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Introduction

It’s all in the detail. And attention to detail is key to successful design and delivery of 
quality homes. Lack of attention to detail leads to critical errors that affect the 
performance of new homes. This book is an attempt to rectify some of these 
performance issues to help designers and contractors reduce this performance and 
quality gap so that we can consistently deliver better homes.

Better homes have low energy use, good thermal comfort and excellent indoor air 
quality. Studies by the Zero Carbon Hub, Innovate UK and others show that the 
majority of newly built homes are failing to meet their required performance. The 
underlying reason for this failure is that energy effi ciency, comfort and indoor air 
quality are diffi cult to check.

The home buyer cannot see the quality of the inner construction, elements that directly 
infl uence their heating bills, indoor air quality and comfort. Thermal performance is 
unlikely to attract customers and therefore it is not high on the list for housebuilders to 
engage with. All of the 300 homes in the Zero Carbon Hub inspections (2012–2016) 
and Innovate UK BPE study (2016) failed to meet their intended performance when 
tested. The majority were short of Part L and Part F of the Building Regulations by a 
signifi cant margin (50% or more).

Common failings uncovered in this study are highlighted in the Builders’ Book, 
Services Guide and the Thermal Bridging Guide (Zero Carbon Hub 2016) and 
include unaccounted thermal bridging, thermal bypass, uncontrolled air leakage and 
poorly designed, installed and commissioned building services. The evidence showed 
many minor errors that have a signifi cant impact on performance. An example is 
shown in Figures 0.1 and 0.2, where the installation of the window differed by 50 mm 
and reduced the performance of the junction by 140%.1

The combined result of these failures is poorly performing homes. This book highlights 
such common failings and offers solutions for design and construction of homes that 
do what they should be doing: providing a low-energy, healthy environment to live in.

thermal bridge is 140% 
worse than design 
(30 mm overlap with 
cavity insulation) 

window 
positioned too 
close to external 
face

INSIDEwindow 
reveal

cold spot

Figure 0.1
No overlap of 
window and cavity 
creates a thermal 
bridge (below left).

Figure 0.2
Thermal bridge 
example 2 (below 
right).



4

DESIGNED TO PERFORM

Environmental response
(passive design)

Form 
(compact shape)

Fabric 
(enhanced)

Services
(effi  cient)

The energy performance hierarchy (Figure 0.3) illustrates that orientation and form 
have the largest impact on the performance of a home and are determined by a range 
of factors to meet the brief and function. Form responds to environmental context, but 
this is normally secondary to other planning considerations such as height, density, 
house type, vernacular style and design constraints such as existing roads, buildings, 
noise sources and conservation areas. As the form is normally decided according to 
these site-specifi c constraints, this book focuses on making improvements to the last 
two parts of the performance hierarchy – fabric and services, which are common to all 
new homes. This is where the largest performance gap lies, and where the largest 
improvements can be made. 

Chapter 1 examines the gap between design and as-built performance and highlights 
common areas that designers and builders need to engage with. It also takes a 
strategic view on ways industry and government can improve the performance of 
new-build housing. Chapter 2 describes current performance standards, and the 
principles of a thermally effi cient building envelope. It summarises good practice, 
detailing principles applicable to all construction methods. 

Chapters 3 to 7 highlight different construction types common for new homes and 
key areas of the thermal envelope that often are problematic. The drawings show 
potential solutions that will help designers and contractors improve the performance. 
These chapters look at each construction fabric in turn, starting with the most 
common in the UK and fi nishing with the least common yet more innovative 
methods. 

All photos were taken by the author on live construction sites except where noted. 
The detail drawings of good practice show a fabric-fi rst approach that meets and 
exceeds Part L 2016 of the Building Regulations and is likely to comply with future 
versions of Part L and higher standards such as Passivhaus and zero-energy buildings. 
All details have been built and checked for buildability and compliance on site. Some 
of the details are compatible with the Passivhaus standard and have been noted as 
such. The diagrams can directly inform the architect’s own detail drawings of the 
building envelope. The construction principles in this book will be valuable to all 
those who are seeking to design better performing thermal envelopes. In particular it 
addresses thermal bridging, thermal bypass, airtightness, buildability and site issues. 

Applying the principles of reduced thermal bridging and improved airtightness to all 
elements of the building will signifi cantly reduce the heat demand, associated heating 
bills and overall CO2 emissions. The book highlights the typical construction junctions and 

Figure 0.3
Energy 
performance 
hierarchy.
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typical performance given in U-values and psi-
values. The psi-values have made standard 
assumptions for the thermal resistance of materials, 
which are stated in Appendix 3.

Key details have been modelled in thermal bridging 
software to ensure minimal heat loss at the 
junctions and to provide a psi-value to aid 
designers in energy calculations (SAP). For use in 
SAP calculations, they should be recalculated with 
project-specifi c information. The psi-values have 
been calculated using THERM 7.4.3 for 2D and 
TRISCO 13.0 software for 3D models in accordance 
with BR 497. Figure 0.4 shows how U-values, 
psi-values and infi ltration combine to give the total 
heat loss of a dwelling. 

Chapter 8 examines the common mechanical and 
electrical services in new homes. The diagrams 
help improve the detailing and specifi cation of 
new homes at construction stage, and also inform 
designers of services requirements at early stage 
design. Heating and ventilation systems that are 
not installed or commissioned correctly form a 
signifi cant part of the performance gap.

Common examples of this poor design and 
installation of services are shown in Figures 0.5, 
0.6 and 0.7 (see page 6). Chapter 8 highlights 
basic performance recommendations for key 
building services to deliver their intended 
performance.

Chapter 9 concludes the book with a summary of 
how to deliver improved performance for new 
homes. Designers, contractors, policy makers and 
clients all have signifi cant roles to play in improving 
the quality of new-build homes, and this chapter 
offers some recommendations for improvement.

Chapter 10 examines the common mechanical 
and electrical services in new homes. The 
diagrams help architects to improve their detailing 
and specifi cation at construction stage, and also 
inform concept designers of services requirements 
at early stage design. The building services in new 
homes commonly fail to meet Building Regulations, 
in particular the heating and ventilation systems 
that are being installed incorrectly and not 
commissioned.3

Figure 0.4
U-values, psi-values 
and infi ltration 
combine to give 
the total heat loss 
of a dwelling.
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The Appendices include checklists for both designers and contractors based on the 
RIBA Plan of Work and traditional build sequencing. These checklists are project 
management tools, and should be adapted to suit individual project requirements and 
construction methods. It is hoped this book will offer some practical guidance to help 
professional, client and contractor teams improve the design and construction quality 
of new homes.

Figure 0.7
Flexi-duct too long 
and not supported 
means that fans 
will be noisy and 
ineffi cient.

Figure 0.5
Poorly installed 
ventilation 
ductwork in loft 
space (left). 

Figure 0.6
Uninsulated, poorly 
installed heat 
interface unit (HIU) 
(right).

ductwork not 
connected

fl exi-duct too 
long
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1
What is the performance gap?
The performance gap is the common term used for the gap between predicted and 
as-built performance. It has been demonstrated by a wealth of evidence, including a 
government-funded £8 million research programme by Innovate UK into building 
performance. In 2012, the Zero Carbon Hub was commissioned by the government to 
lead a comprehensive review of the performance gap. The report, called ‘Closing the 
Gap Between Design and As-Built Performance’ set out the ‘2020 ambition’ for 
industry to be able to demonstrate that 90% of all new homes meet the designed 
energy performance. Determining the size and origin of the gap was a key aim for the 
report, and it also highlights recommendations for industry and government to close 
the gap. The report included input from 180 organisations and experts and reviewed 
over 250 new homes on 21 sites during construction to see where the gap occurred in 
the process of housebuilding. The conclusion from the Innovate UK and the Zero 
Carbon Hub study, totalling inspections and monitoring of over 350 new homes, is that 
this gap is endemic across the industry, complex and widespread in origin and is on 
average 2.6 times worse than design predictions.

Why is it important?

A signifi cant gap in a building’s energy performance undermines its vital role in 
delivering the national carbon reduction plan, which in turn has major consequences 
for climate change and global resource depletion and major implications for national 
and international policy. It also presents signifi cant reputational dangers to industry by 
undermining consumer confi dence if energy bills are higher than anticipated. 

What can we do about it?

To answer this, the Zero Carbon Hub identifi ed three common themes across all stages 
of the housebuilding process. They are:

To reduce the performance gap, we need a change in culture across the industry to 
place greater importance on in-use energy performance. Energy performance needs to 
be valued as highly as other issues such as acoustics, fi re and access. The improvement 
in acoustic performance of new homes is a good case study in how to improve 
standards, and was done with cross-industry and government support through 
Building Regulations mechanisms such as Part E testing and Robust Details. The 
introduction of acoustic testing of new homes has dramatically improved acoustic 
performance, because the test drove associated improvement in skills, knowledge and 
standards. A similar improvement is evident is health and safety standards in the last 20 
years. The introduction of the CDM Regulations in a clear format kick-started a whole 

Chapter 1:
The performance gap and how to reduce it

1. Lack of understanding, knowledge and skills

2. Unclear allocation of responsibility

3. Inadequate communication of information
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industry and saw radical improvements in safety performance. To improve energy 
performance it will require similar investment and support over the next 10 years. Part L 
needs to be simpler and easier to use, with greater emphasis on compliance and site 
checks on delivered performance of the buildings. In combination with regulation 
change, there needs to be greater education and resources for industry professionals and 
operatives to understand building performance and their role in delivering quality. This 
lack of ‘energy literacy’ should be addressed within programmes at CITB, CIBSE, CIOB, 
FMB, ICE, and RIBA, with greater emphasis on practical education and skills. This book 
provides information on the design of better homes to reduce the performance gap 
but a signifi cant improvement will need further action from policy makers, designers 
and contractors.

What can policy makers do?

Policy makers can reduce the performance gap with the following changes:

1.  Streamline, simplify and improve compliance with Approved Document 
Part L, to include a simple but comprehensive as-built performance 
check. This will include increased building control presence on site to 
check energy performance and associated construction quality. Award 
good practice in this area with incentives such the NHBC Pride in the Job 
Awards. 

2.  Make a construction guidance web resource available to all, to share 
and improve levels of construction. Include helpful tips, user videos and 
guidance on design and installation. To include standard details and 
installation sequencing. 

3.  Improve energy literacy: Training design and site teams in energy 
effi ciency and correct installation of fabric and services to be included in 
standard training and qualifi cation routes.

These three actions would dramatically improve the quality of new homes, but will not 
happen in this competitive market unless there is greater enforcement of these 
regulations. The current energy standards in Building Regulations are overly 
complicated and rely on expert consultancy and detailed reports, rather than checks on 
site. The process and regulations need to be radically simplifi ed to allow developers 
options to demonstrate as-built performance. Building regulations need to be clarifi ed, 
with greater emphasis on compliance and site checks to improve as-built performance.

What can the designer do?

Designers can draw and specify a thermally effi cient home that will reduce the 
theoretical heat demand to meet the optimum level of the Passivhaus standard, 
10 W/m2. However, this high standard of performance can also be more diffi cult and 
expensive to build. 

To prevent this, designers must consider buildability, sequencing and supply chain with 
the contractor at an early stage, and agree a construction type most suited to 
requirements. Chapters 3 to 7 will aid these discussions and Appendix 2 is a guide for 
effective project management using the RIBA Plan of Work. A thermally effi cient building 
can be more diffi cult to build so it is crucial that designers consider buildability and 
sequencing with the site team at an early stage. 
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Designers can improve the quality of new homes by designing better performing 
building envelopes and services, encompassing the following fi ve actions:

1.  Design a simple and compact building envelope, with minimal external 
surface area, reduced complexity of detailing, continuous insulation 
and airtightness. 

2.  Reduce thermal bridging by following design guidance and carrying out 
bespoke modelling.

3.  Specify simple building services that perform as intended and are easy 
to operate and maintain.

4.  Ensure drawings and specifi cations are clear and consider construction 
sequencing, buildability and as-built performance.

5.  Ensure project team has the skills and experience to identify and deliver 
an effi cient solution. Invest in training and seek expert guidance on 
energy analysis to improve performance.

What can the contractor do?

Whilst the designer can design out many issues like thermal bridging, the responsibility 
for production lies with the main contractor, who must ensure that the design is made 
a reality. The contractor must ensure the following:

1.  Improve quality assurance on site with fi nishing foreman role on large 
sites, extra building control visits and a clerk of works to inspect quality. 

2.  Increase role and responsibility of designer on site, with better 
communication between designer and site team. Ensure design 
continuity by appointing the design team through to construction 
stage.

3.  Nominate one of the project team to be ‘energy champion’ on site, to 
be responsible for as-built energy performance. The role encompasses 
airtightness, windtightness, continuous insulation, correct building 
services and commissioning check. 

4.  Install correct products according to specifi cation and SAP. 

5.  Ensure the building services are thoroughly commissioned, especially 
ventilation, and provide information and training to residents on use 
and maintenance.

6.  Ensure subcontractors have suitable training and experience for their 
job, e.g. BPEC in ventilation. Carry out toolbox talks to emphasise 
airtightness, thermal bridges and building services commissioning. 

Contractors should refer to Appendix 1 for more detailed guidance on how to improve 
quality on site.
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It’s about quality, not just energy

Poor energy performance is symptomatic of poor design and construction quality. 
As-built energy performance is directly related to the wider aspects of construction 
quality. For example, the performance of a cavity wall will depend on a number of 
quality factors: the mortar joint quality, the cleanliness of the cavity, the tolerance of 
the insulation, the specifi cation of the block, insulation, and cavity ties. All these items 
will affect the level of acoustic, thermal, damp, life expectancy, fi re and structural 
performance. Thermal performance is a key indicator for other performance measures 
such as acoustics, airtightness, moisture movement, damp control, structural strength, 
life expectancy and fi re performance. A development that achieves good thermal 
performance requires high levels of quality assurance, that delivers good performance 
in the other criteria. 

Quality of construction should not be defi ned by the expense of fi nish e.g. gold 
standard bathroom or kitchen. It means that appropriately specifi ed materials have 
been installed correctly. For example, a window installation needs the correct window, 
accurately positioned and fi xed to the inner leaf to minimise thermal bridging and air 
leakage. The performance of the product goes hand in hand with the installation 
quality. Quality construction provides a building that meets or exceeds the brief by 
achieving a low energy, comfortable, enjoyable, robust and functional building that will 
last – a ‘sustainable’ building in its literal sense. 

The quality of new housing is a product of what the customer and regulations demand. 
Housebuilders will typically not go further than minimum regulations unless the 
customer demands it, or if there is a competitive advantage for doing so. In terms of 
energy effi ciency, this often means the minimum possible standards with very little 
compliance checks to ensure this is met. Consequently we produce homes that are 
performing considerably worse than intended.

Performance of a new home in terms of energy effi ciency, comfort and indoor air 
quality is relatively diffi cult to see and evaluate. The long term impact of poorly 
performing homes on our health, wellbeing, the environment and our pockets are 
considerable. How do we check and improve performance of new homes?

Improved quality inspection on site 

The simple answer to improve quality lies in increasing the frequency and quality of 
inspection and testing. The most effective and economical test is the 'eye-ball' test that 
is already used by many building surveyors and could be adapted to look for energy 
performance issues. A recommended ‘eye ball checklist’ is included as Appendix 1 and 
can be amended and used by anyone inspecting sites. Improving the regulation and 
inspection regime will create a level playing fi eld of required performance for developers. 
Any future regulation should give fl exibility in method with an easier process to achieve 
a higher quality as-built standard. This policy leads to improved training and 
communication in energy performance, and a virtuous circle of improved construction 
quality. 
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Chapter 2:
How to detail a thermally efficient building envelope 2

This chapter focuses on thermal performance of the fabric, but there are many 
synergies with these other factors. The building fabric and services design are the two 
key aspects of a building’s performance. A successful fabric will be thermally effi cient 
and keep the weather, pollution, fi re, noise, damp and other external factors removed 
from the internal environment. A thermally effi cient building envelope will need to be 
well built, structurally sound, airtight, weatherproof, fi re resistant and have good 
acoustic performance due to the insulation and airtightness. The attention to detail 
and quality assurance on site needed to deliver a thermally effi cient building will also 
normally lead to increased performance in other areas.

Three layers
A thermally effi cient building envelope will have three continuous layers:

1. Windtight and weathertight (outside layer)

2. Continuous insulation with no thermal bridges

3. Airtight layer (normally the inside layer)

Ensuring the continuity and robustness of these three is key to detailing a fabric that 
performs to expectations. Figure 2.1 below shows an indicative structure and orders 
the layers of airtightness, insulation and weatherproofi ng in the typical position. An 
alternative order is shown in Figure 2.4.

Figure 2.1
Typical construction 
build-up for 
thermal 
performance.

wind

rain

General Diagram

Weathertight Insulation Structure

Airtight
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Continuity of all three layers

The challenge when detailing and delivering a building is to keep the thermal envelope 
continuous. The majority of buildings in the UK have poor airtightness and signifi cant 
thermal bridges. The aim of retaining a consistent thermal line with continuous 
insulation and airtightness is often compromised by architectural design. It can also be 
compromised by a structural or services design that does not consider thermal integrity. 

Continuity of insulation and airtightness is often not prioritised when designing the 
structure and services penetrations. Certain construction types that require cladding to 
be supported with steel brackets or ties are more diffi cult to achieve continuous 
insulation and airtightness and can contribute towards poor building performance. It is 
these construction types where project teams need to concentrate on minimising the 
amount of fi xings that conduct heat through the insulation, rather than just increasing 
insulation thickness. 

Insulation layer

Part L of the Building Regulations states that buildings should be constructed to 
‘reasonably avoid thermal bridges’. These normally occur in insulation layers that have 
been bridged by a structural element or an insulation gap at junctions such as roof 
eaves, windows and fl oor. An ideal building has a continuous insulation layer around 
junctions which at no point is below two-thirds of its full thermal performance. The 
insulation value is consistent around the whole envelope and there are no thermal 
bridges. Any fi xings through the insulation layer should be minimised or thermal breaks 
need to be introduced. The designer should also consider the practicalities of installing 
the insulation in certain hard to reach areas like eaves and below ground and door 
reveals. The insulation needs to be installed tight to the structure with no air gaps.

Windtight layer

The windtight barrier protects the insulation from ‘wind washing’, which produces 
‘thermal bypass’ that hugely reduces the performance of the insulation. A common 
analogy for this diagram is a windproof jacket above your fl eece in order to protect it 
from wind that will blow away the trapped warm air in the fl eece. If you unzip the 
windproof jacket, the wind blows in and reduces the performance of the fl eece. 

The windtight layer can take the form of a variety of different materials such as brick, 
render or a membrane over the insulation. If there is a ventilated cavity between 
cladding and insulation, thermal bypass may also occur with cold air rising up the 
cavity. In this case, a separate breather membrane may be required to prevent moisture 

Figure 2.3
Cavity wall.

Solid Masonry Construction

wind

rain

General Diagram

Weathertight Insulation Structure

Airtight

Insulated Concrete Framework Cavity Wall Timber Frame

Insulation 
Structure

Airtight ServicesWeathertight

Figure 2.2
Solid masonry 
construction.
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and air ingress into the insulation. The weatherproof layer can be a variety of materials, 
preferably a robust, long-lasting material with little need of additional structure 
supports that will penetrate the insulation layer. Examples of this layer include tiles and 
roofi ng membrane, or rainscreen cladding and breather membrane. The details in 
Chapters 3 to7 use a brick cladding as the windproof layer, which requires ties back to 
the structure and so is a challenge to achieve thermal continuity.

Airtight layer

Airtightness will radically reduce the amount of heat lost through draughts or 
‘infi ltration’.

A REHVA study (2013)4 concluded that 15% of the space heating use can be saved by 
going from 11.5 m3/(m2·h) @50 Pa (average current value) down to 5 m3/(m2·h) @50 Pa 
(achievable). An insulated but leaky home will require a large amount of continuous 
heating, as the heat is lost through unmanaged infi ltration. In order to get the best 
thermal performance a contractor must aim to make the building fabric fully airtight. 
There is little point in aiming for half way between airtight and leaky and doing so is a 
waste of material, time and money. Airtightness is often a high priority, and a challenge 
for the contractor as there is a test required for Building Regulations approval. A typical 
target for the air test is 5 m3/(m2·h) @50 Pa, which although an improvement on 2013 
fi gures, still represents a signifi cant amount of uncontrolled air leakage through the 
building fabric. The optimum target for new-build homes is to aim for less than 1 m3/
(m2·h) @50 Pa. This is the tipping point to achieve the optimum heat demand of less 
than 10 W/m2, which is a quarter of the demand of a new-build home. To achieve this 
level of airtightness, there needs to be a continuous airtightness layer. 

The airtight layer should be tight up against the insulation with no air gaps between. 
Ideally, it should also be on the outside of the services and structure layer to minimise 
penetrations for services/structure and to protect from future maintenance, as shown 
in Figure 2.4. The more times the services or structure have to puncture this layer, the 
more work there is to seal up this hole. 

+ + + + +

Concrete Frame (Section)Option B

Weathertight Insulation Airtight Structure Services Finish

Figure 2.4
Ideal order of 
construction 
elements for 
thermal 
performance.
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Build tight

The optimum airtightness target for the thermal envelope of new-build homes is to 
aim for less than 1 m3/(m2·h) @50 Pa – as airtight as possible!

The more common, easier to build method is to place this notional airtightness layer on 
the inside of the structure (Figure 2.1). By doing this, it is easier to inspect any potential 
failures as an airtightness test can highlight any leaks, and they can be sealed from the 
inside. A service zone on the inside of the airtightness line also helps achieve a simple 
airtight layer that will enable the contractor to install services without puncturing the 
airtightness layer. This services zone will also allow future occupants to drill through the 
fi nishing plaster or plasterboard without puncturing the airtightness layer. 

In summary all three elements – windtightness, insulation and airtightness – need to be 
continuous to ensure as-built performance in any new construction. Examples of these 
principles working in different types of wall construction are illustrated in the summary 
table on pages 20–21. 

Summary of construction types for dwellings

All construction types can achieve high levels of fabric performance with three 
continuous layers of windtightness, insulation and airtightness. All construction types 
can also meet the Passivhaus standard, but some are more suited to this higher 
performance than others. The most economical can achieve both continuous insulation 
and airtightness with minimal effort. This table 2.2 gives a concise summary of the 
benefi ts, constraints and recommendations for the typical construction types used to 
build new housing in the UK. Each of these construction types is examined in more 
detail in Chapters 3 to 7. 

Passivhaus: the optimum building envelope

Passivhaus is the optimum fabric-fi rst solution, and reduces the heating load to a 
minimum, less than 10 W/m2. This is 75% less than the average new home and 
provides the best comfort and indoor air quality. It also means there is no need for 
radiators as heat is provided by the sun, internal gains and heat recovery ventilation. In 
order to achieve this higher energy and comfort standard, greater attention to detail is 
needed in the design and on site. The quality assurance needed for Passivhaus 
certifi cation often produces homes with performance that meets the design targets.5

The fi ve pillars of Passivhaus demonstrate good practice for delivery of energy effi cient 
homes, and are shown in fi gure 2.5.
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Passivhaus

MVHR

FORM

INSULATION GLAZING

VENTILATION AIRTIGHTNESS

Figure 2.5
The fi ve pillars of 
Passivhaus

Element SAP (notional values) PHPP (guidance values)

External walls 0.18 W/(m2.K) 0.1 – 0.15 W/(m2.K) 

Party walls 0.00 W/(m2.K) 0.00 W/(m2.K)

Floor 0.13 W/(m2.K) 0.1 – 0.15 W/(m2.K)

Roof 0.13 W/(m2.K) 0.1 – 0.15 W/(m2.K)

Glazing 1.4 W/(m2.K) (whole window) ≤0.85 W/(m2.K) (installed value)

Opaque doors 1.0 W/(m2.K) ≤0.85 W/(m2.K) (installed value)

Airtightness ≤5.0 m3/(h.m2) ≤0.6 ac/h (mandatory)

Thermal bridging y=0.15 W/(m2.K) (internal calculation) psi-value (external): ≤0.01W/m.k

Ventilation System 1 (extract fans) System 4 (MVHR)

Air conditioning None None

Space heating or cooling demand 
46 kWh/m2.yr for houses (Part L Fabric 
Energy Effi ciency)

≤ 15 kWh/m2.yr (mandatory)

Primary energy Not defi ned ≤ 120 kWh/m2.yr (mandatory)

Opening areas Max. 25% of internal fl oor area N/A (design for good daylight)

Table 2.1 Comparison of SAP notional values and Passivhaus guidance values.

INSULATION

Five pillars 
of Passivhaus

VENTILATION

FORM

GLAZING

AIRTIGHTNESS
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Chapter Construction 
method

Benefi ts Risks/Limits Recommendations

3

Cavity masonry wall »  Common around 
the UK

»  Useful thermal 
mass*

»  Good 
soundproofi ng 
and airtightness if 
plaster is used

»  Construction 
quality is diffi cult 
to check

»  Thermal bypass

»  Diffi cult to install 
rigid boards 
without gaps

»  Not airtight if 
plasterboard is 
used

»  Slow construction/
weather 
dependent

» Closely control quality

»  Specify full fi ll cavity with fl exible 
insulation

»  Ensure continuous insulation with no 
gaps

» Specify aircrete blocks

» Specify composite wall ties

»  Specify two-coat plastic fi nish for 
airtightness

4

Concrete frame »  Common around 
the UK for 
apartments above 
four storeys

»  Good structural 
properties

» Airtight

»  Useful thermal 
mass*

»  Can be used with 
steel, timber or 
masonry infi ll

»  Quality diffi cult 
to achieve and 
check

»  Partial fi ll 
insulation often 
has gaps

»  Light steel frame 
creates repeating 
thermal bridges

»  Potential thermal 
bridge at 
columns, 
foundations and 
balconies

»  Heavy cladding 
like brick creates 
unncessary 
thermal bridging

»  Quality needs to be closely controlled

»  Insist on continuous insulation, with 
no gaps between boards

»  Minimise number of fi xings through 
insulation layer

» Racking board taped for airtightness

»  Ensure concrete or steel does not go 
through thermal envelope

5

Timber frame »  Speed of 
construction

»  Off-site panels 
possible

»  Good thermal 
performance

»  Construction 
quality can be 
variable on site

»  Airtightness 
diffi cult

»  Requires high 
percentage of 
timber

» Build off site to control quality 

»  Use I-beams or twin stud panels to 
minimise thermal bridging

» Ply tape at joints for airtightness

Construction types for dwellings
All construction types can achieve high levels of fabric performance with three 
continuous layers of windtightness, insulation and airtightness. This table gives a concise 
summary of the benefi ts, constraints and recommendations for the typical construction 

* Thermal mass is only useful where the mass is exposed internally and combined with 
effective night time ventilation.
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CHAPTER 2: How to detail a thermally efficient building envelope

Chapter Construction 
method

Benefi ts Risks/Limits Recommendations

6

Insulated concrete 
formwork (ICF) / masonry

»  Speed of 
construction

»  Simple construction

»  Excellent 
airtightness with 
poured concrete

»  Lightweight blocks

»  Minimal thermal 
bridges

»  Requires 
specialist advice 
and tools to 
remodel house

»  Not commonly 
used in the UK

»  Check the system aligns with brick 
courses

»  Early collaboration with 
manufacturer

»  Airtightness is integral with poured 
concrete but openings / services 
need to be taped

7

Structurally insulated 
panels (SIPs) or CLT 
panels

» Airtightness easy

»  Off-site 
construction leads 
to better quality 
control and 
tolerances around 
opening 

»  Good thermal 
performance per 
construction 
thickness

»  Ease and speed of 
construction

»  Structural 
limitations mean 
that structural 
steel often 
required 

»  Thermal bridges 
at fl oor level and 
ground

»  No thermal mass 
capacity

»  Late 
modifi cations 
can be pricey

»  Additional 
timber 
commonly used 
around openings

» Take into account structural 
limitations to minimise steelwork

»  Include extra insulation layer on 
outside to minimise thermal bridging

»  Early collaboration with 
manufacturer 

»  Airtightness membrane on outside 
of panel or inside with a service zone

7

Modular (off-site 
volumetric) steel / timber

»  Better working 
conditions: 
weather, access, 
stability, safety, 
waste

»  Excellent 
airtightness

»  Better supervision 
and quality control

»  Easier to reuse 
offcuts and 
minimise packaging 

»  Easier assembly and 
deconstruction

»  Structural design 
must address 
progressive 
collapse

»  Lightweight 
components 
have little or no 
thermal mass 
capacity

»  Prefabricated 
components 
mismatch on-site 
work

»  Excessive 
steelwork can 
cause thermal 
bridging

»  Requires greater investment and 
coordination up front

»  Early collaboration with 
manufacturer to identify constraints 
and opportunities

»  Specify pre-commissioned M&E 
services 

»  Consider logistics of delivery to site

Table 2.2 Summary of construction types for dwellings.

types used to build new housing in the UK. Each of these construction types is examined 
in more detail in chapters 3 to 7.
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 Chapter 3:
Masonry – 
cavity wall
construction

FC Int 1 2a ba b 3 4 5 6 7 8 ba


