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Installation guidelines and precautions
Only certified insulation products should be used,
and the installation and other requirements specified
in such certificates should be fully complied with. In
particular, regard should be had to the exposure
conditions under which use is certified and any
limitations on external finish associated therewith.

Guidance on minimising air gaps and infiltration in
partial-fill cavity insulation applies also to full-fill
insulation.

Similar issues regarding avoidance of thermal bridging
as for construction apply.

B.6.3 Construction W3: Timber frame
wall, brick or rendered concrete block
external leaf

B.6.3.1 W3(a) Insulation between studs

The insulation is installed between studs, whose
depth equals or exceeds the thickness of insulation
specified.

In calculating U-values, the fractional area of timber
bridging the insulation should be checked. Account
should be taken of all timber elements which fully
bridge the insulation, including studs, top and bottom
rails, noggings, timbers around window and door
openings and at junctions with internal partitions,
party walls and internal floors. In the table a
fractional area of 15% is assumed.

Installation guidelines and precautions
Air gaps in the insulation layer, and between it and
the vapour barrier, should be avoided. Insulation batts
should be friction fitted between studs to minimise
gaps between insulation and joists. Adjacent
insulation pieces should butt tightly together.
Particular care is needed to fill gaps between closely-
spaced studs at wall/wall and wall/floor junctions, and
at corners of external walls.

A vapour control layer should be installed on the
warm side of the installation. There should be no
layers of high vapour resistance on the cold side of
the insulation.

Care is required to minimise thermal bridging of the
insulation by timber noggings and other inserts. 

B.6.3.2 W3(b): Insulation between and
across studs
Where the chosen stud depth is not sufficient to
accommodate the required thickness of insulation,
insulation can be installed to the full depth between
the studs with additional insulation being provided as
an internal lining. This additional insulation may be
either in the form of plasterboard/insulation
composite board or insulation between timber
battens, to which the plasterboard is fixed. 

Diagram B13 Para. B.6.3.1
Timber frame wall, insulation 
between framing timbers

External leaf 
(brick or rendered dense
concrete block)

50 mm air cavity

Breather membrane

Sheathing board

Insulation

Vapour control layer

Plasterboard

Table B14 U-values for brick (or rendered
dense concrete block) external leaf,
timber frame inner leaf, insulation
between timber studs, plasterboard
internal finish.

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

100
125
150
175

0.39
0.33
0.29
0.25

0.36
0.31
0.27
0.23

0.34
0.28
0.24
0.21

0.31
0.28
0.24
0.21

0.28
0.23
0.20
0.18

This table is derived for walls with:

102 mm clay brickwork outer leaf (λ = 0.77), 50 mm air
cavity, breather membrane, 12 mm sheathing board (λ =
0.14), insulation between timber studs (λ= 0.13), vapour
control layer, 13 mm plasterboard  (λ= 0.25). (See Diagram
B13).

The calculations assume a fractional area of timber thermal
bridging of 15%.
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The vapour control layer should be on the warm
side of the insulation. If different types of insulation
are used between and inside the studs, the vapour
resistance of the material between the studs should
not exceed that of the material across them. 

B.6.4 Construction W4: Hollow concrete
block wall, rendered externally, internal
insulation lining with plasterboard finish.
The insulation is installed on the inner face of the

masonry walls. It may be installed between
preservative-treated timber studs fixed to the wall,
or in the form of composite boards of plaster backed
with insulation, or as a combination of these.

Installation guidelines and precautions

Air Movement

Air gaps in the insulation layer should be kept to a
minimum. If using insulation between timber studs,
there should be no gaps between insulation and
studs, between insulation and the vapour control
layer, between butt joints in the insulation, around
service penetrations, etc. If using composite boards,
they should be tightly butted at edges, and should
provide complete and continuous coverage of the
external wall.

When mounting composite boards on plaster dabs
or timber battens, there is a danger that air will be
able to circulate behind the insulation, reducing its
effectiveness. To minimise such air movement, the air
gap behind the boards should be sealed  along top
and bottom, at corners and around window and
door openings e.g. with continuous ribbon of plaster
or timber studs. 

Diagram B14 Para. B.6.4  
Hollow-block wall, internal 
insulation lining

Rendered hollow concrete
block

Insulation

Vapour control layer

Plasterboard

Table B15 U-values for brick (or rendered
dense concrete block) external leaf,
timber frame inner leaf, insulation
between 100 mm timber studs,
additional insulation, plasterboard
internal finish.

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

20
40
60
80
100

0.32
0.28
0.24
0.22
0.19

0.32
0.27
0.23
0.20
0.18

0.31
0.25
0.22
0.19
0.17

0.29
0.24
0.20
0.17
0.15

0.28
0.22
0.18
0.15
0.13

This table is derived for walls as in W3(a) above, except
with 100 mm of insulation of λ = 0.04 between 100mm
studs, and an additional layer of insulation as specified in the
table across the studs.
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Condensation

A vapour control layer (e.g. 500 gauge polythene)
should be installed on the warm side of the
insulation to minimise the risk of interstitial

condensation on the cold masonry behind the
insulation. Care should be taken to avoid gaps in the
vapour control layer at all joints, edges and service
penetrations. The location of service runs in the air
gap on the cold side of the insulation should be
avoided.

Thermal Bridging

Care should be taken to minimise the impact of
thermal bridging.  Critical locations have been
identified for construction W1. These also apply to
this construction.

Other areas where there is a risk of significant
thermal bridging include:

Junctions with solid party walls and partitions 

Internal partition or party walls of solid dense
concrete blockwork can create significant thermal
bridge effects at junctions with  single leaf masonry
external walls.  

Junctions with intermediate floors 

The external walls in the floor space of intermediate
floors should be insulated and protected against
vapour movement. Along the wall running parallel to
the joists, insulation can be placed between the last
joist and the wall. Where the joists are perpendicular
to the wall, the insulation and vapour control layer
should be continuous through the intermediate floor
space and should be carefully cut to fit around the
joist ends.

Stairs, cupboards and other fittings supported on
or abutting the external wall 

Insulation should be carried through behind such
fittings.

Ducts, e.g. Soil and vent pipe ducts, against
external walls 

Insulation should be continuous at all such ducts, i.e.
the insulation should be carried through on either
the external or internal side of such ducts. Where
the insulation is on the external side, particular care
should be taken to prevent ingress of cold external
air where ducts etc. penetrate the insulation. 

Table B16 U-values for hollow-block wall,
rendered externally, plasterboard
fixed to timber studs internally,
insulation between studs.

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

50
75
100
125
150
175
200

0.67
0,50
0.40
0.34
0.29
0.25
0.22

0.63
0.47
0.37
0.31
0.26
0.23
0.21

0.58
0.43
0.34
0.28
0.24
0.21
0.19

0.53
0.39
0.31
0.25
0.22
0.19
0.17

0.47
0.34
0.27
0.23
0.19
0.17
0.15

Table B17 U-values of hollow-block wall,
rendered externally, composite
insulation/ plasterboard internally,
fixed to timber battens [or plaster
dabs]

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

40
50
60
70
80
90
100
110
120
130
140
150

0.63
0.55
0.48
0.43
0.39
0.35
0.32
0.30
0.28
0.26
0.25
0.23

0.58
0.50
0.44
0.39
0.35
0.32
0.29
0.27
0.25
0.23
0.22
0.21

0.52
0.45
0.39
0.34
0.31
0.28
0.26
0.24
0.22
0.20
0.19
0.18

0.46
0.39
0.34
0.30
0.26
0.24
0.22
0.20
0.19
0.17
0.16
0.15

0.39
0.32
0.28
0.25
0.22
0.20
0.18
0.16
0.15
0.14
0.13
0.12

These tables are derived for walls with:

19 mm external rendering (λ = 1.00), 215 mm hollow concrete

block (thermal resistance = 0.21 W/m2K), insulation fixed as

stated, vapour control layer, 13 mm plasterboard (λ = 0.25).

(See Diagram B14).

The calculations assume a fractional area of timber thermal

bridging of 12% or plaster dab thermal bridging of 20%. as

appropriate of 8%. 
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FLOOR CONSTRUCTIONS

B.7.1 Construction F1: Ground floor :
concrete slab-on-ground. Insulation under
slab or under screed
For continuous and uniform insulation under the full
ground floor area, the insulation thickness required
to achieve prescribed U-values for slab-on-ground
floors are given below. These tables apply whether
the insulation is located under the slab or under the
screed.

Table B18 allows estimation of the U-value of an
insulated floor from the ratio of the length of
exposed perimeter to floor area and the thermal
resistance of the applied insulation. Table B19 gives
the thickness of insulation required to achieve a
given U-value when the ratio of exposed perimeter
to floor area and the thermal conductivity of the
material is known. Both tables are derived for
uniform full-floor insulation, ground conductivity of
2.0 W/m2K and full thickness of walls taken to be 0.3m.

Installation guidelines and precautions
The insulation may be placed above or below the
dpm/radon barrier. The insulation should not absorb
moisture and, where placed below the dpm/radon
barrier, should perform well under prolonged damp
conditions and should not be degraded by any
waterborne contaminants in the soil or fill.

The insulation should have sufficient load-bearing
capacity to support the floor and its loading. 

The insulation is laid horizontally over the whole
area of the floor. Insulation boards should be tightly
butted, and cut to fit tightly at edges and around
service penetrations.

Diagram B15 Para. B.7.1
Concrete slab-on-ground floor, insulation
under slab

Damp proof membrane. Where radon
barrier required, ensure correct detailing
to prevent passage of radon gas into
dwelling - See TGD C.

Concrete screed
(optional)

Concrete floor slab

Insulation

Diagram B16 Para. B.7.1 
Concrete slab-on-ground floor, insulation
under screed

Screed

Insulation

Damp proof
membrane

Concrete floor slab

Where radon barrier required, ensure
correct detailing to prevent passage of
radon gas into dwelling - See TGD C.
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Care should be taken to prevent damage or
dislodgement of insulation during floor laying. If the
dpm is placed below the insulation, the joints
between insulation boards should be taped to
prevent wet screed from entering when being
poured. If the slab/screed is power-floated, the
exposed edges of perimeter insulation should be
protected during power-floating, e.g. by boards, or

the areas close to the edge of the floor should be
hand trowelled.

Thermal bridging at floor-wall junctions should be
minimised.

With cavity walls, thermal bridging via the inner leaf
is difficult to avoid, but adequate provision to limit it
should be made. 

Table 18: U-value of insulated ground floor as a function of floor area, exposed 
perimeter and thermal resistance of added insulation (Uins).

Exposed Perimeter/Area
(P/A) Thermal Resistance of Added Insulation   

(m-1) [Rins] (m2K/W)

0.75 1.0 1.25 1.5 1.75 2.0 2.25 2.5 2.75 3.0 3.5 4.0

1.00 0.66 0.57 0.50 0.44 0.40 0.36 0.33 0.31 0.28 0.27 0.23 0.21

0.90 0.64 0.55 0.48 0.43 0.39 0.36 0.33 0.30 0.28 0.26 0.23 0.21

0.80 0.62 0.54 0.47 0.42 0.38 0.35 0.32 0.30 0.28 0.26 0.23 0.21

0.70 0.59 0.52 0.46 0.41 0.37 0.34 0.31 0.29 0.27 0.25 0.23 0.20

0.60 0.57 0.50 0.44 0.40 0.36 0.33 0.31 0.28 0.27 0.25 0.22 0.20

0.50 0.53 0.47 0.42 0.38 0.35 0.32 0.30 0.27 0.26 0.24 0.22 0.19

0.40 0.48 0.43 0.39 0.36 0.33 0.30 0.28 0.26 0.25 0.23 0.21 0.19

0.30 0.43 0.39 0.35 0.32 0.30 0.28 0.26 0.24 0.23 0.22 0.20 0.18

0.20 0.35 0.32 0.30 0.28 0.26 0.24 0.23 0.22 0.21 0.20 0.18 0.16

Table B19 Concrete slab-on-ground floors:
Insulation thickness required for U-
value of 0.25 W/m2K.

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

10
64
88
100
110
116
120
123
126
128

8
56
77
88
96
101
105
108
110
112

7
48
66
75
82
87
90
93
94
96

6
40
55
63
69
72
75
77
79
80

5
32
44
50
55
56
60
62
63
64
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B.7.2 Construction F2: Ground floor :
suspended timber floor, insulation
between joists.

Installation guidelines and precautions
Where mineral wool quilt insulation is used, the
insulation is supported on polypropylene netting or a
breather membrane draped over the joists and held
against their sides with staples or battens. The full
thickness of insulation should extend for the full
width between joists. Insulation should not be
draped over joists, but cut to fit tightly between
them. 

Alternatively, rigid or semi-rigid insulation boards,
supported on battens nailed to the sides of the
joists, may be used.

Thermal bridging, and air circulation around the
insulation from the cold vented air space below,
should be minimised. The insulation should fit tightly
against the joists and the flooring above. Careful
placement of supporting battens (or staples) is
required to achieve this. At floor-wall junctions the
insulation should extend to the walls. The space
between the last joist and the wall should be packed
with mineral wool to the full depth of the joist.
Where internal wall insulation is used, the floor and

Diagram B17 Para. B.7.2
Suspended timber floor with quilt insulation

Timber flooring

Insulation
between joists

Ventilated
subfloor

Note:  Where radon barrier required,
ensure correct detailing to prevent passage
of radon gas into dwelling - See TGD C.

Diagram B18 Para. B.7.2
Suspended timber floor with rigid or 
semi-rigid board insulation

Timber flooring

Insulation
between joists

Ventilated
subfloor

Note:  Where radon barrier required,
ensure correct detailing to prevent passage
of radon gas into dwelling - See TGD C.

Table B20 Suspended timber ground floors:
Insulation thickness required for 
U-value of 0.25 W/m2K.

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

39
96
117
128
135
139
143
146
148
150

35
87
106
116
122
126
129
132
134
135

31
77
94
103
109
113
116
118
120
121

27
68
83
91
96
99
102
104
105
107

23
58
71
78
82
86
88
89
91
92

This table is derived for:

Suspended floor consisting of 20 mm timber
flooring (λ = 0.13) on timber joists (λ = 0.13), with
insulation between the joists. Ventilated sub-floor
space underneath. (See Diagrams B17 and B18).

A fractional area of timber thermal bridging of 11%
is assumed.
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wall insulation should meet. Where cavity insulation
is used, the floor insulation should be turned down
on the internal face and overlap the cavity insulation,
or insulating blocks used in the wall at this level.

Cross-ventilation should be provided to the sub-
floor space to remove moisture. 

Water pipes in the sub-floor space should be
insulated to prevent freezing.

B.7.3 Construction F3: Ground floor :
suspended concrete floor

Installation guidance and precautions
If the walls are internally insulated, it is
recommended that the floor insulation be placed
above the floor structure, since it can then connect
with the wall insulation. Thermal bridging at the
floor-wall junction is difficult to avoid when insulation
is placed below the floor structure.

If the walls are cavity insulated, floor insulation can
not connect with wall insulation, so some thermal
bridging is inevitable. It can be minimised by using
insulating blocks for the inner leaf between
overlapping floor and wall insulation. Insulation and
insulating blocks may be either above or below the
floor structure, but above is recommended. This will
allow the use of less dense blocks (of lower thermal
conductivity), since they will not have to support the
weight of the floor. Also, above the structure they
will be above the dpc, where their lower moisture
content will give a lower thermal conductivity than
below the dpc. Heat loss from the floor can be
further reduced by extending the cavity insulation
down to, or below, the lower edge of the suspended
floor.

Diagram B19 Para. B.7.3  
Suspended reinforced concrete floor,
internally insulated walls

Floor screed

Insulation

Suspended
concrete floor
slab

Diagram B20 Para. B.7.3 
Suspended beam and block floor

Floor screed

Insulation

Beam and
block floor

Table B21 Suspended concrete ground floors:
Insulation thickness required for U-
value of 0.25 W/m2K.

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

19
69
87
96
102
106
109
112
114
115

17
60
76
84
89
93
96
98
99
101

14
52
65
72
77
80
82
84
85
86

12
43
54
60
64
67
69
70
71
72

10
35
44
48
51
53
55
56
57
58

This table is derived for floors with:

65 mm screed (λ = 0.41) on insulation on 150 mm cast

concrete (λ= 2.20). Full thickness of walls = 0.3 m, U-value

of sub-floor walls: 2 W/m2K. Height of floor surface above

ground level: 0.3 m. (See Diagrams B19 and B20).

Unventilated sub-floor crawl space underneath.
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B.7.4 Construction F4: Exposed floor:
timber joists, insulation between joists

Installation guidance and precautions
The flooring on the warm side of the insulation
should have a higher vapour resistance than the
outer board on the cold side. If necessary, a vapour
check should be laid across the warm side of the
insulation.  Methods of avoiding thermal bridging at
junctions with internally insulated and cavity insulated
walls are similar to those described for suspended
timber ground floors above.

Diagram B21 Para. B.7.4
Exposed timber floor, insulation between joists

Timber flooring

Insulation
between joists

Plasterboard
or similar

Table B22 U-values for exposed timber floors,
insulation between timber joists,
plasterboard finish.

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

100
120
140
160
180
200

0.41
0.35
0.31
0.27
0.25
0.22

0.37
0.32
0.28
0.25
0.22
0.20

0.34
0.29
0.25
0.23
0.20
0.19

0.31
0.26
0.23
0.20
0.18
0.17

0.27
0.23
0.20
0.18
0.16
0.15

This table is derived for floors with:

20 mm timber flooring (λ = 0.13), insulation as specified in

table between timber joists (λ = 0.13) of equal depth, 13 mm

plasterboard (λ = 0.25). The calculations assume a fractional

area of timber thermal bridging of 11%. (See Diagram B21) )
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B.7.5 Construction F5: Exposed floor:
solid concrete, insulation external

Installation guidance and precautions 
If the walls are internally insulated, this floor
construction is not recommended. Floor insulation
should instead be located internally in order to
connect with the wall insulation.

With cavity wall insulation, thermal bridging may be
minimised by supporting the external leaf
independently, and continuing the external floor

insulation around the edge beam to connect with the
cavity insulation as shown in Diagram B22.

Diagram B22 Para. B.7.5
Exposed concrete floor, external insulation

Floor screed 

Concrete floor

Insulation
continued around
edge beam

Table B23 U-values for exposed concrete floors,
external insulation, external render

Total
Thickness of
insulation
(mm)

Thermal conductivity of insulation (W/m K)

0.040 0.035 0.030 0.025 0.020

U-Value of construction (W/m2K)

60
80
100
120
140
160

0.54
0.42
0.35
0.30
0.26
0.23

0.48
0.38
0.31
0.26
0.23
0.20

0.42
0.33
0.27
0.23
0.20
0.18

0.36
0.28
0.23
0.19
0.17
0.15

0.30
0.23
0.19
0.16
0.14
0.12

This table is derived for floors with:

150 mm cast concrete (λ = 1.35), insulation, 20 mm external

render. (See Diagram B22).
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Table B24: Indicative U-values (W/m2K) for
windows, doors and roof windows
The values apply to the entire area of the window
opening, including both frame and glass, and take
account of the proportion of the area occupied by
the frame and the heat conducted through it.  If the
U-value of the components of the window (glazed
unit and frame) are known, window U-values may
alternatively be taken from the tables in Annex F of
I.S. EN ISO 10077-1, using the tables for 20% frame
for metal-framed windows  and those for 30% frame
for wood or PVC-U framed windows.

When available, the manufacturer's certified U-values
for windows or doors should be used in preference
to the data in this table. Adjustments for roof indows
should be applied to manufacturer's window U-
values unless the manufacturer provides a U-value
specifically for a roof window.

Table B24 Indicative U-values (W/m2K) for windows, doors and rooflights

Type of frame

Window with wood or PVC-U Window with metal 
frame (use adjustment in Note 1) frame with 4mm 

thermal break
(use adjustments in 

Note 2)

6 mm 12 mm 16 or 6 mm 12 mm 16 or 
gap gap more gap gap more

mm gap mm gap

double-glazed, air filled 3.1 2.8 2.7 3.7 3.4 3.3
double-glazed, air filled (low-E, Ân = 0.2, hard coat) 2.7 2.3 2.1 3.3 2.8 2.6
double-glazed, air filled (low-E, Ân = 0.15, hard coat) 2.7 2.2 2.0 3.3 2.7 2.5
double-glazed, air filled (low-E, Ân = 0.1, soft coat) 2.6 2.1 1.9 3.2 2.6 2.4
double-glazed, air filled (low-E, Ân = 0.05, soft coat) 2.6 2.0 1.8 3.2 2.5 2.3
double-glazed, argon filled 2.9 2.7 2.6 3.5 3.3 3.2
double-glazed, argon filled (low-E, Ân = 0.2, hard coat) 2.5 2.1 2.0 3.0 2.6 2.5
double-glazed, argon filled (low-E, Ân = 0.15, hard coat) 2.4 2.0 1.9 3.0 2.5 2.4
double-glazed, argon filled (low-E, Ân = 0.1, soft coat) 2.3 1.9 1.8 2.9 2.4 2.3
double-glazed, argon filled (low-E, Ân = 0.05, soft coat) 2.3 1.8 1.7 2.8 2.2 2.1
triple glazed, air filled 2.4 2.1 2.0 2.9 2.6 2.5
triple-glazed, air filled (low-E, Ân = 0.2, hard coat) 2.1 1.7 1.6 2.6 2.1 2.0
triple-glazed, air filled (low-E, Ân = 0.15, hard coat) 2.1 1.7 1.6 2.5 2.1 2.0
triple-glazed, air filled (low-E, Ân = 0.1, soft coat) 2.0 1.6 1.5 2.5 2.0 1.9
triple-glazed, air filled (low-E, Ân = 0.05, soft coat) 1.9 1.5 1.4 2.4 1.9 1.8
triple-glazed, argon filled 2.2 2.0 1.9 2.8 2.5 2.4
triple-glazed, argon filled (low-E, Ân = 0.2, hard coat) 1.9 1.6 1.5 2.3 2.0 1.9
triple-glazed, argon filled (low-E, Ân = 0.15, hard coat) 1.8 1.5 1.4 2.3 1.9 1.8
triple-glazed, argon filled (low-E, Ân = 0.1, soft coat) 1.8 1.5 1.4 2.2 1.9 1.8
triple-glazed, argon filled (low-E, Ân = 0.05, soft coat) 1.7 1.4 1.3 2.2 1.8 1.7
Windows and doors, single glazed 4.8 5.7
Solid wooden door 3.0
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Notes:
(1) For roof windows with wooden or PVC-U frames apply the following adjustments to U-values:
____________________________________________________________________________________
Wood or PVC-U frame U-value adjustment for roof window, W/m2K
____________________________________________________________________________________________

Single glazed +0.3
Double glazed +0.2
Triple glazed +0.2
____________________________________________________________________________________

(2) For windows or roof windows with metal frames apply the following adjustments to U-values:
____________________________________________________________________________________

Metal frames Adjustment to U-value, W/m2K

Window Roof window
____________________________________________________________________________________

Metal, no thermal break +0.3 +0.7
Metal, thermal break 4 mm 0 +0.3
Metal, thermal break 8 mm -0.1 +0.2
Metal, thermal break 12 mm -0.2 +0.1
Metal, thermal break 20 mm -0.3 0
Metal, thermal break 32 mm -0.4 -0.1

(3) For doors which are half-glazed (approximately) the U-value of the door is the average of the appropriate
window U-value and that of the non-glazed part of the door (e.g. solid wooden door [Uvalue of 3.0
W/m2K] half-glazed with double glazing [low-E, hard coat, argon filled, 6 mm gap, Uvalue of 2.5 W/m2K] has
a resultant U-value of 0.5(3.0+2.5) = 2.75 W/m2K).

Source: DEAP Manual Version 2.1 January 2007



65

GENERAL

C.1 This Appendix provides a set of reference
values for the parameters of a DEAP calculation,
which are used in connection with establishing an
EPC and CPC for a dwelling for the purposes of
demonstrating compliance with Regulation L2 (a) for
new dwellings. Table C1 is used to define a notional
reference dwelling of the same size, i.e. same floor
area and volume, and with the same area of opaque
fabric elements, i.e. wall, roof and floor, as a dwelling
being assessed. The total external  window, rooflight
and door area is taken to be 25% of the dwelling
floor area.

C.2 The primary energy consumption and CO2

emissions per unit floor area calculated for this
reference dwelling are used to calculate the primary

energy performance coefficient (EPC) and carbon
performance coefficient (CPC) respectively for a
dwelling being assessed.  These, in turn are compared
to the MPEPC and MPCPC in order to demonstrate
compliance for the dwelling being assessed.

C.3 The main heating system for space and water
heating in the reference dwelling is assumed to be
natural gas, while the secondary system is assumed
to be an open fire. Some 10% of space heating is
assumed to be provided by the secondary heating
method.

Appendix C: Reference values for calculation of Maximum
Permitted Energy Performance Coefficient (MPEPC) and
Maximum Permitted Carbon Performance Coefficient (MPCPC)

Table C1 Reference Values

Element or system Specifications

Total floor area, and dwelling volume

Opening areas (windows and doors)

Walls 

Roof

Floor

Opaque door

Windows and glazed doors

Living area fraction

Shading and orientation

Number of sheltered sides

Same as actual dwelling

25% of total floor area, or sum of exposed roof and wall
area, whichever is the lesser
The above includes one opaque door of area 1.85 m2,
any other doors are fully glazed

U = 0.27 W/m2K
Area : Total wall area including windows and doors to
be the same as actual dwelling

U = 0.16 W/m2K
Area : Total area including any roof windows to be same
as actual dwelling. 

U = 0.25 W/m2K
Area : same as actual dwelling

U = 3.0 W/m2K

U = 2.2 W/m2K
Double glazed, low-E hard coat
Frame factor 0.7
Solar energy transmittance 0.72
Light transmittance 0.80

Same as actual dwelling

All glazing oriented E/W; average overshading

2
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Table C1 (contd...) Reference Values

Element or system Specifications

Allowance for thermal bridging

Internal heat capacity category

Ventilation system

Air permeability

Chimneys

Open flues

Extract fans

Draught lobby

Primary heating fuel (space and water)

Heating system

Boiler

Heating system controls

Hot water system

Hot water cylinder

Primary water heating losses

Secondary space heating

Low energy light fittings

0.11 x total exposed surface area (W/K) 

Medium

Natural ventilation with intermittent extract fans

Infiltration due to structure = 0.5 ac/h

One

None

3 for dwellings with floor area greater than 100 m2,
2 for smaller dwellings

None

Mains gas

Boiler and radiators 
water pump in heated space

Seasonal efficiency 78%
room-sealed
fanned flue

Programmer + room thermostat + TRVs
boiler interlock

Stored hot water, heated by boiler
separate time control for space and water heating

120 litre cylinder insulated with 35 mm of factory
applied foam

Primary pipework uninsulated
cylinder temperature controlled by thermostat

Open fire

None
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Appendix D: Thermal Bridging at Junctions and Around 
Openings  

D.1 This Appendix deals with the assessment of
discrete thermal bridging not taken account of in the
calculation of the U values of plane building
elements, e.g. at junctions and around openings such
as doors and windows. It gives guidance on 

• avoidance of mould growth and surface
condensation, and

• limiting factors governing additional heat losses.

The guidance is based primarily on “BRE IP 1/06:
Assessing the effects of thermal bridging at junctions and
around openings”. 

D.2 Mould Growth and Surface Condensation
The key factor used in assessing the risk of mould
growth or surface condensation in the vicinity of
thermal bridges is the temperature factor (fRsi).
The temperature factor (fRsi) is defined as follows:

The temperature factor (fRsi) is defined as follows:
fRsi = (Tsi – Te) / (Ti – Te)

where:
Tsi = minimum internal surface 

temperature,
Te = external temperature, and
Ti = internal temperature.

For dwellings, the value of fRsi should be greater than
or equal to 0.75, so as to avoid the risk of mould
growth and surface condensation. For three-
dimensional corners of ground floors this value may
be reduced to 0.70, for all points within 10 mm of
the point of lowest fRsi.

D.3 Linear Thermal Transmittance and
Additional Heat Loss
The linear thermal transmittance (ψ) describes the
heat loss associated with a thermal bridge. This is a
property of a thermal bridge and is the rate of heat
flow per degree per unit length of bridge that is not
accounted for in the U-values of the plane building
elements containing the thermal bridge.  The linear
transmission heat loss coefficient associated with
non-repeating thermal bridges is calculated as:

HTB = Σ(Lx ψ) (W/m2K)

where L is the length of the thermal bridge over
which ψ applies.

D.4 Calculation procedures
The calculation procedure to establish both
temperature factor (fRsi) and the linear thermal
transmittance (ψ) is outlined in BRE IP 1/07. Details
should be assessed in accordance with the methods
described in IS EN ISO 10211 Parts 1 and 2. These
calculations of two dimensional or three dimensional
heat flow require the use of numerical modeling
software. To be acceptable, numerical modeling
software should model the validation examples in IS
EN ISO 10211 with results that agree with the stated
values of temperature and heat flow within the
tolerance indicated in the standard for these
examples. Several packages are available that meet
this requirement.

Detailed guidance on decisions regarding specific
input to the modeling software and the
determination of certain quantities from the output
of the software is contained in BRE Report BR 497
Conventions for calculating linear thermal transmittance
and temperature factors. This guidance should be
followed in carrying out modeling work so that
different users of the same software package and
users of different software packages can obtain
correct and consistent results.

Note 1: For these junctions, half the value of ψ is applied to

each dwelling

Note 2: Refers to an externally supported balcony (the balcony

slab is not a continuation of  the floor slab)

Table D1 Target linear thermal 
transmittance (ψψ) for 
different types of junctions.

Junction detail in external wall Linear
Thermal
Transmittance
(ψψ) (W/mK)

Steel lintel with perforated steel base plate
Sill
Other lintels (including other steel lintels)
Jamb
Ground floor
Intermediate floor within a dwelling
Intermediate floor between dwellings1

Balcony within a dwelling2

Balcony between dwellings1, 2

Eaves (insulation at ceiling level)
Eaves (insulation at rafter level)
Gable (insulation at ceiling level)
Gable (insulation at rafter level)
Corner (normal)
Corner (inverted)
Party wall between dwellings1

0.50
0.04
0.30
0.05
0.16
0.07
0.14
0.00
0.04
0.06
0.04
0.24
0.04
0.09
-0.09
0.06
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D.5 Values of linear thermal transmittance
(ψψ) 
Table D1 sets out a set of target values for typical
key thermal bridges encountered in dwellings.
Thermal bridges which are in accordance with those
contained “Accredited Details”  (downloadable from
Department of Communities and Local Government
(London)website www. Communities.gov.uk) or the
document “Limiting Thermal Bridging and Air Infiltration
– Acceptable Construction Details” (to be published)
satisfy these target values.

D.6 Treatment of Thermal Bridging in DEAP
calculation
Heat loss through thermal bridging is taken account
of in the DEAP calculation. Two alternative methods
of accounting for heat loss are possible

(a) Heat loss through thermal bridging can be
accounted for in terms of a fraction (y)
multiplied by the exposed surface area of the
building. Where the linear thermal
transmittance (ψ) of all the construction
details used are known to meet the target
values set out in Table D1, or are shown by
calculation to meet these values, the value of
(y) can be taken as 0.8. Where this is not the
case, but this method of accounting for
thermal bridging is used, the default value of (y)
of is taken to be 0.15.

(b) Values of ψ can be determined from the
results of numerical modeling, or they can be
derived from measurement. The linear
transmission heat loss coefficient (HTB) can
then be calculated directly and included in the
DEAP calculation.  

The approach adopted is fully explained in the DEAP
manual.
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Appendix E: Achieving Compliance with 
respect to EPC and CPC

E1 The following table gives a set of
specifications which are calculated to achieve
compliance for a typical 126 m2 semi-detached
house. Compliance with this requirement could also
be achieved by a number of other combinations of
measures.

Table E1 Example Dwellings

Element or system Specifications

Dwelling size and shape

Opening areas (windows and doors)

Walls

Roof

Floor

Opaque door

Windows and glazed doors

Living area fraction

Shading and orientation

Number of sheltered sides

Allowance for thermal bridging at element junctions

Internal heat capacity category

Ventilation system

Air permeability

Chimneys

Open flues

Extract fans

Semi-detached house, two-storey
Overall internal dimensions: 7 m wide x 9 m deep x 5.1
m high
Total floor area 126 m2

Rectangular shape with no irregularities

25% of total floor area
The above includes one opaque door of area 1.85 m2,
any other doors are fully glazed

U = 0.25 W/m2K
e.g. cavity wall with 100 mm insulation of conductivity
0.03 W/m K in cavity

U = 0.15 W/m2K
e.g. 270 mm insulation of conductivity 0.04 W/m K,
between and over ceiling joists

U = 0.20 W/m2K
e.g. Slab-on-ground floor with 100 mm insulation of
conductivity 0.03 W/m K

U = 3.0 W/m2K

Double glazed, low E (En = 0.05, soft coat) 16mm gap,
argon filled, wood frames
(U = 1.7 W/m2K, solar transmittance = 0.63)

25% of total floor area

All glazing oriented E/W; average overshading

2

0.08 x total exposed surface area (W/m2K)

Medium

Natural ventilation with intermittent extract fans

Infiltration due to structure = 0.4 ac/h

None

None

3
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E.2 The standardized primary energy
consumption and CO2 emissions for space heating,
water heating, ventilation and lighting for this
dwelling, as calculated by DEAP, are given in Table E2,
expressed per m2 of floor area per annum. The table
shows that the calculated EPC just complies with the
MPEPC requirement of 0.60, and the CPC complies
with the MPCPC requirement of 0.69 with a margin
to spare.

If the boiler ran on heating oil rather than mains gas,
and the secondary heater on bottled LPG, with the
same efficiencies as above, the dwelling would be
slightly outside compliance. Compliance may be
achieved, for example, by improving the roof U-value
from 0.15 to 0.13. The results following this change
are also shown in the Table E2.

Table E1 (contd...) Example Dwelling

Element or system Specifications

Draught lobby

Primary heating fuel (space and water)

Heating system

Boiler

Heating system controls

Hot water system

Primary water heating losses

Secondary space heating

Low energy light fittings

None

Mains gas

Boiler and radiators
water pump in heated space

Mains gas condensing boiler, seasonal efficiency 90%,
room-sealed, fanned flue

Programmer + room thermostat + TRVs,
boiler interlock

Solar water heating system with flat plate collector of
aperture area = 3.8 m2, η0 = 0.8, a1 = 5.0 W/m2 K, facing
SE/SW at 30 degrees and unshaded, twin coil cylinder
250 litre with 75 mm insulation

Remainder of demand met by space heating boiler,
separate time control for space and water heating,
cylinder temperature controlled by thermostat

Insulated primary pipework between boiler and cylinder

Gas fire, closed front, fan assisted, balanced flue –
efficiency 72%

75%

Table E2 Example Dwelling - Results

Dwelling
heated by
mains gas

Dwelling
heated by oil
(with
secondary
heating by
LPG)

Primary energy
[kWh/m2 yr]

90 90

CO2 emissions
[kg/m2 yr]

18 22

EPC 0.60 0.60

CPC 0.55 0.68
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Standards and Other References

Standards referred to:
I.S. 161: 1975 Copper direct cylinders for domestic
purposes.
I.S. 325-1: 1986 Code of Practice for use of masonry
- part 1: Structural use of unreinforced masonry.
I.S. EN 1745: 2002 Masonry And Masonry Products -
Methods for determining Design Thermal Values. 
I.S. EN ISO 6946: 1997 Building components and
building elements –Thermal resistance and thermal
transmittance – Calculation method Amd 1 2003. 
I.S. EN ISO 8990: 1997 Thermal insulation –
Determination of steady-state thermal transmission
properties – Calibrated and guarded hot box.
I.S. EN ISO 10077-1: 2001 Thermal performance of
windows, doors and shutters – Calculation of
thermal transmittance – Part 1: simplified method. 
I.S. EN 10077-2: 2000 Thermal performance of
windows, doors and shutters – Calculation of
thermal transmittance – Part 2: Numerical methods
for frames.
I.S. EN ISO 10211-1: 1996 Thermal bridges in
building construction – heat flows and surface
temperatures. Part 1 general calculation methods. 
I.S. EN ISO 10211-2: 2001 Thermal bridges in
building construction – heat flows and surface
temperatures. Part 2 linear thermal bridges.
I.S. EN ISO 10456: 2000 Building materials and
products - procedures for determining declared and
design thermal values. 
I.S. EN 12524: 2000 Building materials and products –
Hygrothermal properties – Tabulated design values. 
I.S. EN ISO 12567-1: 2001 Thermal performance of
windows and doors – Determination of thermal
transmittance by hot box method – Part 1: Complete
windows and doors.
I.S. EN ISO 13370: 1999 Thermal performance of
buildings – Heat transfer via the ground – Calculation
methods.
I.S. EN ISO 13789: 2000 Thermal Performance of
Buildings – Transmission Heat Loss Coefficient –
Calculation Method.
I.S. EN 13829: 2000 Thermal Performance of
Buildings: Determination of air permeability of
buildings: fan pressurisation method.
BS 747: 2000 Reinforced bitumen sheets for roofing
– Specification.
BS 1566 Part 1: 2002 Copper indirect cylinders for
domestic purposes, open vented copper cylinders.
Requirements and test methods.
BS 5422 : 2001 Method for specifying thermal
insulating materials for pipes, tanks, vessels, ductwork

and equipment (operating within the temperature
range - 400C to + 7000C).
BS 8206 Part 2: 1992 Lighting for buildings. Code of
practice for daylighting.

Other Publications referred to:
BRE Digest 465, U-values for light steel frame
construction, BRE, 2002.
BRE Information Paper 1/06 Assessing the effects of
thermal bridging at junctions and around openings,
BRE, 2001.
BRE Information Paper 10/02, Metal cladding:
assessing the thermal performance of built-up
systems using ‘Z’ spacers, BRE, 2002
BRE Report BR 262, Thermal Insulation: avoiding
risks, BRE, 2001
BRE Report BR 364, Solar shading of buildings, BRE,
1999
BRE Report BR 443, Conventions for U-value
Calculations, BRE, 2002.
BRE Report BR 497, Conventions for calculating
linear thermal transmittance and temperature
factors, BRE, 2007
CIBSE Guide A: Environmental Design - Section 3:
Thermal Properties of Buildings and Components,
CIBSE, 1999
CIBSE TM 23: Testing Buildings for Air Leakage,
CIBSE, 2000
Chris Knights and Nigel Potter, Airtightness Testing
for New Dwellings, A BSRIA Guide ,BSRIA, 2006
Domestic Energy Assessment Procedure (DEAP) SEI
2006 (www.sei.ie)
Good Practice Guide 268, Energy efficient ventilation
in dwellings – a guide for specifiers, 2006
Home-heating Appliance Register of Performance
(HARP) database, SEI (www.sei.ie/harp).
Heating and Domestic Hot Water Systems for
dwellings – Achieving compliance with Part L (to be
published).
Limiting Thermal Bridging and Air Infiltration –
Acceptable Construction Details (to be published)
MCRMA Technical Paper No. 14, Guidance for the
design of metal roofing and cladding to comply with
Approved Document L2:2001, The Metal Cladding
and Roofing Manufacturers Association, 2002
SCI Technical Information Sheet 312, Metal cladding:
U-value calculation - assessing thermal performance
of built-up metal roof and wall cladding systems using
rail and bracket spacers, The Steel Construction
Institute, 2002
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SI. No. 260 of 1994, European Communities
(Efficiency requirements for hot water boilers fired
with liquid or gaseous fuels) Regulations, 1994, The
Department of Transport, Energy and
Communications, 1994

Other Useful Standards and Publications
IS EN 14785: 2006  Residential space heating
appliances fired by wood pellets - requirements and
test methods 
I.S. EN 303-5: 1999 Heating boilers - heating boilers
for solid fuels, hand and automatically stoked,
nominal heat output of up to 300 kw - terminology
requirements, testing and marking
Pr EN 15270: Pellet burners for small heating boilers
- Definitions, requirements, testing, marking
(Expected to be adopted as IS EN 15270 in 2008)
IS EN 12975-1: 2006 Thermal solar systems and
components - solar collectors - part 1: general
requirements 
IS EN 12975-2: 2006 Thermal solar systems and
components - solar collectors - part 2: test methods 
IS EN 12976-1: 2006 Thermal solar systems and
components - factory made systems - part 1: general
requirements
IS EN 12976-2 : 2006 Thermal solar systems and
components - factory made systems - part 2: test
methods
IS ENV 12977-1: 2001 Thermal solar systems and
components - custom built systems - part 1: general
requirements
IS ENV 12977-2 : 2001 Thermal solar systems and
components - custom built systems - part 2: test
methods
ISO 9806-1: 1994 Test methods for solar collectors -
- part 1: thermal performance of glazed liquid heating
collectors including pressure drop 
ISO 9806-2: 1995 Test methods for solar collectors -
- part 2: qualification test procedures
ISO 9806-3: 1995 Test methods for solar collectors -
- part 3: thermal performance of unglazed liquid
heating collectors (sensible heat transfer only)
including pressure drop
IS EN 14511-1: 2004 Air conditioners, liquid chilling
packages and heat pumps with electrically driven
compressors for space heating and cooling - part 1:
terms and definitions 

IS EN 14511-2 :2004 Air conditioners, liquid chilling
packages and heat pumps with electrically driven
compressors for space heating and cooling - part 2:
test conditions 
IS EN 14511-3: 2004 Air conditioners, liquid chilling
packages and heat pumps with electrically driven
compressors for space heating and cooling - part 3:
test methods 
IS EN 14511-4: 2004 Air conditioners, liquid chilling
packages and heat pumps with electrically driven
compressors for space heating and cooling - part 4:
requirements
I.S. EN 12664: 2001 Thermal performance of building
materials and products – Determination of thermal
resistance by means of guarded hot plate and heat
flow meters method – Dry and moist products of
low and medium thermal resistance.
I.S. EN 12667: 2001 Thermal performance of building
materials and products – Determination of thermal
resistance by means of guarded hot plate and heat
flow meters method – Products of high and medium
thermal resistance.
I.S. EN 12828: 2003 Heating systems in buildings -
design for water-based heating systems.
I.S. EN 12939: 2001 Thermal performance of building
materials and products – Determination of thermal
resistance by means of guarded hot plate and heat
flow meters method – Thick products of high and
medium thermal resistance.
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