wall U-value 

= 0.5W/m²K 

No 

IWI 

10 

mm 

IWI 

20 

mm 

IWI 

No 

IWI 

10 

mm 

IWI 

20 

mm 

IWI 

No 

IWI 

10 

mm 

IWI 

20 

mm 

IWI 

No 

IWI 

10 

mm 

IWI 

20 

mm 

IWI 

SAP 9.9 8.9 8.3 9.8 9.1 8.6 6.6 6.3 6.1 9.0 8.4 8.0 7.1 

Modified SAP 10.1 9.3 8.8 10.1 9.4 9.0 7.2 6.9 6.7 9.4 8.8 8.5 7.7 

Scotland SAP 11.5 10.4 9.7 11.4 10.6 10.1 7.8 7.4 7.2 10.5 9.8 9.3 8.4 

Retired Couple 12.6 11.3 10.6 12.5 11.6 11.0 8.5 8.1 7.9 11.5 10.7 10.2 9.2 

Single Working 

Person 
8.7 8.1 7.8 8.7 8.2 7.9 6.5 6.2 6.0 8.1 7.8 7.5 7.1 
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Figure 5: Modelled annual heat demand variation across all 65 modelled scenarios 
 

 

Discussion of the effect of fabric specification in heating 

requirements 

Table 9 shows a summary of the calculated reductions in 

annual heating energy requirements achieved when thin 

IWI is applied to different wall types - averaged across 

all modelled occupancy and location scenarios. 
 

Table 9: Summary of modelled annual heating demand 

reduction by fabric specification 
 

Fabric Specification 

Average Reduction in Annual 

Heating Energy Requirement 

10mm IWI 20mm IWI 

Solid Brick circa 1900 (initial 

wall U-value = 1.7W/m²K) 
9.1% 14.2% 

Unfilled Cavity (initial wall U-

value = 1.4W/m²K) 
7.0% 11.1% 

Partially Filled Cavity (initial 

wall U-value = 0.6W/m²K) 
4.6% 7.2% 

Concrete (initial wall U-value 

= 1.3W/m²K) 
6.1% 10.1% 

 

The observed trend is that thin IWI makes bigger savings 

when applied to walls with a higher initial U-value; in 

this case the solid brick wall has the highest starting U-

value and the partially filled cavity wall has the lowest. 

Discussion of the effect of occupancy & location 

scenario on heating requirements 

The greatest calculated savings are for the SAP 

occupancy profile (7.4% on average for 10mm IWI and 

11.8% on average for 20mm IWI) whilst the lowest 

calculated savings are for the single working person 

(5.4% on average for 10mm IWI and 8.5% on average 

for 20mm IWI).  

The overall findings show a consistent improvement 

regardless of scenario or location: 

 Occupancy profile: The variation in heat 

requirement by occupancy profile is less significant 

than the average reduction in heat requirement by 

construction type.  

 Location: The variation in heat requirement by 

location is relatively small compared to the average 

reduction for the construction type. The greatest 

range observed in this analysis was between 15.4% 

reduction for adding 20mm of thin IWI to a solid 

brick wall dwelling in Edinburgh to 15.9% in 

Manchester (i.e. a 0.5% difference).  

Warm-up time 

For the purposes of this analysis it was assumed that 

radiators would not be changed when thin IWI is fitted, 

therefore it would be expected that the fitting of IWI 

would result in the rooms warming up more quickly. 

To quantify this effect, the rate of temperature rise was 

analysed in the living room and master bedroom of each 

dwelling modelled. The following graphs compare the 

rate of temperature rise with no thin IWI, 10mm of IWI 

and 20mm of IWI for selected combinations of dwelling 

fabric and occupancy scenario. 

Figure 6 highlights colder starting temperatures with no 

IWI in the master bedrooms compared to 20mm of IWI. 

Inclusion of IWI reduces the heat lost through the 

external walls compared to no IWI. The master bedroom 

is above the living room, so internal conduction would 

transfer heat from the living room to the master 

bedroom. 

Figure 7 shows the living room is colder first thing in the 

morning when additional IWI is applied. The analysis 

highlights that in many cases the modelled dwellings fail 

to reach the target temperature for several hours; this 

implies that the standard method for sizing domestic 

radiators (based on steady-state heat loss calculations) 

may not be adequate to quickly achieve comfortable 

temperatures in extreme cold weather. 
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Figure 6: Modelled rate of temperature rise on 11
th

 

January for the master bedroom in the solid brick 

dwelling with the modified SAP occupancy scenario 
 

 

Figure 7: Modelled rate of temperature rise on 11th 

January for the living room in the partially filled cavity 

dwelling with the retired couple occupancy scenario 
 

The software was set-up for 60 minute reporting. The 

results show limited variation in warm-up time between 

IWI thicknesses at this time resolution. The software 

could be set-up at shorter time steps in further work to 

better resolve any differences but the benefit of this is 

currently unclear from the above discussion. 

Overheating risk assessment 

Adding IWI to a dwelling places a layer of insulation 

between the occupied space and the thermal mass of the 

external walls. This might increase the risk of spaces 

overheating in warm weather as the effectiveness of the 

thermal mass to keep the occupied space cool is reduced. 

To consider the effects of IWI on overheating risk the 

study has quantified the extent of summer-time 

overheating. This is done by analysing the amount of 

time for which the room temperatures are outside the 

targeted temperature ranges, as defined in CIBSE Guide 

A (living spaces do not exceed 28°C and that bedrooms 

do not exceed 26°C for more than 1% of their respective 

occupied periods). CIBSE Guide A 2015 provides 

similar guidance for bedrooms but is less explicit for 

living spaces. 

At the time of this study CIBSE TM59 had not been 

made public, so its criteria for overheating where not 

included in the study. It has since replaced CIBSE Guide 

A as the current UK guidance on overheating in 

dwellings. 

Figure 8 shows the number of hours that the modelled 

living rooms exceed 28°C. From this graph it can be 

seen that the addition of thin IWI causes an increase in 

the number of occupied hours over these temperatures in 

almost every case.  

On average the increase in the number of occupied hours 

over 28°C in living rooms is 3 hours per year across all 

scenarios. The greatest increase is from adding 20mm of 

IWI to the unfilled cavity for the SAP scenario which 

results in an increase from 91 hours over 28°C, for no 

IWI, up to 103 hours with 20mm IWI. This increase is 

small relative to the number of hours that the untreated 

dwelling is calculated as exceeding 28°C. 

 

 

 

Figure 8: Number of occupied hours the simulated living rooms exceed 28°C 
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The master bedrooms were found to be much less prone 

to overheating; the numbers of hours over 26°C are 

much less than for the living rooms target. This is due to 

the following factors: 

 The occupied hours of the bedroom are at night 

when the outside temperature is generally lower; 

 There are less internal gains in the bedroom; 

 Bedrooms benefit from night cooling as it was 

assumed that windows could be opened at night. 
 

 

Figure 9: Number of occupied hours the simulated master bedroom exceed 26°C 
 

 

Conclusion 

Analysis of the results shows that the installation of thin 

IWI can have the following effects: 

 Reduces the calculated space heating requirement 

compared to where no IWI has previously been 

installed, where conventional IWI is already 

installed the addition of thin IWI was not assessed. 

 10mm IWI was found to achieve a calculated 

reduction in heat energy requirements of 

between 4.4% and 10.2%. 

 20mm IWI was found to achieve a calculated 

reduction in heat energy requirements of 

between 6.7% and 15.9%. 

The greatest energy savings are achieved in cases 

where the initial wall specification is the least 

insulated and where the occupancy scenarios have 

the heating on for longer periods. 

 A small reduction in calculated warm-up times in 

the majority of cases. During the warm-up period, 

the calculated increase in temperature achieved by 

the thin IWI is less than 1°C. It is thought that this 

small temperature difference will not be noticeable 

to most occupants. 

 On average, the number of hours that the simulated 

living rooms exceed 28°C is increased by 7 

occupied hours on average per year. This increase is 

small relative to the absolute number of hours for 

which this temperature is exceeded without IWI 

installed. 

 On average, the number of hours that the simulated 

bedrooms exceed 26°C is reduced by 0.2 hours. 

None of the modelled master bedrooms exceed 

26°C for more than 12 occupied hours per year. This 

change is small relative to the absolute number of 

hours for which this temperature is exceeded. 

The reason dwellings cool down between heating 

periods is a combination of conductive heat losses and 

air exchange between inside and outside. This analysis 

has considered the effects of reducing the conductive 

heat losses. 

This analysis suggests that thin IWI can achieve up to 

57% of the saving of conventional (thicker) wall 

insulation whilst overcoming many of the challenges that 

make conventional IWI hard to deploy widely. 
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