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Introduction

1.

The LowCarb4Real project, funded through the UrbanBuzz programme (project No.
388), lies in the UrbanBuzz target area “Energy efficiency and sustainable housing:
harnessing academic understanding”. As is recognised in the Urban Buzz
programme, the contribution made to sustainable communities by reducing carbon
emissions from housing is considerable. It is recognised also that low carbon housing
is highly dependant on design and construction that reduces to a minimum energy
demand through improved energy efficiency. However, the findings of the Stamford
Brook field trial have demonstrated overwhelmingly that there is a gulf between
designed performance and measured performance. The extensive action research
programme at Stamford Brook has shown that fabric heat loss (independent of user
interaction) can be more than twice as great as design calculations would predict.
Other smaller scale studies going back to the 1980s have provided evidence to
indicate that the findings from Stamford Brook are likely to hold good for most
mainstream new housing. The problem is not widely understood either in industry or
in government, the LowCarb4Real project attempted to identify why this situation
exists and how it should best be addressed.

It appears likely that the specific technical findings at Stamford Brook represent a
class of potential mechanisms by which design performance of future dwellings will
be degraded. Underperformance, currently masked by cheap energy and oversized
heating systems, will become more noticeable and less acceptable as energy prises
rise and target emission rates are reduced. The carbon emission limits of Code
Level 3 and beyond are likely to entail increasing complexity, less redundancy, faster
rates of innovation and unfamiliar low and zero carbon technologies. Unless
academia and industry are able to develop systems and a culture capable of
managing these challenges, underperformance is likely to increase in relative and
possibly even absolute terms. The rapid pace of change is likely to mean that some
technical solutions may have a short useful life. The key to managing the process is
likely to be the transformation of successful construction companies into learning
organisations. The LowCarb4Real project provides initial steps for this transition
towards a much closer partnership between industry and academia.

This report sets out the main messages and technical materials used to stimulate
debate in the LowCarb4Real workshop programme, and describes the outcomes
from this knowledge exchange process. The project was designed to develop the
knowledge necessary to make Low & Zero Carbon housing a reality, where it
matters, “on the ground”. It sought to set up a knowledge exchange programme
based on the lessons from the Stamford Brook housing field trial and the experience
of those developers seeking to build beyond current building regulations. The project
also sought to provide a model for industry-based research and knowledge
exchange.

Throughout this project the approach was designed as one in which the project team
and workshop participants were seen as contributors to the development of learning
in a spirit of knowledge exchange. The lessons from the Stamford Brook research
project are as significant in the areas of process development and industrial cultural
change as they are in the detailed understanding of the application of Low Carbon
design and technology in new housing. This project provided an ideal opportunity to
hold the sort of participatory, action learning, exchange with the industry that is
required if progress is to be made in improving the housing design and production
processes and in framing regulatory and other policies needed to provide support.

In addition to the dissemination of the learning outcomes from the Stamford Brook
field trial and experiences of GHA members, a key objective of the project was to
facilitate knowledge exchange based on two key areas of learning:

e The application of main stream construction technology and the key technical
issues in the design and construction of Low Carbon Housing.

e The development of improved housing procurement and building processes
designed to ensure that Low Carbon performance is reliably achieved.
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In each area, the programme developed not only the specific lessons from the
research but also teased out the underlying lessons that will enable technology and
processes to be adjusted and redesigned as the industry moves towards the goal of
Zero Carbon Housing.

Rather than follow a traditional route based on a process of one way dissemination
through industry road-shows and seminars, the LowCarb4Real project sought to
foster a two way knowledge exchange. The Stamford Brook team partnered with the
Good Homes Alliance in an attempt to broaden the relevance and appeal of the
findings from Stamford Brook and then progress through a programme of two-way
industry workshops designed to develop skills, knowledge and insights within
developers and developer groupings, and between them and academia. Through
discussion of change and change planning as part of the main workshops, it was
envisaged that both industrial and academic partners and participants would be
equipped to influence change in the practices within their organisations.

The partnership with the Good Homes Alliance was of particular importance since it
is made up of small to medium size developers building to standards similar to and
often in advance of the standard used at Stamford Brook. Crucially, the GHA
provided access to a developer group at the other end of the scale from the major
housebuilders participating in the Stamford Brook development. The GHA represent
some of the leading practitioners for delivery of energy efficiency within the SME
sector and are directly responsible for 1.5% of the UK new build housing. They have
a significant impact as professional advisors on many other projects and, through
their policy influence and leadership positioning in the UK, are able to provide
direction and learning from which both industry and academia can benefit.

LowCarb4Real Process

10. The LowCarb4Real project commenced in January 2008 with the immediate task of

11.

establishing an advisory/steering committee comprising of representatives from the
project team, UrbanBuzz, Government, academia, industry and other influential
stakeholders. The group assembled at regular intervals to oversee the development
and evolution of both a knowledge exchange plan (Appendix 1) and an evaluation
plan (Appendix 2).

The LowCarb4Real knowledge exchange programme was based around 6
interactive workshops attended by people from all levels within the industry. Table 1
details the workshop programme, with a pilot workshop held in June 2008 used to
examine the effectiveness of the proposed workshop format, this format was
subsequently adjusted to increase participant input and feedback for later workshops.
The final evaluation workshop took the format of a strategic forum, with initial
outcomes from all previous workshops leading the discussions This was designed to
gain initial feedback on some of the difficulties of achieving deep rooted change and
to provide an opportunity for a stronger involvement by influential stakeholders and
policy makers.

Table 1 LowCarb4Real workshop dates and locations

Date Location
Pilot Workshop 19th June 2008 Leeds Met
Workshop 1 22nd July 2008 UCL
Workshop 2 24th July 2008 Leeds Met
Workshop 3 11th September 2008 Leeds Met
Workshop 4 16th September 2008 UCL
Strategic Forum 30th October 2008 UCL

12. As set out in the project’s knowledge exchange plan (Appendix 1), the key messages

and other technical material disseminated to workshop participants were contained in
a series of project “posters” that were easy for the audience to digest and provided
enough understanding of the principles to enable workshop participants to engage in
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13.

more detailed study following the workshops. The posters were based on the main
findings from the Stamford Brook field trial and a number of case studies undertaken
by the Good Homes Alliance. In addition to posters, the workshops were introduced
with presentation sessions on the findings from Stamford Brook and Case Study
material from GHA projects. The poster collection is included in this report in
Appendix 3, and together with most of the presentation material, is available on the
LowCarb4Real project web page held on the Leeds Metropolitan University website .

Although the project advisory group members had planned to recruit participants
from each of their relevant sectors of government, industry or academia as outlined in
the workshop participant matrix (table 2), this was not always forthcoming. As a result
many of the workshop attendees came as a direct consequence of invitations from
the project team. Efforts were taken to ensure that a diverse delegate list
representing a broad spectrum of professions and skill levels.

Table 2 Workshop participant matrix (from the knowledge exchange plan)

Workshop participants Workshop Dates Total

Month June July September

Day 17 19 22 24 16 11

Location London Leeds London Leeds London Leeds No. %

S-Mgt Const. 3 3 3 3 3 3 18 10

S-Mgt Des/tech 3 3 3 3 4 4 20 11

Mid - Mgt Const.. 4 4 4 4 5 5 26 15

Mid - Mgt Des/Tech. 4 4 4 4 5 5 26 15

Consultants 5 4 5 4 5 4 27 15

Sub - mgt. 2 2 2 2 2 2 12

Sub - site. 2 2 2 2 2 2 12

Const Train 1 1 1 1 1 1 6

Sup chain 3 3 3 3 3 3 18 10

Policy 2 2 2 1 2 3 12 7

Total 29 28 29 27 32 32 | 177 100
14. Although a diverse mix of participants was planned and invited to each of the

workshops, due to participants dropping out and non-attendees this was not always
achieved. Table 3 shows the actual participant mix realised for the 3 workshops held
in Leeds. Whilst a similar participant mix to that desired was attained at the
September workshop, participant representation for the July workshop consisted only
of developer staff (senior and middle management), design staff, inspection &
services professionals and supply chain representatives; with no voicing of opinions
from site staff, training staff, or from those directly involved in policymaking. As a
result some of the initial workshop outcomes put forward to the strategic forum may
have been biased towards the sectors most highly represented throughout the
workshop programme. The participant mix at the 2 London workshops displayed a
comparable under-representation of subcontractor/site staff.

Table 3 Workshop participant mix at workshops held in Leeds

Jun-19 Jul-24 Sep-11 Leeds Totals
Number Number Number
Role Sub-group | Attending % | Attending % | Attending % No. %
Operative 3 0 0 3
Site Staff | Supervisory 1 0 2 3
Total 4| 22 0 0 2 7 6/ 10
Devel Technical 1 6 6 13
eveloper
\étaffp Managerial 6 4 5 15
Total 7 39 10 56 11 41 28 44
Design Staff | Architecture 3 3 3 9
Services 1 1 0 2

! http://www.leedsmet.ac.uk/as/cebe/projects/lowcarb4real
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Total 4| 22 4, 22 3 11 1, 17
Inspection &

Services 1 6 2| 11 3] 11 6 10

Training
Staff 1 s 0 o 3 1 4 6

Supply
Chain 1 6 2| 11 2| 7 5/ 8
Policy 0 0 0 0 3] 11 3 5
Total 18| 100 18| 100 27| 100 63| 100

15. Presentations and breakout sessions concentrating on technical issues at the
workshops explored the lessons for design, construction practices and production
processes. Ensuing discussions relied on a mix of participants in each group to
deliver outcomes representative of the industry as a whole rather than opinions
provided by a limited sector. Breakout groups were designed to include, wherever
possible, such a range of skills and experiences to provide consideration of the
issues from a variety of perspectives. One of the achievements of the LowCarb4Real
knowledge exchange process was in getting these diverse groups to enter into round
table discussions, in many cases with participants of a level they would not normally
discuss such issues with. Participants gained awareness of what others within the
industry could offer them and developed an appreciation of what effect their actions
and decisions could have on others at different stages of the design/construction
process.

Workshop Methods

16. The workshops consisted of presentations to start each morning and afternoon
session after which the audience would divide into smaller breakout groups, re-
assembling with a plenary discussion to culminate the days’ activities, an example of
a typical workshop schedule is shown in figure 1. The morning presentation
concentrated on the lessons learnt from Stamford Brook and awareness of the gap
between as-designed and as-realised energy performance, the afternoon
presentation took the form of a case study from a GHA member. A number of
simultaneous morning breakout sessions each approached different technical issues;
either robust thermal design (including thermal bridging and thermal bypassing),
airtightness or systems performance. For the afternoon breakout sessions, groups
were re-assigned to achieve a mix of skills and contain representatives from all the
morning breakout groups. The afternoon breakout groups underwent a brainstorming
exercise with the lead question, “What do designers and constructors need in order
to be able to design and construct low carbon housing that is effective, robust and
works every time?”. Emerging ideas were discussed, and the main themes written
onto flipchart sheets to be presented to the plenary session by a group member prior
to the general discussion of “Developing a Road Map to 2016”.

Page 6 of 78



LowCarb4Real Draft Final Report v1.8 December 2008

Workshop Structure — 11" September 2008

Time Room
09:30 - 10:00 118 Registration
10:00 - 10:15 118 Welcome & Introduction to the Day
10:15-11:15 118 Overview of Stamford Brook Key Messages
11:15-11:30 118 Coffee Break
11:30-12:30 G13 Breakout Groups — Session 1
G14
119 Technical Issues
221
12:30 - 13:15 118 Lunch
13:15 - 13:45 118 Overview of Good Homes Alliance Key Messages
13:45 - 15:00 G13 Breakout Groups — Session 2
G4
119 “Needs” of designers & constructors
221
15:00 - 15:30 118 Coffee Break
15:30 - 16:30 118 Plenary Discussion — Developing A Road Map to 2016

16:30

Close

Figure 1 Example workshop schedule

17. Figure 2 illustrates the LowCarb4Real process and forms the basis of the “Methods;
Converting Inputs into Outcomes” poster, one of the Workshop Collection series of
posters in appendix 3. The initial inputs into the LowCarb4Real workshops came from
the Stamford Brook field trial, case studies from GHA members and additional
examples of the performance gap observed by the project team. These were
introduced to the workshops through presentations and poster material, and fed into
the breakout sessions where additional comments and arguments put forward by the
workshop participants provided further contributions. All of this was carried forward
into the plenary session discussions. Analysis of the outputs from the plenary
sessions and from material produced during the ‘Needs’ breakout sessions shaped
the primary inputs into the strategic forum.
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Figure 2 LowCarb4Real process diagram

18. As a culmination of each workshop, all participants took part in the final plenary
session. Designed to build upon the day’s activities, this took the format of 2 lead
questions:

e What do we need to make the changes?
¢ How do we improve performance and close the gap?

Breakout Session 2 groups presented the outcomes of their brainstorming sessions
on the ‘Needs’ of designers and constructors to produce Low Carbon Housing to the
plenary session audience for general discussion and comment. The discussion was
then opened up to the floor, and the topic of discussion moved to more general policy
issues of developing a road map to the Government’s broad aims of meeting the
Zero Carbon target for new build housing by 2016 and how to address the issue of
the gap between theoretical “as designed” performance and what is achieved “as
built” in reality.
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19.

20.

21.

The proposed final evaluation workshop developed into “Closing the Gap: A Strategic
Forum on the Energy Performance of New Housing”. As performance targets get
increasingly more stringent, the potential for the gap between predicted and
measured energy performance of dwellings is likely to increase proportionally -
unless action is taken immediately. The LowCarb4Real project sought to increase
awareness of this concern and gain feedback from workshop participants on how
best to develop solutions, the strategic forum took understanding and addressing the
performance gap as it's main theme, and used preliminary outcomes from the
previous workshops as a starting point in tackling the problem and identifying the
potential resolution paths.

With an invited audience of representatives from Government, industry and other
prominent stakeholders, The purpose of the Strategic Forum was to inform, and
influence where possible, key stakeholders in each of these sectors. As with the
previous LowCarb4Real workshops, the event centred around knowledge sharing.
Presentations from the project team and previous workshop participants lead into
breakout sessions asking:

e What is required in order to initiate and embed the required change?

Breakout Session groups each debated 2 of the Change Categories, discussed the
issues arising and reported back to the Forum (as done in previous workshops). For
the Strategic Forum, the report back planned to identify the policy and strategic
responses required for action by; Government, Industry and Other Stakeholders.

Sense of methodology?

Knowledge exchange

22.

23.

24.

The Stamford Brook field trial was an action research project funded by the
Department for Communities and Local Government (CLG) and based around a 700
house development undertaken by Bryant Homes and Redrow Homes, on land
owned by the National Trust. The 6 year field trial sought to assess, in a
comprehensive way, the issues involved in improving the carbon performance of
mainstream house building. It has generated an unprecedented amount of learning
related to airtightness, envelope integrity and systems performance, at all levels
including building physics, dwelling design, site management, workforce training and
procurement systems. Given the challenging regulatory targets proposed by
government aimed at Zero Carbon new housing within 10 years, it is crucial that the
learning from field trials such as Stamford Brook is captured, refined, contextualised
and embedded as thoroughly as possible within the house building industry.

The LowCarb4Real workshop presentations centred around the “Developing Low
Carbon Housing: Lessons from the Field” context, using real experiences, data and
observations to highlight the issues needing consideration. The Leeds Met research
team presented material to the workshops based on the Stamford Brook field trial;
specifically looking at thermal performance, airtightness, thermal bypassing and the
construction process, but also approaching the more general issue of the gap
between ‘as-designed’ and realised energy performance. Presentations from GHA
members illustrated that some developers are already building to higher standards.
Both sets of presentations gave insight not only into their achievements, but also to
the pitfalls and barriers encountered on their journeys and how these might be
overcome.

The “Technical Issues” breakout groups provided additional opportunity for
dissemination of some of the Stamford Brook key findings, where aspects of potential
underperformance were highlighted to participants, actual details re-designed and
potential solutions discussed. The robust thermal design breakout groups looked
specifically at thermal bridging and thermal bypassing, encouraging participants to
identify where these problems existed by using actual examples; explaining the
principles and asking participants to re-design details to eliminate or minimise these
heat-loss mechanisms whilst considering issues such as sequencing and buildability.
The airtightness groups considered air barrier design, continuity and robustness, and
were asked to perform pen-on-section tests on actual details, re-designing these
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details to eradicate air barrier discontinuities and interruptions and maintain its
location adjacent to the thermal layer to diminish the risk of thermal bypassing. The
groups examining systems performance sought to estimate the potential for heat loss
from primary pipework in real examples and redesign dwelling layouts to minimise
the gap between individual component performance and systems performance. In all
groups the technical exercises were followed by open discussions of both the
problems and of potential solutions.

Feedback

25.

26.

27.

The ‘Technical Issues’ breakout sessions used input from brief technical
presentations and the ‘Re-designing the detail’ task to stimulated discussion and
feedback from the workshop participants. Audio recordings and flipchart notes made
by the session facilitators were used to document responses and formed the basis of
feedback from these sessions together with the annotated details resulting from the
tasks.

The ‘Needs’ breakout session used brainstorming to focus on the requirements of
both designers and constructors to build low carbon dwellings that would reliably
work in practice. Ideas were written onto individual index cards which were
subsequently read out and discussed. Stimulated by the presentations and earlier
‘Technical Issues’ sessions and drawing on participants’ own broad spectrum of
professional experiences, nearly 800 ideas were written on cards during the ‘Needs’
breakout sessions. After discussing as many of the developing ideas as possible in
the time available the participants in each ‘Needs’ session were asked to decide
upon their top 5 Key Imperatives necessary to embed the required change from the
issues raised, these were written onto flipchart sheets to present as feedback to the
Plenary Discussion. Audio recordings of these sessions and flipcharts notes
augmented the outputs of index cards and key imperatives lists to chronicle the
outcomes from the ‘Needs’ sessions.

Following the series of workshops both the index cards and top 5 key imperatives
outcomes from the ‘Needs’ breakout sessions underwent a degree of analysis and
were utilised as starting materials for the breakout discussions at the ‘Closing the
Gap’ strategic forum. The index cards were collated and classified into 8 Change
Categories, as listed in table 4, with each breakout group at the strategic forum
discussing a pair of Change Categories. The ‘Top 5’s were similarly analysed
classified into 13 main set of key imperatives for change. These are described in
more detail in the Workshop Outcomes section of this report and form the basis of 2
posters in the Workshop Collection series of posters.

Table 4 Change Categories

Change Categories No. of Index Cards
Process 195
Culture & Environment 138
Knowledge, Skills, Education & Training 177
Communication 49
Resources 54
Tools & Methods 85
Supply Chain 56
Design/Technology Solutions 17

Evaluation Process

28.

The LowCarb4Real project evaluation plan (Appendix 2) describes the conceived
routes for knowledge transfer anticipated throughout the project. However, as the
project evolved it was deemed that knowledge transfer to a potential 200 workshop
participants would be too limited an outcome, and the knowledge transfer mechanism
was refined to become one of knowledge exchange, utilising the inputs from
workshop participants to expand on those of the project team and together propose
solutions to the question, how do we produce Low Carbon Housing that performs as
designed? The LowCarb4Real project has provided the opportunity to look at this
from the bottom-up, through the eyes, opinions and insights of people who work in
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29.

the construction industry, as they are confronted with empirical evidence on the
performance of new housing. In doing so, teasing open the reasons why things are
as they are and what might be done to change them and eventually feeding these
back to decision makers and key stakeholders as a guide to action.

Figure 3 illustrates the different levels at which the LowCarb4Real project is designed
to facilitate the knowledge exchange. Whilst the inputs to the initial workshops shown
in figure 2 form the main Level 1 drivers, interactions between workshop participants
provided insight and consideration of issues at Levels 1-3. During the workshops,
breakout sessions were designed to include a mix of participants of various skills and
knowledge levels and a variety of professions to encourage knowledge transfer
between different sectors of the industry, primarily at the micro and meso levels.
Outcomes from the workshops fed into the strategic forum, where the participants
were invited specifically to view potential actions and policy implications of
embedding change at the macro level as indicated figure 3.

Level 4:

Macro Policy support

and constraints

Level 3: System transformation
Meso
Level 2. Onsite management process

‘learning to learn”

Micro

Level 1. Learning from Stamford Brook & GHA
technical outcomes

Figure 3 Mapping of learning levels

30.
31.

32.

How does this help achieve objectives ...

The LowCarb4Real project outline set objectives to be achieved in sustainability and
knowledge transfer in a number of categories; environmental, social, economic,
sound science, governance and knowledge exchange.

The environmental, social and economic objectives all revolve around improving the
housebuilding industry in the UK to produce Low Carbon, energy efficient dwellings
that meet exacting energy performance standards in practice, not just on paper;
reducing CO, emissions, reducing the risk of fuel poverty and increasing the
capabilities of the industry. For these 3 objectives the dissemination of the Levels 1
and 2 learnings from Stamford Brook, GHA and workshop participants meet the
objective directly for those attending the workshops through changes in knowledge,
understanding and attitudes of individual participants. It is anticipated that the
knowledge transfer will continue beyond the course of the LowCarb4Real project
through material outputs such as the poster collection and the website, The direct
impact on the energy performance of new dwellings may be small due to the
numbers involved, but where workshop participants involvement is elemental their
awareness of issues such as thermal bypassing and systems underperformance may
go some way to addressing many of the problems inherent in UK dwelling design and
construction.
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33. The findings from the participatory action research approach adopted during the
Stamford Brook project formed the initial basis for the LowCarb4Real knowledge
transfer programme and satisfy the sound science objective. Additional input from
GHA members supplemented the research and dissemination of Stamford Brook by
using a firm scientific footing for their case study material. A multidisciplinary project
core team and advisory group ensured that workshop materials, posters and outputs
were peer reviewed and the sound science objective achieved.

34. LowCarb4Real sought to identify institutional and legislative barriers to change and
increase understanding within the policy making fraternity of the implications of more
exacting energy performance standards for new housing. By obtaining input from
across the broad spectrum of the housebuilding industry through individual workshop
participants, a range of perspectives was achieved and fed back to key policymakers
and stakeholders through the advisory group and the Strategic Forum, with intentions
to maintain this beyond the LowCarb4Real project life.

35. The LowCarb4Real programme has established an effective model for knowledge
exchange within the construction industry, with the learning of all workshop attendees
extending beyond the lifetime of the project through their active participation.
Knowledge transfer through workshop materials, technical issues sessions, posters
and discussions was an expected outcome, but the levels of learning and knowledge
exchange observed by placing construction industry staff of differing professions and
levels of expertise in specific areas into open roundtable discussions was an
unanticipated but welcome benefit.

The Poster Collection

36. The poster collection is included in this report in Appendix 1, and is available to
download from the LowCarb4Real web pagez. The initial posters illustrated some of
the outcomes of the Stamford Brook field trial and GHA member experiences; these
were embellished with relevant details from other projects to enhance the Level 1
learning and knowledge exchange. As the project progressed, the poster collection
evolved to include additional material including some of the outcomes from the first
phase of the LowCarb4Real workshops and focus more on the Level 2 and 3 issues.
The emergence of the idea of using posters both as the prime vehicle for describing
the main issues and as a record of the material and themes emerging from the
workshops has resulted in the poster collection becoming a live and developing
document.

37. During the workshops, A1 versions of the posters are used to provide a backdrop to
the day with opportunities for delegates to look at them during breaks and A4
versions are included in the delegate pack. Informal observations of delegates at the
workshops suggest that delegates use the posters and the A4 versions in the packs
as casual reading and some have made comments on content. In the case of the
large posters conversations between delegates and between delegates and the
project team have been enhanced by the ability to refer to the illustrative material
mounted on the wall. This provided a level of reinforcement of the central messages
and a stimulus for discussion of the issues that emerged.

38. In some of the workshops, where space was available blank comment versions were
positioned next to each poster and delegates were invited to make comments on the
material. The comments are included in the project data set (appendix 3).

39. .

40. The poster collection is made up of the following sub-collections.

The Project Poster

41. The initial project poster entitled “ LowCarb4Real: Developing a road Map to 2016”
outlined the project, highlighting issues such as knowledge exchange, key
stakeholders, the workshop programme, the requirement for cultural change and

2 http://www.leedsmet.ac.uk/as/cebe/projects/lowcarb4real
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introduced the concept of closing the performance gap (the gap between as-
designed and as-measured dwelling performance).

The Stamford Brook Collection

42. Two posters, “Developing Low Carbon Housing: Lessons from Stamford Brook” and
“Stamford Brook; Publications & Reports” provide a concise overview of some of the
learning achieved during the Stamford Brook field trial and how this information is
being disseminated to Government, industry and other stakeholders.

The Design Collection

43. This collection of four posters focused on “Thermal Design Principles”, “Airtightness
Design Principle”, “Thermal Bridging” and “Thermal Bypassing”, each concentrating
on and individual aspect relating to the design of building envelope. Using examples
from the Stamford Brook project and drawing on additional materials, the general
principles of each of these facets of design was explained and guidelines for

consideration suggested

The Construction Collection

44. Focusing on construction issues such as site sequencing, responsibility, training and
awareness of critical areas, this poster used the construction of the air barrier to
highlight where, how and why some of these issues occur.

The Process Collection

45. One poster, “Construction Planning” specifically examines issues of the construction
process, raising issues regarding process, quality control, value engineering and
modification procedure, measurement and feedback. “Closing the Loop” contains
material on monitoring and testing as part of the process of developing performance
control systems, and offers some insight into how and why the gap between nominal
and realised fabric performance exists..

The Workshop Collection

46. Following the development of the project plan the function of the poster set was
extended to include output from some of the workshop sessions. This enabled the
poster collection to capture not only the Level 1 research and other starter material
but also the main themes that emerged during the breakout session and plenary
discussions. The “Workshop Collection” was added to the poster set in order to do
this, with draft posters being fed back to workshop participants and the project team
for comment. Three posters from the pilot workshop were exhibited at subsequent
workshops to illustrate potential outcomes. Three further posters were developed for
the Strategic Forum which provided an initial analysis of the previous workshop
outcomes and methodology and highlighted proposed topics for discussion at the
forum.

The GHA Case Study Collection

47. This collection contains case study material from members of the Good Homes
Alliance, identifying the main features and issues relating to three recently
constructed developments. Each case study contains an “Overview” poster providing
background to each scheme and outlining some of the key aspects and initiatives
taken. Additional posters on “Airtightness”, “Thermal Bridging” and “Thermal
Bypassing” provide supplementary technical details and outline some of the barriers
that had to be overcome in developing Low Carbon housing.

Workshop Outcomes

48. The primary objectives of the project were to facilitate knowledge exchange based on
the application of mainstream construction technology and encourage the
development of improvements in process designed to ensure that Low Carbon
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49.

performance is reliably achieved. In both areas the project can claim success, but
this success only goes so far. The workshop programme teased out a number of
underlying lessons that could assist technology and processes to be adjusted and
redesigned as the industry moves towards the goal of zero carbon housing. These
were introduced to the final workshop, “Closing the Gap: A Strategic Forum on the
Energy Performance of New Housing” under the headings below of ‘Change
Categories’ and ‘Key Imperatives’.

Achieving these primary goals necessitated some priming of the self-selected
workshop audience from the facilitators, but care was taken to accentuate the
exchanging of knowledge and views rather than attempting to change participants’
perceptions. Detailed below as ‘Knowledge Shift’, a derived measure of the success
of dissemination of the Stamford Brook and GHA experiences by the project team
through presentations and the ‘“Technical Issues’ breakout sessions is also described
below, .

Change Categories

50. The 771 individual index cards which emanated from the 'Needs’ session, have been
classified into 8 Change Categories, which in turn fall into 30 sub-categories. A
tertiary division (and 4° for 2 larger sub-divisions) indicated even further just how
inter-related many of the areas of concern are and how often similar issues arose
within differing categories. With all the cards now entered into a database, and
appropriate keywords identified and assigned, a statistical analysis of these inputs
from the workshop participants is possible.

New Technologies

Economic Issues

(27)

Changing Attitudes
(53)
5 Human Resources
Time & Money (41) @) \
Culture/ \
Resources (54) Environment
(138)

Legislation &
Regulation (34)

Modelling Tools
(19)

Measurement Tools

)

Knowledge Sharing
(25)

Cost & Service (9)

Product
Performance (19)

Knowledge Sharing
(16)

Information
Exchange (12)

Legislation &
Regulation (33)

Partnership (25)

Tools/Methods
(85)

Knowledge,
Skills,
Education,
Training (177)

771 Cards
Created

Supply Chain
(56)

Design/
Technology
Solutions (17)

Quality of
Information (18)

Process (195)

Problem Resolution
Process

Management (22)

\| Communication
(49)

Information
Exchange 29)

Testing & Feedback
(55)

Figure 4 Change Categories

Processes (82)

Improving Basic
Understanding (54)

Research &
Technology (21)

Legislation &
Certification (4)

Drivers for Learning
(15)

Improving Skills
(83)

Performance of
Technology (10)

Technology Specific
Solutions (5)

Integrating

Legislation &
Regulation (36)

51. The 8 Change Categories were selected by the project team as it was felt that the
accumulated index cards could relatively easily be divided into these distinct primary
categories. Many of the Change Categories listed contain similar sub-categories such
as; legislation, feedback, information exchange, knowledge sharing, but these were
considered as secondary concerns, an example is provided in figure 5 where the
comment on the card reads:

* Including post-occupancy studies
into ratings
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* Actual monitored energy data
widely available
as designed — as monitored

Although this card could be construed in a number of ways, e.g. knowledge sharing
due the comment “actual monitored energy data widely available”, it was regarded as
fitting better into the Testing & Feedback sub-category as part of the Process Change
Category, as what is required is a change in the process. Within this sub-category this
card was classified into the Monitoring & Feedback 2° subcategory,
Compliance/Validation 3° sub-category and finally into a 4° sub-category Post-
Occupancy Evaluation with 5 other cards.

Total
771 Cards

Process
Management (22)

Process (195)

Integrating
Processes (82)
Testing & Feedback
(55)

Legislation &
Regulation (36)

Increased
Understanding (9)

Component
Evaluation (1) Process
Improvement (13)

Monitoring &
Feedback (32)

Quality (10)

Regulatory

Compliance (3) Compliance/ Testing (13)
Validation (10)
Post-Occupancy

Evaluation (6)

Figure 5 Expansion of Process Change Category leading to an individual index card

52. Each Change Category was partitioned into 1° and 2° sub-categories, with the larger
Change Categories (Knowledge, Skills, Education & Training and Process) further
divided into a number of 3 and 4 sub-categories in the areas with the most responses
as shown in table 5.

53.

Table 5 Change Categories, numbers (in brackets) represent individual index cards.
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Time/Maney for
Design (pre-
construction) (10)
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Design
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Additional Costs of
LCH (8)

Time & Money
@1

Budgets (realistic/
clearfflexible) {4)

Extended/Flexible
Timescales (17}

Resources
(54)

Incentives for
Change (8}

Human Resources
“

MNew Technologies.
@

Staff Stability &
Quality {4}

Access to New
Technologies (3

No-Blame Culture.
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Value of
Constructors (5)

Planning (8}
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Playing Field (4]

Legislation &
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Regulation {33}

Resiisfic Targeting
2}

Innovation/Atfitude
ta Change {13}

Desire for Improved
Performance (1)

Simplicity {16)

Extra Costs of LCH
18)

Public Demand for
LCH (15)

Stable Economy!
Housing Market (4)

Economic lssues
@n

Role of Regulation

Culture/
Environment
(138)

Incent
Consequences (8]

Partnership & Team
Ethic_(18)

Parinership (25}

Ownership (8)

Technologies (5)

Site-Based
Constructien Tools
[4)]}

Knowledge Sharing
6

Working Examples
4)

Accurate Casting

Knowledge Sharing
(25

Post-Construction

Toals
(Measurement &
Tasting) (4)

Tools & Methods
(85)

Simple/Clear
Legislation (8)

Legisiation &
Regulation (34)
Incentives to
Exceed min.
Requirements (1)

Modelling Taols

Pre-Construction
Tools {Modeliing.
Datasets, Leaning
Tools) (18)

Technical Guidance
& Support (19)

Understanding of

Targets, Standards,
Dfinitions (7)

Feedback of
into
Knowledge far Training (13)
Future-Proofing (2}
Gross-Profession
University Training Understanding (15)
in Low Carbon
Issues (3) Client/End-User
Knowledge (10)
Ressarch &
Development (2)
Low Carbon Design § _ Research &
Training (12) Technalogy (21)
Training in
Innovation/

Creathity (2

Training for
Planners &
Legislators (2)

Legislation &
Certification (4)

SAPICSHIEnemy

Training
Cerfification (1)

Improving Basic
Understanding (54)

Training & Education

Educating
Constructors (1)

Simulation/
Visuslisation Skills
iU}

Whole-House/

System Effects (1)

Effect of Complax

Detailling (3)

General Training in

Thermal Principles
(B}

Educating
Designers (5)

Training!

Understanding of

Thermal Principles.
(17)

Knowledge, Skills, Improving Skill
(©3)

“77)

Low Carbon
Training for Site
Staff (5]

Design BriefiProject
Spesific Knowledge
3)

|Drivers for Leaming|
(15)

General Training
{Constructor
Specific) (18)

Training!

General:

Understanding of
anMed‘:?& Skills Arbghtoecs 1
Motivation/ General Training
ntives for (Designer Speific)
Training {1} (10)

Cost/Resaurces for
Training (3]

Training in the
Process (5)

General: Training &
cation (7)

CFD (11}
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Technical Support
12}

Data (ot just
theoraticalllab-
based) (5)

Influence on
Gavemment Policy
13}

Supply Chain
Training to End
User (3)

‘Communication
‘with Designers/

Knowiedge Sharing
Coniractors {8) (16)

Information
Exchange (12)

Supply Chain
Interaction (1)

Supply Chain
(56)

Easier to Install/
Operate Products
(4)

Innovative Supply
Chain (2)

Product
Performance (18)

GCost & Service (8)

Locally Sourced Costs for
Products (1) Sustainable
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Better Performing
Products (5)

New Products/
Systems (7)
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Between Designers
& Specialists (3)

Information &
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Communication
with Regulatory
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Quality of
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with Site Staff (7)
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Between Designers
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Compliance (2)
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Process
Management (22)

Procurement {4)
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Cost/Value
Engineering (4)

In-use Product
pmtormance (1) [Testing & Feedbac)
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Construetion
Process (1)
Process/
Performance (13)

On-site Issues (2)

Integrating Design
(5)

Process
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Design Process (6)
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Design
Specificaion (1)

General Feedback
& Monitoring (3)
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Monitoring
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Integrating
Processes (82)
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Performance (5)
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Design Process.
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54. The diagrams of each Change Category shown in table 5 were reproduced on A1 for
use at the strategic forum, with 2 separate Change Categories being used for each of
the 4 breakout groups to discuss. The level of sub-categorisation illustrates the
complexity of some of these categories, and if change is to occur in each, just how
many different areas that change needs to relate to and how many different areas of

concern need to be addressed.

55. In the Resources Change a substantial majority of comments received were for time
and money to implement change in 2 major areas, for design and for amended
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56.

57.

58.

59.

60.

61.

62.

construction periods. Another significant need identified was for resources for new
technologies and particularly Low Carbon technologies, through incentives,
assistance with access and assistance with the perceived increased costs of
introducing greener technologies (although index cards prescribing specific
technological solutions were included in the Design/Technology Solutions category)..

Culture/Environment represented the 3™ largest Change Category with its major sub-
category calling for a concerted transformation in the attitudes of the whole
housebuilding industry and its traditional values, with a large proportion of cards
seeking to change mind-sets and see a real desire for, and appreciation of, improved
performance throughout the industry and also from the general public. Legislative
change was another well represented area, many comments being related to the
similar sub-category in the Process Change Category but considering disparities and
inconsistencies in the ethos and tradition of legislation and regulation rather than its
technical and practical aspects. Given the current market conditions it is unsurprising
that comments on the economic environment were also abundant.

Legislation and regulation also featured heavily in the Tools & Methods Change
Category, although here the call was for improved technical guidance and support,
better clarity of legislation and possible regulatory reform. More accurate and more
accessible measurement and modelling tools were sought after, as was the desire for
better knowledge sharing, including working examples of Low Carbon dwellings that
are available and accessible to all.

Many of the cards in the Knowledge, Skills, Training & Education Change Category
suggested a need for improvement in basic understanding of the whole build process
and an up-skilling of the industry in general. The high number of comments
advocating additional training, education and understanding on technical issues such
as thermal principles, system effects, airtightness and Low Carbon issues may reflect
on those issues being raised earlier in the workshops and being fresh in participants’
minds, but these still only represented half of the cards in the improving skills sub-
category. Other significant sub-categories included a desire for more research
(particularly into Low Carbon considerations) and incentivising learning.

Ideas developed in the Supply Chain Change category regarding price, performance
and availability were heavily outweighed by a desire for better communication
between the supply chain and both designers and constructors. Although information
exchange and knowledge sharing also fall into other Change Categories, those
classified into this category dealt primarily with how the supply chain needs to adapt
to effect the required changes, through proposed improvements in guidance,
technical support, training and in-use performance data as opposed to theoretical or
laboratory test data.

The Design/Technology Solutions Change Category represents cards detailing
specific technological solutions, e.g. more (or less) MMC solutions, and comments on
the performance of new technological or proprietary solutions. This was the smallest
of the change categories in terms of number of cards, possibly due to it being so
specific, but it contained comments which did not fit naturally into any other
categories as many of the cards on low carbon technologies did.

Although much of the response in the Communication Change Category concerned
the quality of information and its clarity, the majority sought improvements in dialogue
and engagement of different sectors of the construction industry, from end-users to
constructors to designers, planning departments and regulators; with many
comments stressing a need for specific sectors of the industry to communicate better
with other specific sectors appeared to come from the personal experiences of the
individual participants.

The Process Change Category was the largest category, the largest sub-category of
which was integrating processes. It was expressed in many cards that integration and
inclusion (principally of designers into the construction process and constructors into
the design process) were seen as necessary steps to eliminate many of the
sequencing and buildability issues that exist in the housebuilding industry.
Improvements in testing regimes and feedback mechanism were also widely called
for; whether for quality control, regulatory compliance, process measurement or just
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63.
64.
65.

to increase understanding. Although process management was allocated its own
sub-category, numerous cards in the testing & feedback sub-category sought for
measurement and testing to be fed back to help manage the process.

Links between sub categories
expansion

The index card database contains all the comments made on the index cards in the
‘Needs’ breakout sessions, assigned to Change Categories, 1°, 2°, 3°, and 4° sub-
categories and each individual index card record assigned up to 4 keywords from a
list of 143 (full list in appendix 4), the top 15 occurring keywords are listed in table 6.
The number of occurrences of each keyword may indicate to some extent a derived
quantification of concerns developing from the brainstorming sessions, however it
may also reflect on the presentations and discussion of concerns that had taken
place earlier in each workshop, as these very much resemble some of the key issues
that had been raised throughout the earlier workshop sessions. All the keywords
listed in table 6 had been issues approached during the Stamford Brook and GHA
presentations, and most had been significant themes in the each of the ‘Technical
Issues’ breakout sessions.

Table 6 Index Card Keywords — Top 15

Keyword No. of Index Cards
Design 95
Understanding 72
Low-Carbon 57
Performance 55
Training 48
Communication 46
Details 46
Knowledge 43
Feedback 41
Education 39
Time 38
Evidence 37
Process 36
Simplicity 36
Guidance 35

66.

67. Summary & comment

68.

Key Imperatives

69.

70.

Whereas the change categories indicated the thoughts and concern of the workshop
participants, asking them to draw up lists of their Top 5 Key Imperatives added a
degree of prioritisation. When posed with the question of which were the most
important areas discussed in the 'Needs’ session the answers received did not
always tally directly with the numbers of index cards received in the related change
category. Additional analysis of all the responses may illuminate the matter further.
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Expectations

Systemic
Change

Attitudinal
Change

Sharing/
Partnerships

Relationships

Education/
Training

Understanding

Figure 6 Key Imperatives

71.

Knowledge Shift

72. On registration at the workshops participants were invited to complete a prior

73.

knowledge questionnaire to establish their level of understanding of a number of key
issues relating to Low Carbon Housing. Some of the questions relating to specific
issues to be addressed during the days’ sessions. These questionnaires were
returned to participants at the end of the workshop for them to re-assess their
understanding of these issues and provide the project team with an indication of the
knowledge shift resulting from the workshops.

[Laifong — you may wish to fill this out from your detailed analysis]

Plenary Session Discussions

74. The final event of each workshop consisted of a plenary discussion under the broad

title “Developing a Roadmap to 2016”. This was introduced by a brief address by a
member of each ‘Needs’ breakout group introducing the main points from their
session. Audio recordings were made of both the presentations from each plenary
session and the subsequent discussions, these were transcribed for circulation to the
project team for review and possible future analysis.
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Strategic Forum Outcomes

75. The final evaluation workshop was held at UCL on 30th October 2008 in the
grandiose setting of the Old Refectory, under the UCL Portico. Titled “Closing the
Gap: A Strategic Forum on the Energy Performance of New Housing” an invited
audience of policymakers, industry professionals and other influential stakeholders
evaluated the implications of the outcomes from the previous workshops for the
development of policy for re-engineering the industry and its regulatory framework in
a Low Carbon world.

76. The Strategic Forum took a similar format to the workshops, Presentations from the
LowCarb4Real team drew on some of the outcomes from the previous workshops,
and were augmented by reflections on the workshops from previous participants; a
small builder, an architect and a major developer. Breakout groups discussed
potential actions for a way forward in a number of change categories, their main
points were presented to the plenary discussion to highlight potential policy and
action responses that could be taken by Government, industry and other
stakeholders to reduce the gap between as-designed and as-built performance. This
resulted in only partial success, with a continuation of the analysis of the problems
but only limited achievement in developing potential solutions. This re-framing of the
solution may have been a consequence of the nature of the forum, reflecting a
possible lack of drivers, resources and incentives for implementing change.

Participant Reflections

77. At the “Closing the Gap: A Strategic Forum on the Energy Performance of New
Housing” held on 30" October 2008, 3 participants from previous workshops were
invited to present their reflections on the LowCarb4Real project. The participants
were selected to represent different perspectives, those of a major volume housing
developer, a designer and a small housing developer.

78. Next section needs trimming...

Volume Housebuilder

79. Joe Isle is Strategic Development Director for Taylor Wimpey UK Ltd., he attended
the 11th September workshop in Leeds.

o “When you end up with evidence, good quality evidence, then the decisions you
make in the future are evidence based decisions that we can all respect and
build on.”

e “This industry thinks energy efficiency is easy, the reality is once you get into the
thermal bypasses, the cold bridges, the air barriers, it suddenly becomes quite
complex.”

o “Generally, in the major house builders there is no real accountability through the
process for energy efficiency. If you build a house and you make no money the
financial director gets a real kicking; if it's flood risk and the house floods then the
technical director gets booted out; if it's a commercial problem and the houses
aren’t built on time then it's the commercial director; but what about energy
efficiency? Who cares? There needs to be a way of bringing accountability into
this process. | do believe that the building envelope can be sorted out, can be
improved, based on all the work that's been done. But we as an industry have a
lot to do. We’ve got to make people accountable.”

e “At the moment a lot of the industry’s going forward with people guessing,
politicians’ aspirational, planners making supplementary planning guidance when
they have no idea what’s going on.”

o “Who sets the standards? If we’re going to go to low carbon housing we have to
have a rigorous standard. The people who set standards have to understand
what they're setting and then monitoring has to back that up. It's an area that
greatly concerns me. That's why the work that's been done on this project needs
to be embedded in the industry as soon as possible. Because we are running
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Designer

before we can walk. The aspirations of the politicians, in terms of renewables,
and planners in terms of their SPG’s, are just putting things in that they do not
know if they’re going to work at all. We don’t want to be doing that, we want some
sound evidence.”

“I think Anthony really has touched on a bit of a nerve in the industry, that we all
operate at the minimum levels, which is absolutely true because that's the nature
of the animal. | think the big house builders have a long way to go, just like
everyone else really. | think it's got to be a little bit of a stick as well as a carrot.
As a bigger company we do have the checklists and we do get people around the
table, but the key thing is do we do it with regards to energy efficiency? And
that’s the difference. | think it's the understanding, the guidance. | don’t think
there’s one place where the guidance comes, it's a bit of a mess really. That’s
why responsibility, accountability needs to be somewhere to bring it into that
process.”

80. Richard Partington is a Director of Richards Partington Architects, he attended the
16™ September workshop in London.

“What struck us enormously from what has been done is the level of detail and
rigour and robustness of the method. To us, in a world that is seduced by
imagery, that seemed to be in stark contrast with the kind of outcomes that we’re
seeing from, for instance, the BRE Innovation Park, which is really something
that showcases technology and products without disseminating the essential
information that we need in order to design. It seems to me that the real let-down
from the BRE projects is that there simply aren’t the robust measured outcomes
of what’s been built. There isn’t the rigorous testing, and that applies right
through the industry.”

“The research has thrown up some very unexpected outcomes. For instance, the
issue of heat loss through a cavity party wall. For us as designers that raises
questions about the way we legislate and the way we prescribe for certain
standards.”

“In our organisation there is an anxiety about the route of having robust details,
accredited details, enhanced details, because they're firstly designed to a lowest
common denominator and secondly they’re being applied in a very selective way.
So that heat loss through the cavity wall is a direct result of somebody saying this
is a way of isolating one dwelling from another for sound. So the whole process
of seeing design, construction, inhabitation, procurement, existence as one thing
that needs to be thought about globally seems to be lost.”

“If you follow the logic of good thermal design, good airtightness, it leads you
inevitably to simple volumes. It's much easier to control on site, it's much easier
to control in design terms. But my clients are saying to me | want something that
really sets me out from the rest, | want something that’s distinctive, | want
something that reflects its context. Our response to the workshops has been,
how can we change our processes to try and make sure that we still have
responsibility for energy (I would use the word responsibility rather than
accountability, as accountability immediately has connotations of blame)? And
what we’ve tried to do is think about how these things happen simultaneously
and to start to model, think about thermal bridging, think about airtightness.
Involve the builder, with the architect, with the environmental advisor, with the
academic, in the same workshop environment so the theory, which we don’t
necessarily understand, is imparted directly to the guy who'’s going to build it who
has much better insights into the practicality of what’s being suggested.”

“Our reaction has been how do we make the process different? How do we
engage people at different levels and incorporate their expertise? That, in a way,
is prompted by scepticism in the way that standards are being implemented, and
by an enormous scepticisms around what technology can provide.”
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“What we're really interested in is the heat loss, not the theoretical performance,
and industry is stepping back from that. They’re very nervous. | think we need
more projects like Malcolm and Rob’s that actual test what’s happening and get
to the nitty-gritty that my profession is also stepping away from.”

“It fills me with fear that a sliding screen or an external louvre is connected to a
building management system and it moves across the fagade at the right time or
at the right season. It seems to me that in Mediterranean countries the has been
for years an efficient system of external louvers that can be adjusted from the
inside and the neat thing is not that it's connected to the building management
system, it's the fact that you can pull your shutters closed in a storm or on a hot
afternoon and still have some ventilation. | think this is where the emphasis
needs to shift towards something which is much more considered in a passive
way. This idea that technology will solve these problems is completely wrong, it’s
a lifestyle change that has to be promoted as part of an overall package for living
with a lower carbon footprint.”

“I think there is a fundamental, cultural difference in the way that houses are
developed here and the way that other parts of the construction industry work. If
you're developing an office then the likelihood is that your client is going to have
a long-term interest in the way that that project runs so you’re going to have
some commitment either as a landlord or somebody who’s managing common
areas, so there is much more engagement with how the building will operate
once its been completed. Historically, a house builder can’t wait to get away once
it's been handed over, cheque in bank, thanks, that’s the end of it. So there is a
slightly different way of setting up and long-term expectations of how the building
will run. 5 years ago property developers wouldn’t have been bothered about
whether their houses met certain energy targets in-use, they would to get through
the regulatory regimes, but they wouldn’t in the long term. Of course the house
builders have to build in a very, very competitive market where the whole of their
supply chain, every small element, is built into the process. It's something that
they would like to control and like to understand. There is a tendency to have
internal expertise in detail design which slightly divorces the theoretical, higher
level ambitions of design from the execution. | think the house building industry
needs to adjust slightly and there needs to be some mechanisms in place for
ensuring that there is a kind of demand, and things are beginning to happen.
There are management agreements, there are commitments that developers
make to the long term sustainability of a project, but | think there is a cultural
difference.”

Small Developer

81. Anthony Rodgers is the Managing Director of Huntington Homes, a small housing
developer based in York, he attended the the 24™ July workshop in Leeds.

“In my company there’s 2 of us, me as an MD and a project manager, and we
just don’t have the resources in-house to do a lot of the things we’ve been talking
about. We out-source everything. Our designs and architects are out-sourced,
our contractors are out-sourced and we rely upon some strong relationships. It's
trust in those relationships that will help us going forward in terms of delivering
the sustainability we’re looking for.”

“It's important that the designers understand and contribute to all facets of what
we’re trying to achieve in a sustainable development. I'm in this to make money,
I’'m a businessman, and therefore | have to rely upon the trust | have in my
chosen designers to give me what you guys as professionals are going to give
me. Because without that we’re left high and dry. What that means in reality is
that basically we deliver our product to minimum regulatory levels. So the
architect says it meets building regs, it meet the requirements of LABC and our
guarantor NHBC and I'm happy; | can’t get any more money for anything else so
that's what | do.”

“I feel a bit guilty having been to these sessions, should | be testing more? If I've
got to sit down and as part of my development checklist I've got to consider are
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we taking on board considerations of whatever code it might be, whatever
buildings sustainability issue we’re talking about, are we taking it on board? So
I've got to test my professions, my contractors, and they’re going to say “well we
thought about it, and the implications if you were to do it would be pounds, time,
change of design, couldn’t do this, couldn’t do that” but | think, as a responsible
human being, that's what I've got to start doing. We’ve got to test our profession.”

e “If I don’t sell my £355,000 house, | don’t get paid this month. So if the customer
says | want my boiler there, the boiler gets moved. Well hang on Mr Customer,
do you realise that by moving your boiler 100 yards down the corridor you're
going to cost yourself a fortune? So we’ve got to take on board customer choice,
and we’ve got to bring the customer in as a stakeholder.”

o “It's all very well at Stamford Brook or big projects saying to the customer we’ll
give you £1000 a year if you'll let us keep this monitoring equipment in — | can’t
do that, | can’t afford to do it. So how can we do it easily? Who's going to do it?
There’s 2 of us, me and a project manager, we haven't got the time and the
resource to do that. Given the size of the organisations with which | tend to work,
in terms of designers and builders, for them to invest time and money and
resource they would like to think that there’s going to be some reward for that
investment and that would unfortunately reflect in pounds. So where’s that going
to come from? Somebody somewhere has got to put money into the kitty to pay
for that.”

e  “One stakeholder we haven't talked about is the landowner. If you've got a
discerning landowner, like the National Trust for argument’s sake at Stamford
Brook, who says we’d love to do this, if we can do this, that and the other and all
get brownie points, if we could all look good on it, then let's do it. I'm looking at a
site at the moment with a private landowner, and because I'm saying to him
actually with these 2 big ones we could put a green emphasis on it and that could
help us get planning. How can we get these things? We can get these things if
the planners say we'll fast-track you, we’ll give you reduced planning costs, if you
reach certain levels. That's something I’'m sure we’re going to come across this
afternoon, the impact of building control fees, of planning fees, of CML providers
and guarantor costs, all of those things which are a commercial issue in terms of
both time and money, if we can get some adjustment or benefit from that by
taking on board what we’ve all been talking about then that’s going to make more
sense for everybody.”

e “l did actually speak to my contractor before | came today. What he said is
simplicity, consistency and a degree of longevity. He’s doing one project for us,
and that’s his job for 18 months. In 18 months time he’s onto the next job and the
building regulations have gone through 2 cycles. In that time he’s working for
himself, not for one of the big four where he would have been kept up to date
continually by some central department. He doesn’t know. For him to keep up
with the technological improvements, some of the technical changes and
regulatory changes, is quite difficult.”

e Given the current marketplace, allowing for the audience today, should we stop?
Should we stand still for 6 months? Should we say, now we have a dreadful
marketplace, now is an opportunity to stand still, get all our thoughts together,
and when we come back with a rising market, all the new housing stock can be
built to a regulatory level that we’re all happy with, and it would mean that the
majority of that stock would be enabling us to achieve the targets that we're all
setting out to.

82.

Analysis of ‘Breakout Group Main Points’ Flipcharts

83. At the Strategic Forum the participants were divided into 4 breakout groups, each
group was assigned a pair of Change Categories for discussion: Knowledge, Skills,
Education & Training with Communication; Process with Culture/Environment; Supply
Chain with Design/Technology Solutions and Tools/Methods with Resources. Each
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breakout group was asked to consider the Key Imperatives for change that also
emerged from initial analysis of the workshop outcomes, and how they integrated into
their assigned Change Categories to identify the policy and strategic responses
required for action by Government, Industry and Other Stakeholders. As in the
previous workshops, the main points were written on flipcharts to be presented, by
breakout group members, to the forum plenary.

Table ? Strategic Forum Breakout Group Flipchart comments - Government

Breakout Group Comment

Knowledge/Communication | Insist on an acceptable level of knowledge within Government itself
(PPS1)

Simplification of Standards & Procedures

Conformity of Guidance

Building Regulations need better policing

- Upskill building control

Process/Culture Leadership from Government

- In solutions / evidence / cost precedent

- e.g. Government subsidised housing etc. (enhanced policy)
- Robust evidence & dissemination

Legislative stick versus incentive carrot:

- Give real financial consequences so that industry focuses on
outcomes, not avoidance.

Supply/Tech. Solutions Clarity of message

Stop & think for a while

Certainty

More money to gear up

=> Grants =>

These should be tied to performance

Tools/Resources Role of Government:

- Delivery agent or regulator?

Leadership:

- Contractual obligation to help

- Focus on evaluation

Standards:

- Part L, Code for Sustainable Homes, etc.

- Should there be more simplicity/integration?
- Should the Regulations be more facilitating?
Resources:

- Should be made more available for training, assisting, leading and
regulating.

84. Summary & comment

85.
Table ? Strategic Forum Breakout Group Flipchart comments - Industry
Breakout Group Comment

Knowledge/Communication | Eco-Options: Awareness, knowledge, communication, uptake

- Must be led, by who?

Concentrate on fabric performance

- Incentivisation

Prioritise performance regarding energy more than is currently done
- through quality / testing / measurement

- through self-regulation / self-testing

- through stimulating Government action

Quality Control needs improving

- Accountability & Responsibility

Process/Culture QA System: What to measure & how

- "In-Use" performance measurement

- Industry to inform to suit process (to give robustness/effectiveness)
Feedback & knowledge bank

- SPEED!

- Real time metering is effective now! (Swedish post occ. consumption)
- Fair

Supply/Tech. Solutions Joined up thinking - How?
Certifications / Approvals of systems that work

Page 25 of 78



LowCarb4Real Draft Final Report v1.8 December 2008

+ Warranties

Drivers to use approved products & systems

Tried & Tested Systems

Pre-approved "packages" from a range of suppliers
- fundamental change of approach

Tools/Resources More responsibility for actions:

- Self-certifying compliance/Quality Control

- Internalise QC procedures

Educate more within industry itself:

- Take more notice of case studies, both Good & Bad
- (No Blame Culture)

Proactive involvement (with Government) in regulation & setting
standards

Supporting learning:

- To address "the gap"

- Get to standards we have now, before updating them
- Measurement is essential

86. Summary & comment
87.

Table ? Strategic Forum Breakout Group Flipchart comments — Other Stakeholders

Breakout Group Comment

Knowledge/Communication | End Users: Must learn how to use Low Carbon Housing

- Social Housing: Simple Controls?

- Private Housing: Smart Controls?

- A Code for Sustainable Homeowners?

- Increasing awareness of Energy Use

Appliance Manufacturers: labelling and display (red/amber/green to
show energy usage)

Finance Companies: Insurers & finance providers should provide
preferential terms/conditions/guarantees for low energy design &
USAGE.

Supply/Tech. Solutions How to incentivise demand? From...

- Customers

- Constructors / Contractors

Getting housebuilders to understand the benefits of system approach
- transparency of information

How do customers know that what they are getting is working?

- Smart meters?

- Comparators - Post Code metering data?

Tools/Resources Need to improve both up and down transfer of information between
Government/Industry/Consumers

Shifting limits of acceptability - Moving public opinion
Incentivisation & empowerment of the consumer

Involvement of all stakeholder groups in the process

- Utility Companies, Housing Associations, etc.

88. Summary & comment
89.
90.

Conclusions & Recommendations
91.
92.
93.

94. The outcomes from the project reinforced the findings from the Stamford Brook field
trial and experiences of GHA members and throw considerable light both on
immediate technical issues and on the broader problems of implementing change in
production processes and industry cultures, all of which reinforce the need for the
establishment of durable and effective learning partnerships.
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95.

96.

97.

98.

99.

Cultural issues were highlighted at all stages of the project. There is no tradition of
energy performance measurement or of design and production processes that follow
sound manufacturing principles, in which measured performance is fed back to
create system improvements. This issue was identified also in the Egan report almost
10 years ago.

There appears to be inadequate knowledge and understanding at all levels
throughout the industry. The principles of effective thermal envelope and systems
design and construction are not well understood or prioritised within design or
construction.

Regulatory implementation remains a major issue. Although standards have
improved, it is widely recognised that energy standards are neither well enforced nor
measured, a point made in the recent forward thinking paper on energy efficiency
regulation.

Although the project was able to identify many of the strategic process issues and to
postulate a number of solution tracks it was not in a position to develop clear
solutions that took into account the difficulties inherent in the industry context.

The analysis of all the workshop outcomes should assist in highlighting the areas
where changes are considered most necessary, most urgently and what actions are
needed to successfully facilitate the required changes.
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Appendix 1

Knowledge Exchange Plan
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A’%

real

UrbanBuzz

Bullding sustainable communities

LowCarb4Real

Knowledge Exchange Plan

Malcolm Bell, Robert Lowe, Jez Wingfield, Dominic Miles-Shenton, Jon Bootland, Simon
Corbey & Lai Fong Chu
May 2008

LowCarb4Real is a collaborative knowledge exchange project undertaken by Leeds Metropolitan
University, University College London, The Good Homes Alliance and the University of Leeds. The
project is funded by the Urban Buzz programme coordinated and facilitated by University College
London and the University of East London. Urban Buzz is designed to foster the exchange and
development of the knowledge required to develop sustainable communities.
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Introduction

The LowCarb4Real project is designed to develop the knowledge necessary to make low &
zero carbon housing a reality, where it matters, “on the ground”. It seeks to set up a
knowledge exchange programme based on the lessons from the Stamford Brook housing
field trial and the experience of the Good Homes Alliance (GHA), a group of developers
seeking to build beyond current building regulations. The Stamford Brook (SB) field trial was
an action research project funded by the Department for Communities and Local Government
(CLG) and based around a 700 house development undertaken by Bryant Homes and
Redrow Homes, on land owned by the National Trust. The 6 year trial, which concluded in
November 2007, sought to assess, in a comprehensive way, the issues involved in improving
the carbon performance of mainstream house building. It has generated an unprecedented
amount of learning related to airtightness, envelope integrity and systems performance, at all
levels including building physics, dwelling design, site management, workforce training and
procurement systems. Given the challenging regulatory targets proposed by government
aimed at Zero Carbon new housing within 10 years, it is crucial that the learning from field
trials such as Stamford Brook is captured, refined, contextualised and embedded as
thoroughly as possible within the house building industry. The experience of GHA members
will be used to extend the range of experience from which the project can draw.

The project recognises that knowledge exchange is a two way and multi faceted process.
Valuable though the lessons and insights from Stamford Brook and the GHA experience are,
their absorption, adoption and impacts are controlled by the house building industry. To
maximise the value of research and experience in the development of low carbon housing it is
important that all sections of the house building industry3 are able to share their knowledge of
the industry and the issues and barriers that arise when seeking the sort of fundamental
change that is needed to achieve the demanding targets for low carbon housing set by the UK
government and the imperatives of climate change mitigation. This project seeks to facilitate
an exchange of knowledge and understanding that would support such change.

Objective

The objective of the project is to facilitate knowledge exchange based on two key areas of
learning:
e The key technological issues in the design and construction of low carbon housing in
the mainstream.
And
e The development of improved housing procurement and building processes designed
to ensure that low carbon performance is reliably achieved.

In each area, the programme will develop not only the specific lessons from the research but
will tease out the underlying lessons that will enable technology and processes to be adjusted
and redesigned as the industry moves towards the goal of zero carbon housing.

In more specific terms, the knowledge exchange programme will be based around 6
interactive workshops with people from all parts of the industry and the different levels of
management. The workshops will explore a range of the issues that will focus on change in
the development process itself (design, construction practices and production processes) and

®ltis very hard to characterise the house building industry. Although convenient for the purposes of this report,
referring to them as a single entity does not capture the range and diversity of roles, structures and skill sets that
exist. At one level the house building industry is made up of developers who manage the development process, their
construction contractors and subcontractors, a wide range of operative groups (masons, joiners, electricians,
plumbers and the like) and their professional advisors (from wildly different professions). At another the industry is
supported by a broad range of other actors such as materials and component suppliers, professional bodies,
government regulators (including building control officers), built environment educators and trainers and important
client groups such as social housing providers. Overlaying such diversity of role and skill is the influence of scale.
Building one or two houses a year is a very different matter from building thousands of dwellings a year across the
UK and these differences are reflected in the approach taken to development and the issues that need to be
addressed. Thus, although this plan will make reference to the industry it is important not to forget the considerable
diversity that exists.
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on the implications for the environment (supply chain, regulation, education and skills etc.) in
which development takes place. The programme of industry workshops will seek to:

o disseminate the key findings from Stamford Brook & GHA experience,

¢ deepen understanding of the problems of reengineering development processes
through engagement with the house building industry,

e generate solution ideas for addressing the problems and generating change, and

¢ influence actions for change at all levels;

— Micro — the detailed technological hardware and processes necessary for the
construction of dwellings and other buildings

— Meso —the structures and processes that enable development organisations
and meta organisations to design and construct low carbon housing that
achieves its required performance levels.

— Macro —the policy and cultural environment in which development takes
place, this would include such things as skills & understanding, regulatory
policy & practice, technological developments within materials & component
supply chains and norms of employment & contracting behaviours.

The Workshop programme
The workshop programme consists of 6 one day events held in London and Leeds so as to

encourage a reasonably wide geographical spread of participation. Workshop dates and
venues are set out in table 1.

Date Location
Workshop 1 17 June 2008 London
Workshop 2 19 June 2008 Leeds
Workshop 3 22 July 2008 London
Workshop 4 24 July 2008 Leeds
Workshop 5 11September 2008 Leeds
Workshop 6 16 September 2008 London

Table 1 Workshop dates and locations
An iterative approach to workshop development

Throughout the workshop programme an incremental strategy of continual review of
outcomes and modification will be adopted. Following each pair of workshops the project
team will reflect on the outcomes and workshop evaluation feedback from participants with a
view to making changes to any aspect of workshop design. The spacing of about 4 to 6
weeks between workshop pairs will provide ample time for both the recording of output and
reflective team meetings designed to review and reshape workshop design. The nature of the
evaluations is set out in the project evaluation plan that accompanies this knowledge
exchange plan.

Workshop design

In order to fulfil the objectives set out above the workshops will be structured so as to use the
key messages from Stamford Brook and GHA case studies to disseminate the research
findings and to stimulate debate around a number of important questions relating to the need
for change and the processes by which change can be brought about. With the agreement of
participants, all workshop sessions will be recorded on audio tape for use by the project team
and some verbatim material may be used in project reports or on posters4. The key principles
of design are as follows:

*The general agreement of participants will include for the anonymous use of verbatim
material taken from the tapes. If it is thought necessary to use attributed versions or if there
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* A mixed group of participants will be invited to each workshop so as to provide a
range of perspectives within each workshop. Appendix 3 contains a matrix of
expected participation.

» Stimulate debate with presentation material backed up by the posters
*  Work groups will be limited to between 5 and 10 with a mixture of perspectives

» Attention is likely to be focused at micro and meso levels but where ever possible
wider macro level issues will be encouraged.

* Al activity and discussion will be grounded in the key findings of SB and GHA.

Disseminating key messages
Two approaches will be used to introduce workshop participants to the key findings.

The poster collection: A set of poster style documents will be produced and given to
participants either at the workshops or in the joining pack. The posters will be designed so
that they can be produced in either A4 or A1 format and will serve as both hand-out material
and display material. Each poster will deal with a single key finding from Stamford Brook or a
particular aspect from a GHA case study. It is envisaged that the poster collection will be
dynamic and will grow as the programme proceeds. As further insights are gained into some
of the issues and barriers relating to change, posters will be added and used as a means of
communicating the output from workshops as well as disseminating the starter material. This
approach will enhance the development nature of the programme as relevant material from
one set of workshops is fed into the next.

The posters will be displayed (A1) at workshop sessions in the main workshop room or
breakout rooms as appropriate to the detail being discussed. This will provide a back drop to
the whole event and enable participants to accustom themselves to the style. Posters will be
placed on the project website as they are produced and after each workshop participants will
receive copies of posters produced from the workshop. All participants (as contributors to
some of the material) will be acknowledged unless they specifically request not to be
identified.

An indicative set of posters is set out in figure 1, which uses the notion of the three levels
indicated above (micro, meso and macro) as a means of structuring the collection. Those
dealing with Design, Construction and Process (blue box in figure 1) will form the core of the
starter posters for the first round of workshops in June. Appendix 1 contains an example
poster as an illustration of style and tone.

Workshop presentations: In order to engage participants and to focus the workshop the key
issues will be discussed during starter presentations at the beginning of the workshops and
will last for around 90minutes (60 minutes on Stamford Brook and 30 minutes on material
from GHA case studies). The presentations will reinforce and be backed up by the material in
the posters. Also, short (10 minute) presentations will be used to begin each workshop
breakout session so as to set the scene and identify the critical issues for discussion.

was a significant risk of identification from the context, separate permission would be sought
from the relevant participant.
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Figure 1 Indicative poster collection for LowCarb4Real.
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Workshop breakout group activity

Each workshop will provide some 2 house worth of breakout discussion time in small groups
contain between 5 and 10 people depending on attendance and the availability of facilitators.
Some 15 group tasks have been defined in draft and it is anticipated that each aspect will be
used in at least two groups during each pair of workshops. The tasks themselves together
with initial presentation and prompt material are set out in appendix 2. The discussion in each
group will be introduced and facilitated by a member of the project team and it is anticipated
that each workshop will have up to 6 facilitators available, drawn mainly from UCL and Leeds
Met with additional assistance from members of the GHA who will add their experience to the
discussion.

The approach of facilitators will be to reinforce the messages from SB and GHA that are
appropriate to the task in hand and encourage an open debate. They will seek to balance the
need to maintain focus on the task but to ensure that as many contributions and ideas as
possible are drawn out. In addition to specific questions at the micro level facilitators will
encourage the exploration of other levels as the underlying issues are explored. In particular
facilitators will seek to tease out greater understanding of such things as;

e cultures,

e Darriers,

e relationship issues between actors,

e approaches to tackling the issues identified, and
e ways of generating change.

Also the facilitator will assume responsibility for recording the main points and ideas on flip
charts and for drawing up a summary poster of the group’s work. An embryonic version on a
flip chart will be used in a short poster presentation session before t he final plenary session.
After the even each poster will be drafted and fed back to workshop participants for further
comment before placing them on the project website. The key objective of the breakout group
posters will be to get the material into the arena as quickly as possible so that there is ample
opportunity for those interested in the work to reflect and add comment. This means that the
emphasis will be on delivering draft material rather than highly polished text.

The posters will form both a source of data for later analysis and a record of the events. The
final evaluation workshop in October will draw on a synthesis of workshop outcomes and
debate the key issues raised for policy and practice across government and the industry at
large.

Facilitating the group sessions
The key to success of the workshops will be the ability of facilitators to get the most out of the
breakout group sessions. In addition to the processes outlined above the facilitators will be
required to ensure that all participants remain motivated to engage with the problems
discussed. In order for a high level of motivation and engagement to be maintained each
participant will need to be;

e be convinced that there is a serious problem to tackle,
believes that the problem presented is solvable,
is convinced that they can help to solve it
and
gets an emotional buzz out of tackling it on the day and afterwards within their
organisations.

The role of the facilitator and rest of the workshop team will be to seek to maintain these key
elements of which the most important one will be the element of emotional excitement.

In order to prepare the workshop team a facilitator’'s seminar will be held facilitated by the
project’s advisor on participatory methods.

Workshop structure

The workshop day will be structured as set out in table 2. In order to maintain an evaluative
thread each workshop will have some evaluation activity built into the programme. Details will
be included in the evaluation plan with space made available at the beginning and end of
each workshop day.
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Workshop Structure

09:30 — 10:00 Registration & Preliminary evaluative exercise

10:00 — 10:15 Welcome & Introduction to the Day

10:15-11:15 Overview of Stamford Brook Key Messages

11:15-11:30 Coffee Break

11:30 — 12:00 Overview of Good Homes Alliance Key Messages

12:00 — 13:00 Breakout Groups — Session 1

13:00 — 13:45 Lunch

13:45 - 14:45 Breakout Groups — Session 2

14:45 - 15:15 Poster Presentation and open forum + Coffee break

15:15 - 16:00 Plenary Session — Review and implications for a Road Map to 2016 &
final evaluative exercise

Evaluation

Evaluation of the project is the subject of a more detailed evaluation plan that accompanies
this knowledge exchange plan. In broad terms the objective of evaluation is to evaluate
change in three important areas. The areas are summarised below.

e Evaluate change in participants: This will involve seeking to understand the extent
to which the workshops develop awareness, understanding and propensity to action
in the minds of participants. The use of evaluative assessments at the beginning and
end of workshops will play a part in this. Also the receipt of comments and reflections
on workshop materials will be used to provide an indication of the extent of
engagement with the issues. As indicated below it is expected that the evaluation
workshop will play an important part in this process.

e Evaluate change in collective understanding: This dimension is aimed as much at
the project team as participants since the fundamental ethos of the programme is to
ensure that knowledge exchange is a two way process in which everyone learns
more about the issues and difficulties of achieving low and zero carbon housing. The
discussion at the workshops, reflection on outcomes and formal evaluation at the final
workshop and throughout the final reporting process will all play their part in
developing change in collective understanding.

e Evaluate policy & systems change opportunities: Developing change in policy is
not likely to emerge during the very limited life of the project programme. However the
programme offers opportunities for engaging policy makers and other key opinion
formers and catalistic individuals & organisations. In evaluating the programme the
attendance of policy makers at workshops and assessment by and reflections of the
project advisory group will add to the range of opportunities afforded by the project.
As with other areas this will be assessed during the project evaluation workshop and
final reporting process.

Final evaluation workshop

This event will consist of an invited group of participants drawn from policy makers in
government and others in the industry with an ability to influence change at a number of
levels. It will also consist of selected participants from the main workshop programme. It is
hoped that, in this way, we will be able to maintain continuity in the programme and enable
participants form the main programme to contribute to the debate about the implications of the
outputs from the main workshop programme for government and industry policy and
structures.
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Appendix 2

Evaluation Plan
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Evaluation plan for the LowCarb4Real Project

Robert Lowe, University College London
in discussion with
Laifong Chiu, University of Leeds
20 May 2008

Introduction and background

The LowCarb4Real project is complex and it has taken the Project Team some months to
reach a reasonably comprehensive understanding of the task it is engaged in. As a
consequence of this complexity, a fairly full introduction to the evaluation plan is needed.
Despite the progress that has been made, this plan will remain subject to change in the light
of comments from stakeholders, experience with the workshops and resource constraints.
The summary of the LowCarb4Real contained in the original proposal read as follows:

The objective of this idea is to set up and execute a knowledge exchange programme
for low carbon (energy efficient) new housing. It will be based on learning from the
Stamford Brook Field Trial, which is an action research project funded by CLG and
involving the National Trust, Redrow Homes, Bryant Homes, NHBC, CITB, Vent Axia,
and the Concrete Block Association. The 6 year trial, which concludes in November
2007, sought to assess, in a comprehensive way, the issues involved in improving the
carbon performance of mainstream house building. The project has generated an
unprecedented amount of learning related to airtightness, envelope integrity and
systems performance, at all levels including building physics, dwelling design, site
management, workforce training and procurement systems. Given the challenging
regulatory targets proposed by government aimed at Zero Carbon new housing within
10 years, it is crucial that the learning from field trials such as Stamford Brook is
captured, refined, contextualised and embedded as thoroughly as possible within the
national house building in general and in London and the south east in particular. This
proposal seeks to develop such a programme and to act as a model for industry
based research and knowledge exchange designed to make zero carbon housing a
reality.

As this makes clear, at this stage, the LowCarb4Real team conceived of the project, in the
main, as a knowledge transfer project. This has been modified as a result of development
work over the last 4 months, and particularly the realisation that:

knowledge transfer to a maximum of perhaps 200 individuals® would reach around
0.1% of people employed in the house building industry, and support for such a
project would be hard to justify economically.

the housebuilding indusry is now operating in a highly dynamic context — CO,
emissions limits for new housing®, which have, on paper, fallen by almost a factor of 2
since 1995, are set to fall to zero by around 2015 (see figure 1). The proposed
trajectory for the next 7-10 years implies an unprecedented rate of change within the
industry, which is likely to render much of the Level 1 learning from Stamford Brook
obselete within a few years.

the Stamford Brook Project shed unprecedented light on the technical performance,
and technical origins of this performance, of dwellings designed to a standard roughly
15% better than the 2006 Building Regulations7. But it shed rather less light on how
better performance might be achieved, other than to observe that it would require a
revolution in culture, organisation and practices within the construction industry.

® The project is currrently planning to run 6 knowledge exchange workshops, with a target
attendance of 30 at each.

6 ...excluding emissions associated with electricity use by appliances.

" This is roughly midway between Code for Sustainable Homes Levels 1 and 2.
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Figure 1. Formal CO, limits for new housing based on DCLG 2006 a&b. Emissions
from electrical appliances and the projections backward to 1995 are estimated.

The response of the LowCarb4Real team has been to refocus the project on knowledge
exchange and to place more emphasis on interactions between participants as shown in
Figure 2 below. We expect that most interaction will take place on levels 1-3, but that issues
and insights at level 4 will emerge through collective reflection in workshops and the advisory
group.

We expect the project to facilitate learning at two main levels®:

e Level 1 refers to learning that is specific, context bound and concrete. The
importance of and possible solutions to the party wall bypass are an example of
learning at this level.

e Level 2 learning — “learning to learn” increases the ability of individuals, systems,
research groups and companies to learn and to apply learning at level 1.

Ultimately for the housebuilding industry, it is the fruits of level 1 learning that are built into
houses and determine their performance. For academia, level 1 learning would include
specifications and protocols for various types of investigation. As noted above, the purpose
of level 2 learning is to increase the ability of individuals, systems, research groups and
companies to learn and to apply learning at level 1. What was established at Stamford Brook
was an environment and a process within which learning could and did take place. The key
questions at level 2 are, how did we achieve this, how might we repeat it, and how might we
improve upon it?

® These learning levels are based on Bateson (1973) Steps to an Ecology of Mind, London:
Paladin. We realise that we are using the word “level” in two distinct senses here, and that
the terminology needs refinement.
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Level 4:
Policy support
and constraints

Macro

Meso

Level 1: Learning from ST technical outcomes

Figure 2. Mapping the potential impacts of the LowCarb4Real Project.

One of the most immediate impacts of this re-thinking on the organisation of the workshops is
a move from separate workshops for separate functional groups of participants, to integrated
workshops with invitations to people representing all 4 levels in figure 2 to each workshop.
This also has the effect of making the project more robust against the inevitable uncertainties
in recruitment, since it will still be possible to run the later workshops, albeit with some
modifications to programme, in the absence of any particular group.

Sustainability evaluation

This project does not aim to engage with the community as a whole, but primarily with the
community of practice formed by the construction industry and secondarily with the policy
making community. This community of practice breaks down into smaller communities,
operatives, management and supervision, and board level.

This project will address the first four sustainability principles set out in figure 3, as follows:
environmental, by increasing the housebuilding industry’s capacity to deliver on energy
performance targets for new homes;

economic, by supporting all levels of the construction industry through the revolution in
performance standards described earlier;

social, through its direct and indirect impacts on skills and job satisfaction;

governance, by increasing the understanding of policy makers of the implications at all levels
of the housebuilding industry, of the proposed energy performance standards for new
housing.

The fifth principle, sound science, will be addressed by:

e providing a dissemination route for technical and procedural findings from Stamford
Brook and other recent and on-going projects to participants and stakeholders. These
findings are based on scientific work of the highest standards.

e adopting a rigorous approach to documenting and reflecting on workshops, and to
reporting on the project as a whole.
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Five Sustainability Principles to be addressed

Living within Ensuring a strong Achieving a Promoting Using sound
environmental healthy and just sustainable good science
limits society economy governance

A 4 v v v v

Fo

Evaluation Criteria (in the form of sustainability objectives)

r each orinciole there is a set of sustainabilitv obiectives that are meaninaful at the communitv scale

Examples of how each objective can be met

Figure 3. Sustainability Principles, from OISD Independent Evaluation Notes for Participants
in the UrbanBuzz Programme.

Our sustainability objectives are to:

1.

improve the understanding of the Level 1 and 2 learnings from Stamford Brook
among all workshop participants. We expect the direct impact of this on energy
performance of new dwellings to be modest and probably impossible to measure
directly, because of the relatively small numbers of participants involved. However,
impacts on knowledge and attitudes of individual participants in LowCarb4Real
workshops will be measurable.

to achieve a better understanding of what is needed to achieve objective 1 among
much larger groups of participants in Knowledge Transfer projects that we hope will
follow LowCarb4Real, through reflective interaction with workshop participants, and to
communicate this to stakeholders through the Project Advisory Groupg, the Final
Review Event in October and the final project report.

to achieve a better understanding of the management and organisational implications
of the findings from Stamford Brook and other projects, through through reflective
interaction with and between workshop participants, through further reflection in
successive meetings of the Project Advisory Group, and through the Final Review
Event in October.

to begin to explore the implications for policy of the above, once again, through
reflective interaction with and between workshop participants, through further
reflection in successive meetings of the Project Advisory Group, and through the
Final Review Event in October.

Stakeholder analysis

The complexity of the system that LowCarb4Real is dealing with is illustrated in the figure
below. As well as showing the main stakeholders, this figure identifies two constituencies not
currently included in the project.

® Two recent insights from the formative phase of the project are: first, that the meetings of the
Project Advisory Group constitute an additional series of workshops, and second, that the
Project Team will be partipants in as well as organisers and facilitators of the workshops.
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Building
Control...

The above figure is based on an initial stakeholder analysis undertaken during and shortly
after the Project’s kick-off meeting in February, and the thinking, reflected in the composition
of the Advisory Group, has already moved on. The intention is to update this stakeholder
analysis at intervals through the project.

The construction industry consists of a wide variety of organisations and interests. This
variety is reflected in the partners and stakeholders in the LowCarb4Real Project .
Understanding the different perspectives and interests is essential to the task of transforming
the Construction Industry.

Evaluation
The structure of the LowCarb4Real Project comprises four learning cycles:

e three blocks of 2 workshops followed by joint reflection in team and advisory group
meetings;

¢ the Final Review Event and evaluation workshop.
This structure provides the opportunity for significant learning and development (objective 2
above). The evaluation plan is set out in detail in the following tables.
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Sustainability or
Knowledge Transfer
Objective

(activities))

How your project is meeting
this objective (What action will
you take to meet this objective?
There may be a number of ways

Indicator (what sort of information
will provide a measure of progress
in meeting the objective through the
activity you are doing)

Evidence (Supporting information evidence to
demonstrate (measure) progress on each activity -
include strategies or changes made or planned to
overcome any barriers encountered)

Environmental

To reduce energy

Through improved understanding

Improved energy performance of

Likely to be small and probably impossible to

use and CO, of the Level 1 and 2 learnings new dwellings. measure directly, because of the small numbers of
emissions from new | from Stamford Brook among all participants involved and short time-scale and
housing workshop participants. restricted resources.
Indirect indicator — change in Before and after questionnaires to be completed
knowledge and attitudes of individual | by workshop participants.
participants in LowCarb4Real Analysis of reflections of workshop participants
workshops. based on notes and audio recordings.
Discussion and reflection in advisory group
meetings, based on recordings and minutes.
Email traffic.
Social
To improve the Directly, through improved Direct impact on energy performance | Direct impact likely to be small and probably
physical understanding of the Level 1 and | of new dwellings impossible to measure, because of the small
infrastructure, 2 learnings from Stamford Brook numbers of participants involved and short time-
reduce future risks among all workshop participants. scale and restricted resources.
fuel poverty

associated with
instability of the
energy market,

To maintain the
notion of the
construction industry
as a skilled industry

Indirect indicator — change in
knowledge and attitudes of individual
participants in LowCarb4Real
workshops.

as above
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Indirectly through dissemination
within ‘community of practice’
(Wenger, 1999).

Indirect impact depends on
production and refinement of
dissemination tools through
workshop cycles

effective dissemination, harnessing
of stakeholder networks

Posters, final report.

Analysis of feedback from stakeholders through

Advisory Group.

Economic

Supporting all levels
of the construction
industry though the
on-going revolution
in energy
performance
standards.

Ensuring that the UK
has a construction
industry capable of
delivering the
energy and carbon
efficient dwellings
needed following the
peaking of global oil
and gas production.

Directly, through improved
understanding of the Level 1 and
2 learnings from Stamford Brook
among all workshop participants.
Indirectly, through dissemination
of project outputs to industry.
Directly, through improved
understanding of structural
implications of learnings from
Stamford Brook and GHA among
all workshop participants.

Change in knowledge and attitudes
of individual participants in
LowCarb4Real workshops.
Discussion and reflections of industry
partners in workshops and advisory
group meetings.

Before and after questionnaires to be completed
by workshop participants.

Notes and audio recordings of workshops
Recordings and minutes of Advisory Group

meetings.

Indirectly, through dissemination
of project outputs to industry.

Posters, final report.

Analysis of feedback from stakeholders through

Advisory Group.
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Governance

Increase the
understanding of
policy makers of the
implications at all
levels of the
housebuilding
industry, of the
proposed energy
performance
standards for new
housing.

Involvement of official in CLG
Sustainable Buildings Division on
Project Advisory Group.
Involvement of senior
representative of Housing
Corporation.

Discussion and reflections in
workshops and advisory group
meetings.

Analysis of notes and audio recordings of
workshops.

Analysis of Advisory Group minutes and email
traffic.

Identification and
exploration of
institutional and
legislative barriers to
change.

Interactions between all
participants in workshops and
Advisory Group.

Views emerging from individual
participants in LowCarb4Real
workshops, discussion and
reflections of industry partners in
workshops and advisory group
meetings.

Qualitative analysis of notes and audio recordings
of workshops (using NVivo or equivalent software).
Analysis of Advisory Group minutes.

Promotion of future
learning networks.

Intentions of Stakeholders to
maintain network beyond the life of
the project.

Intentions measured using feedback questionnaire
and expressed at Final Review Event

Sound Science

Base the KT
programme on best
available scientific
knowledge

Use of findings from Stamford
Brook Project as basis for
workshops

Posters, final report, journal publications.
Evaluations by stakeholders and workshop
participants.

Use of Participatory Action
Research Approach as basis for
LowCarb4Real project.

Multidisciplinary core project team,
supported by AR expert.
Documentation and evaluation of
process and outcomes. Use of
reflective techniques.

Workshop plan, and project evaluation plan.
Stakeholder analysis. Notes from workshop
facilitation training workshop. Audit trail of
decisions and documents, event log and
discussion papers.
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Knowledge
Exchange

To establish an
effective model for
knowledge
exchange within the
construction
Industry.

Iterative learning through

workshops, Final Review Event.

Support for facilitation.

Evaluation of workshops by
participants and stakeholders.
Views and reflections of all
participants.

Before and after questionnaires to be completed
by workshop participants.

Notes from workshop facilitation event.

Notes and audio recordings of workshops and
Final Review Event.

Recordings and minutes of Advisory Group
meetings.

To encourage the
intention of
participants to
establish effective
and durable learning
network.

Learning of all participants in
LC4R Project.

Extent of Level 2 learning to be
retained beyond life of Project.

Significant learning of project team,
advisory groups and participants
Active participation of stakeholders
through Advisory Group.

Stakeholder analysis , attendance and minutes of
Advisory Group meetings, email traffic.

Issues debated at advisory meetings

The extent of contributions of stakeholders to the
project.

References

Bateson (1973) Steps to an Ecology of Mind, London: Paladin.
Wenger, E. (1999) Communities of Practice. Learning, meaning and identity, Cambridge: Cambridge University Press
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Appendix 3

Posters

Project poster
LowCarb4Real: Developing a Road Map to 2016

Stamford Brook collection

Developing Low Carbon Housing: Lessons from Stamford Brook

Stamford Brook Publications & Reports

Design collection

Thermal Design Principles
Thermal Bridging

Thermal Bypassing
Airtightness Design Principles

Construction collection
Air Barrier Construction

Process collection

Construction Planning
Closing the Loop

Workshop collection

Needs of Designers & Constructors

Airtightness - Technical Issues

Airtightness - Wider Implications

Methods; Converting Inputs into Outcomes

‘Needs’ of Designers & Constructors; Change Categories
‘Needs’ of Designers & Constructors; Key Imperatives

GHA case study collection

Bladon - Overview

Bladon - Airtightness

Bladon - Thermal Bridging
Bladon - Thermal Bypassing
One Brighton - Overview

One Brighton - Airtightness

One Brighton - Thermal Bridging
Stawell — Overview

Stawell — Airtightness

Stawell — Thermal Bridging
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LowCarb4Real:
Developing a Road Map to 2016

Knowledge Exchange in Partnership
Working with industry to make low & zero carbon housing a reality, where it matters, “on the ground”.

By Using lessons from the Stamford Brook sustainable
b housing field trial and the experience of the Good
*._ ' ||Homes Alliance (GHA) LowCarb4Feal is engaging

& ||with industry to seek ways of improving the per-
F.*’ formance of new house building.

s ¢ : Stamiford Brook provides lessons about:
Closing the Performance Gap * Design processes
The findings of the Stamford Brook field trial » Conslruction processes
have demonstrated that there is a gulf « Technology
between designed performance and | + Building physics

measured performance.

« Skils and training

Objectives
To facilitate knowledge exchange based on two key areas
of learning:
+ The application of construction technelogy and the
key technical issues in low carbon design and
construction.
» The development of improved housing procurement
and building processes.
In each area, the programme will develop not only the
specific lessons from the research but also the underlying
lessons and barriers to change so that technelogy and
processes can be adjusted and redesigned as the
industry moves towards the goal of zero carbon housing.

Key Stakeholders

Housebuilders and developers

Social landiords and local authorities

Policymakers

Architects, designers, planners and building service

e challenges and barriers to closing this

ap are considerable:

» Cultural - there is no tradition of energy
performance measurament or of design
and production processes in which
measured performance is fed back to
create system improvemeants.

» Knowledge and understanding - the

principles of effective thermal envelope

and systems design and construction are

not well understood or prioritised .

Improvements are required at all levels,

from developers & designers to site

operatives.

Regulatory implementation - although

standards have improved, it is widely .

recognised that energy standards are engneer.s s .

neither well enforced nor measured. = Academic institutions and research establishments

The findings from Stamford Brook and . ‘ » Training organisations and professional bodies

lexperiences from GHA members throw ’ . + Supply chain and trade associations

considerable light both on immediate o ] " i " iicli

i s and on oo 3 B i ot st oo

production processes and industry cultures, WOFkShOD Program me

all of which reinforce the need for the
lestablishment of durable and effective The LowCarb4Heal project seeks to foster two way
learning partnerships. knowledge exchange designed to develop skills,

— . knowledge and understandings within all the stakeholder

groups.

Cultural Change The programme is based around 6 interactive workshops
The carbon emission limits of Code Level 3 and beyond are with people from all levels within the industry. Workshops
likefy to entail increasing complexity, less redundancy, faster will explore the lessons for
rates of innovation and unfamiliar low and zero carbon technolo-fle  design
gies. Unless the wider industry is able to develop systems and a |l  construction practices
culture capable of managing these challenges, underperfor- « production processes
mange is likely to increase. The implications for industry structures & cultures,
The key to managing change is the transformation of successful | government policy and education & training will be drawn
: construction companies into learning organisations. This will out towards the end of the project in an evaluative work-
.| necessitate a closer partnerships between industry, academia  {{shop aimed at influencing key stakeholders.

significantly to building sustainable communities in the future,

eloping Low Carbon Housing: Lassons from The Fald The Stamford B Project Partners
£121,785 UrbanBLez grant plus £232 672 in-kind contributions ; _) 25
University Gollege Londan, Leeds Metropolian Uniersity % leeds metropolitan university PG
Good Homes Alllance, Mational Trust, Tayler Wimpey, Redrow, University of Leeds ':% TRUST
incis: Prof, Malcoim Bel, Loeds Metropoftan Uniersity {m, ac.uk) il g S
Prof. Bob Lows, Bartatt School of Graduate Studies, UGL (robst.loweguct.ac.uk) REDROW BryontHomes  Fear oo m
Jon Beatiand, Good Homes Alliance (nfo@goodhomes. ong.uk) Vent-Axia m,. m:m NHBC
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Developing Low Carbon Housing: \?,'“;%%m.m ool
Alliance
reall|_essons from Stamford Brook SliciL

v

Background to the Stamford Brook Field Trial

Stamford Brook is a development of over 700 cavity masonry dwellings being constructed on part of the)
National Trust’s Dunham Massey Estate near Altrincham under a partnership agreement between the|
National Trust and the developers, Redrow and Bryant. The implementation and assessment of the ad-
vanced EPS08 energy standard being used on the development formed the basis of the Stamford)
Brook field trial carried out by the Centre for the Built Environment at Leeds Metropolitan University.

Nominal versus Realised Performance
Measurements showed a significant discrepancy between the energy per-
formance of a dweling, as designed and that realised, as constructed and in
I | i<, typically around 20% higher than predicted by modelling, It was possible
Al rtig htness to account for the difference between measured and predicted performance
e by taking into account factors such as:
Mean air permeability of 44 tested

dwellings at Stamford Brook was 4.5 % Then:nsl Dypess=s T
m/(h.m’}@50Pa versus the target of 5 » Heating system inefiiciencies
m¥h.m@s0Pa + Higher than predicted thermal bridaing
This is significantly better than existing ||« Real fabric U-values higher than norminal
UK practice which is typically of the or- ||, 3

der 10 m¥/ih.m)@50Pa Unusual occupant behaviour patterns
Analysis and construction cbservations
indicate that low levels of air leakage
are possible with cavity masonry con-
struction as long as sufiicient consid-
eration is given to the design and con-
struction of the air barrier

Thermal Bypassing

Coheating tests showed that:

» Whole house heat loss coefficients were up to 100%
higher than predicted

Analysis showed discrepancy mainly due to thermal
bypass via the party wall cavity

Effective U-value of the party wall was found to be of
the order 0.5 W/m*K.

Key Lessons from Stamford Brook
Design to optimise thermal design principles
Raise awareness of thermal bypasses
Improve detailed design and heating system design
Integraticn of building services into designs
Design for inspection and testing
Continucus improvement in design and construction
Better communication between design and construc-
tion teams
Enforce change control procedures
Improve buildabiity of details
Reduce design complexity
Ensure build sequencing is logical and consistent
Reduce construction variability
Improve process mapping
Mare comprehensive design documentation
Mare performance measurement and feedback
Collaborate with supply chain and subcontractors
Improve training and education at all levels

oL B

Wohmere s chongu et pact @ By

Process lssues
The root causes of the measured gaps in energy performance are more complex than a
simple list of design and construction characteristics and system inefficiencies would
suggest. They relate much more to the interrelationship of the various parts of the whole
process from design, construction and training through to completion and cccupation.
We have identified a range of process issues including:
+ Failures in the system of regulatory advice
+ The need for more integration between different
parts of building regulation

+ Problems with levels of understanding within the
design and construction process
Inadequate design tools and maodelling protocols
Foor training of designers and building physicists
A lack of comprehensive performance testing and b £ il

: ? . n new housing within
prototyping of designs and details . . 10 years, it is crucial that
* A lack of feedback of performance data into the design process the key lessons and
» The need for significant changes in planning and executing the construction process || messages are captured,
As energy performance targets approach Zero Carbon standards, even small inadequa- || refined, contextualised
cies in the construction process can result in significant levels of under performance in || @nd disseminated as
terms of carbon emissions. There is now therefore an imperative for the UK housing in- || Widely as PDSS'U_G within
dustry to learn from the Stamford Brook experience, rethink the whole construction the UK house building
process and to embrace modern process improvement tools and systems thinking. industry.

Knowledge Exchange

The Stamford Brook project has generated an unprece-
dented amount of learning. Given the challenging regula-
tory targets proposed by government aimed at Zero Car-

] oping Low
121,785 Urkmanr grant phus \J’}? ‘F?.’ n )umi c:nnlilbmlnns

f !ﬂ»

[ 115 Leeds Metropoftan University, University College London @ leeds metropolitan university

Proje 15 Good Homes Allance, National Trust, Taylor Wimpey, Redrow, University of Leeds / NﬁTioNﬁl

Conlacts: Prof. Malkcolm Bell, Loeds Matropelitan Uriversity (m bell@leedsmel. ac k) pron TRUST
Prol. Bob Lows, Bartielt School of Graduate Studies, UCL robert lows@ud ac k) REDROW Bryant Homes {a { e

Jon Boolland, Good Homes Allance [infoégoodhomes. ong.uk)
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Leeds Metropolitan University: Stamford Brook Field Trial Interim & Final Reports
http://www.leedsmet.ac. uk/as/cebefprqectsfstamford/mdex htm

Deliverable 1; 51 Nicholas Court Final Project Report (April
This report describes the EPS08 energy standard, its first appllcatncm on the St Nicholas Court housing development in York, as well as a detailed
description and analysis of the design process and costings for the St Nicholas Court project.

Deliverable 2! Interim rt: Design Process (April 2004)
This report documents the progress of the Stamford Brook project up to spring 2004, This includes the drafting of environmental and energy stan-
dards de5|gn team assemhly site layout and dwelling desi
Deliverable 4: Interim Report; Construction Process (July
This report describes site observations from the early stages of ccnslructlon at Stamford Brook
Deliverable 5: Intenm Re uction Testing and Enve Performance (July 2008)
Thus repont details the results of a range of dwelling performance tests carried out on compleled dwellings at Stamford Brook.

able 6 Interim Repon: Airtightness Monitoring, Qualitative Design and Cons n Ass nents (July 2007)
Thls report describes the results of detailed construction observations and airtightness tests on nine dwellings at Stamford Brook. A critical analysis
of the data is given in relation to the design end construction of airtight dwelllngs
Deliverable 7; Interim Report: Coheating Test il igatio arty Wall Thermal Bypass (May 2007)
This report describes coheating experlments dmlgned to explore the mechanism and magnituce of the thermal bypass via the party wall cavity be-
tween semi-detached and terraced dwellings and to lnvesngate methods of blockmg the bypass
Deliverable 8; Final Report: Leszons from Stamford Brook - Understanding the Gap t ean De d & Real Performance { i 007)
The final report summarises the results and ooncluslons of the interim project reports. Also discussed are the resulls of intensive in-use energy
manitoring of four cccupied dwellings at Stamford Brook. The implications of the data obtained during the project are discussed in the context of is-
sues such as building regulation, future energy standards, design, construction processes, training and occupant behaviour patterns.

port: Post-Constr

National Trust, Bryant & |l | geds Metropolitan University:
Redrow Report: Volume - |l Stamford Brook Journal Articles

Delivering Sustainable http://online.sagepub.com/
Housing
http:// LOWE, R.J. P\I'\HNGFIELD J BELL M &BELL

www.nationaltrust.org.uk/

main/w-stamford- Semces Englneenng Research & Technology, Vol-
brook.pdf ume 28, Part 2, pp 161-181

“Volume - Delivering Sustainable Housing” has been published by the FiOBEF! HN T 2005
National Trust, Redrow Homes and Bryant Homes. Based on the ex- 1,05 JO I D G EE S ( in r\}
perience of Stamford Brook, the report highlights the major obstacles Bulk:rng
which need to be overcome to make high environmental standards on Serwc En Research & Technol Vol-
volume housing building standard practice across the UK and ulti- bk il ooy
mately reach the target of zero carbon new homes by 2016,

2z Project—Developing Low Cart ing: Less m The Field The Stamford Brock Project P
o £121,785 UrbanBuzz grant phus £232,972 in-kind mnhlmtms @ -
dlons: Leeds Metropoltan University, University College London ) leeds metropolitan university THE
s Good Homes Allance, National Trust, Taylor Wimpey, Redrow, University of Leeds NATIONAL
tacts: Prof. Malkcolm B, Leeds Mitropalitan Uriversity (m bell@lsedsmet.ac k) P TRUST
Prol. Bob Lowe, Bartlett School of Graduate Stidies, UCL frobertlowed@ud ac.uk m;EDw P ,\_m‘-»_-,-u__-_'g | ucl

Jon Bootland, Good Homes Allance infofigoodhomes.org.uk)
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LowCarb4Real; Design collection:
Thermal design principles
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* Thermal can ocour whene:

* Thermal Bridging can occur where:

- The gaomsm: design creates di

Understand thermal performance

— Air barrier and/or insulation layer are not continuous around the external envelope

= Air barrier and/or insulation layer do not continue across junctions between attached buiidings
- Air barrier and insulation become separated

- There are poorly designed cavities that penetrate the air barrier/insulation layer

- Materials of higher thermal conductivities allow greater flows of heat than the sumounding area
between internal and external heat loss areas

Ensure details are thermally efficient
* Thermal inefficiencies can occur where:
- There Is insufficient consideration of thermal/airtightness issues in both design & construction
- There is no clear thermal fabric performance strategy
- The heating and/or cooling system capacities are incomectly specified
- Insulation is omitted, misplaced, or positioned where its benefit is compromised
~ Inappropriate products/materials are specified

Allow for buildability

* Sequencing issues can occur where:

+ Design complexity issues arse whene:

- The build sequence is inflexible and not included in the designs
- Build sequence i dictated by operatives presence on site rather than planned timings

- There are insufficient skilled or appropriately trained operatives
for

Tharrrad bridge
trrouph wall and

= "Simple” designs are rep

Compel site teams to look at de sign information
# Failure of design cormmunication systems can occur whene:

- Different trades work from different sets or versions of drawings

- Operatives work from “experience” rather than from designs

— Third party drawings lack details not dirsctly related to their specific trade

— Staff are incomectly trained or inducted, or miss staff briefings

= There is a shortage of detall design drawings available on site

Dhscontiuity in
& barriar —air
flow through
wall and $00r
space

as designed

as built

'» Where details rely on the work of more than one trade:

Minimise design modifications and materlal substltutlons
= Check changes are thought through and approved:
- Avoid on site ad hoe designs
- Design modification approvals process needs 1o be robust
- Specification changes need recording and new documents issued immediately
— Alterations to designs and product substitutions require the same rigorous vetting procedures as onginal
designs and material choices

- If one trade makes an alteration to a design, ensure this i disseminated to all other trades
- Introduce procedural instructions into the design and construction notes

* Persavera with a rigid testing regims:

well as on completion

- Coheating tests, if practicable

Is thermal perforrnance measured routinely?

- Physical testing or quality control checks on all materials and components
- Air permeability tests, test on completion of the air barrier (when problers can easily be rectified) as

- Thermal imaging and physical measurement of heat movement when conditions permit

- Post-occupancy monitoring

|dentify problems & prnpoae solutlons

Use measurement to provide feedback on performance
* Analyse data from testing and monitoring, then act on it:
- Identity areas of under-performance and notice trends developing
~ Establish whene maximum benefit can be obtained with future investment
- Amend designs accordingly
Learn from mistakes
» Repeating the same mistakes costs time, effort and money;
- If operatives have to work around problems, ensure this filters back to design staff,
— Eliminate the wasteful practise of “design, buld, break-into, install, repair”
= Amend designs accordingly

= Don’t assume, measure

Are regulation standards being achieved on the ground?
* How do you know how your dweling performs?
- Ensure inspections occur when the element being checkid is visible or accessible

- It monitoring, be as comprehensive as practicable to isolate occupier effects as much as possible
» How do others know how your d.vemng performs?

= Can you ¢ your o

can prove it

-Howdoynugmwlhanuctleve!rlyoudontknowwhereyouamatngmnow?
- If you are building to a higher standard than the UK norm, let people know and show them that you |

::. \Perrarmanc.e Gap o i
f.. R
§ B TR
. \
If not, why not? gw ~N
‘&"f.é'.f@’ffff;
LA A A A

t—Developing Low

Carbon

.e«ds Metropoftan Lhwersly and thver
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Thermal bridging

I..lrhanB zz

m UNIVERSITY OF LEEDS

\What is a thermal bridge?

« A thermal bridge is created when matenals that are poorer insulators
than surrounding materials come in contact, allowing heat to flow
through the path created.

Insulation adjacent to a bridge is of limited help in preventing heat loss
{or gain} due to thermal bridging; the bridging has to be eliminated, re-
built with a reduced cross-section or with materials that have better in-
sulating properties, or with an additional insulating component (a ther-

mal breal).

Types of thermal bridge

« Repeating: where bridges occur following a regular pattern, such as
that made by wall ties penetrating a cavity wall or timber studs in a
timber frame external wall..

Non-repeating: where bridges occur that are detail specific, such as
the bridging of a cavity wall by a combined lintel or at a door thresh-
old.

Geometric: at the junction of two or more planes, such as at the
corner of an external wall or at the eaves.

Repeating thermal bridges

With a higher level of insulation, the relative importance of thenmal bridges in-
creases in the energy balance. With this in mind, repeating thermal bridges which
may have been acceptable In the past need to be designed out to achieve the en-
ergy performance standards required in today’s lower carbon emission dwellings.

Geometric thermal bridges

* Thesa can be either 2-
dimensional (where 2 planes
intersect) or 3-dimensional
(at the junction of 3 or more

Timber studwork in standard timber frame cor ion, and in pre- red planes).
insulated panels (o), may create repeating thermal bridges that will need to be de- Geometric thermal bridges
signed out; most commonly by the addition of a suppianmtary I-ayar of Insulatlon are due to the shape of the

uliding or, more specn::auy due to the shape of the thermal
pe. Anincrease in the complexity of the building
metry is llable to increase the occumence of junctions that)
isplay a degree of geometric themnal bridging.
-D junctions offer a level of complexity that is often difficult
0 visualise from 2-D drawings alone and frequently require
hanges in material as well as in direction,
esigns must ensune that such issues are not left '[0 site
peratives to solve but are i
dressed fully at the design
stage, considering such
concems as continuity of
insulation, buildability, build

At Stamford Brook (right), traditional stainless
steel wall-ties would have significantly in-
creased the heat loss through the masonry-
cavity external walls, effectively bypassing
much of the 142mm of retro-filled blown-
fibre insulation. The use of Kristiansen Refusl
250mm glass-filed thermoplastic polyester
wall-ties {with a thermal transmittance wel
below that of steel) went some way 1o re-
ducing the repeating thermal bridging.

Non- thermal brldge@ are Intermittent and often caused by disconti- |[Sequence and procedural
nuities in the designed thermal envelope. These may be constructive or ma- | LSUes.
Criginad separste it | 1EM1A1 thermal bridges, frequently observed around openings and other in- Thetnl v et [ErE—— el we

dasign at Stamfond Brook:

stances where materials of different thermal conductivities form the external

anvelope.

Thermmal bridges can be quantified by calculating the linear thermal transmit-

tance (‘P-valug), measured in W/m, This is the additional heat loss (or gain)

through the building snvelope per metre length of that detall, and can be cal-

culate by using software such as lhe freely available THERM package from

| LENL {nitperwinchows At e himl) and the resultant values fed
back into SAP to establish the DER rather than use the default values for ac-

credited construction details (se ),

Design changes, whather in the design or construction phases need to be re-

viewed and thermal bridging re-calculate to avoid potential problams (tew).

In more extreme cases thermal bridging can significantly increase the risk of

swface of interstitial condensaﬂon and promote mould growth,

Fan

Thesmal baidge at lln. Stamiord IJrook bay window I\eat‘r the: design incuded an insu-
tated head ner which was omitted in the constuction phase for aesthetic reasons.

When calculanng heat loss from a dweling, variations
between as-designed and as-built details can have a
significant on the overall result,
The example illustrated here
shows the difference made by
omission of the intermediate
fioor perimeter insulation in a
timber framed dwelling.
Designs need to ensure that
the likelihood of such errors occurring are minimised,

Rules to assist in the avoidance of thermal bridging
Design Rule Description
Where possible, do not interrupt the thermal envelope.

Prevention Rule

Penetration Rule Where an interrupted insulating layer is unavoidable, thermal

| resistance in the insulation plane should be as high as possible.

At building element junctions, insulating layers should meet without any
gaps. Insulating layers should join without interruption or misalignment.

Design edges to have as obtuse angles as possible.

Junction Rule

Geometry Rule

Adapted rom CEPHELIS {ost Eficknt Passive Houses a5 Eurcpean Standards) - Projecirdormation Mo, 38 Felst, Paper & Garg, 2001)

LL‘udS Mctlupoilnn lhhﬂ'mly md Utlvufdly LA)"LIgP Lnndcn
o5 Good Homes Aliance, National Trust, Taylor Wimpey, Redrow, University of Leeds,
Prof. Malcolm Bell, Leeds Metropoltan University (m.bell@leedsmet.acuk), Prof, Bob Lowe, Bartlett School of Graduate Studes, UCL (robert. Jowe@ud acuk)

51




LowCarb4Real Draft Final Report v1.8 December 2008

LowCarb4Real; Design collection:
Thermal bypassing

’g ; itan Good
=2~ metropol -
ey CH&T&%

\What is a thermal bypass? Two types of bypass

thermal bypass is set up whenever air movement is able to take ||, TyPE 1— Air movement in construction cavities
place in such a way as to reduce the effectiveness of an insulation ||, TYPE 2— Air movement within and around insulation
layer.

.

e

Type 1 The party wall bypass

Most party walls in dwellings have a cavity to reduce sound transmission. This creates a potential air
path that wicks heat away from the dwellings on either side. Heat is lost to the loft space via conduc-
tion through the leaves of the wall or more directly via the movement of air from the cavity to the loft,
space or direct to outside. |

o Toc Cavans i Paty Wk

Part E Robust detail

| Steel frame Construction

(Other Type 1 bypasses can exist in all forms of construction
\Wherever there is a cavity where air can pass to the outside or transport heat across an insula-
It|0n layer a bypass exists. In this “room-in-the-roof’ knee wall the air barrier is separated from the
iinsulation allowing cold outside air to circulate in the void taking heat away and reducing the
ieffectiveness of the roof insulation.

[How large can the heat loss be?
. |Measurements in masonry dwellings at Stamford Brook in Ch e indicate that heat loss is
| |ncreased from the assumed figure of zero to over 0.5 Wim’K (U value} from each dwelling.
'On this development the loss is twice that from the insulated external walls.

Type 2 Examples — air movement around insulation at

cavity insulation boards and at cavity trays
Gaps around insulation allow air to circulate around the insulation taking heat from
the warm side to the cold side. This reduces the
effectiveness of the insulation.

How large can the heat Ioss
be?

Laboratory measi its suggest that heat
loss can more than double depending on the|
size of the gaps around the insulation. |

Avoiding bypasses - Some guiding principles

1. Ensure that the air barrier and insulation layer are in contact with each other at all times
2. Fit insulation tightly to its supporting structure and to each insulation element

3. Ensure continuity of the insulation layer and air barrier

4. Design details that make it easy to accommodate tightly fitting insulation

5. Make allowance for material tolerances when designing joints

6. Minimise the geometric complexity of the thermal envelope

—L—"'I oI |_'.'-'JI| ar
15 Loeds Metropoltan Uaﬂvwsily il u.lwmly Collage L ek
yogect | w15 Good Homes Aliance, National Trust, Taylor Wimpey, Redrow, University of Leeds.

Conlact F’rnl Malcolm Bell, Leads Metropoltan University im belli@eedsmet ac.uk), Prof, Bob Lowe, Bartlelt School of Graduate Studies, UCL (robert Jowedud ac k)

52



LowCarb4Real Draft Final Report v1.8 December 2008

A, LowCarb4Real; Design collection: Y-, ood

L_réall Ajrtightness design principles érrw;. _.,.mmﬂ

Airtightness IS a design issue Primary air barrier - design it with CARE

* Airtightness needs to be addressed at every stage in the design process. CARE - Continuous, Accessible, Robust, Explicit,
Designers should identify a continuous line through the envelope of the ||e Continuous: Air leakage may occur anywhenre where there are discontinui-
dwelling whera the primary air barrier will be: a pen fion test, ties in the air barrier. Care must be taken at junctions of building slements

+ Designers need to ensure that information ks available at the appropriate level and at panetrations to ensure its integrity is maintained.
of detail and that this information is communicated effectively to all construe- ||» Accessibie: The air barmer must be observable for inspection and reach-
tion staff, subcr and their operati able for maintenance and repair.

+ Design information should include procedural specifications which clearly de- |[¢  Robust: The air bamier needs to be robust enough to withstand subsequent
fine the primary air barrer and treatment of it construction and to last the lifetime of the building,

» |tis the designers responsibility to ensure that components forming part of » Explici: There must be conceptual clarty for all statf (whether design or
the air barrier can guarantee adequate aittight performance. construction based) on what constitutes the air bamier, where It i posi-

» Where sealants are used ft should be ensured that they are of the correct tioned and how its continuity is to be maintained.
specification, compatible with adjoining materials and that they have the re-
quired elasticity, or proprietary sealing products considered. Complexity

* Changes to design inforrmation (dweling designs, products or procedures) st e ltrmtin oo
should be communicated quickly, consistently and clearly. These should be é e
recorded and appropriate design documentation retssued immediately. 2 gty

Measurement and feedback

Reqular of the air gsisr y 1o 1 whethel

problems are occurming and if any trends dewlop At Stamford Brnok a systernatic testing

regime highlighted an upward drift in test results and possible problems with the more

complex dweling forms (s=ow), which was acted on and resolved., “

At Stamford Brook air testing was performed using a
blower door with leakage detection carried out by Increasing the design complexity also

===

smoke detection, thermal imaging (when possible) or the number j and
- ¢ preferably both (so.). Results were discussed imme- [details whare continuity of the air bar-
. ate diatedy with sita staff and fed back to rier may be awkward,
§ I b G ot 2 the design teams so that appropriate It Is simpler to design an uncormpli-
! & ad e remedial action could be initiated. icated geometric structure with a very
L a2 o - = +,| Without adequate measurement and basic airtight and thermal barrier in
i = s . % 84+ analsi tis impossible to detenmine contact to avold thermal bypassing.
i = how designs are performing and what ‘Any additional architectural detailing

additional measures need to be taken,
A regular testing regime also heightens

can be supplementead to this basic air-
ht design, with due consideration

= e ey

Testome the awareness of all staff invohved re- given to airtightness, thermal bridging
T T T ) garding aitighiness fssues. ing.
Airtightness and emissions e on haes oo Secondary sealing
hirtig| B crucial to Improving the energy p ol | caulks and foams in an attempt to fimit

chwellings. Air leakage is uncontrolled background ventilation i mavemant, in the hope that this will
Qdcilbmi te the purpose-provided ventilation, and can dra- inhibit overall air leakage.

the = The coheating tests at Stamford Brock

e

[

W haton fer i
mm;ﬁ_: :?O(I_’h's i _‘,E . provided a unique opportunity to quan- g
lomissions from alr leak- |§=| tity this by providing accelerated drying i
i o _| and shrinkage, causing per@ fallure of g;
m important over time =l Ihc_e secondary sealing. The difference E
las buiding fabric has e i i i !.] being comparabilks to thal observed in i
improved to meat rogu i i i (. other dwellings before and after sealing, | ©=
latory standards. Eased on 4 ‘notena” S0m2 sem-caticnec hese || Historically, guidance has placed an over

ane

IWith designers striving lo achieve the lowest possible DER, it || Imporance on secondary sealing,
is imperative that an airtightness strategy is Included In the da- || Which Is only beneficial in the vary short

lsigns with a target that is altainable, and enough information || 1B (L. for an individual tesl) but is not :
inchucked |naa¢§;e it to ﬁeaacllliwagle " " a robust long lem solution. Mhaun b Posms iy (' T @ S2P3

D931gn:ng a|rt|ght dwelllngs SOme gmdehnes for consideration

air bai

of the prima nd that there is cdary

additiona

e with the entire

ject—Developing Low Carbon Housing: Lessons from The Field
Leeds Metropotan University and University College Londoen

. i Good Homes Afiance, National Trust, Taylor Wimpey, Redrow, University of Leeds.

onlacts Pml Malmlrrl Bell, Leeds Metropoltan University {m bell@eedsmet acak), Prof, Bob Lowe, Bartlett School of Graduate Studes, UCL (robert Jowedud ac uk)
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: . : VUﬂM’-GTW Alliance
Air barrier construction Er...»

Alrttghtness IS a construction issue Maintaining the air barrier’s integrity
+ Alrtightness needs to be addressed at every stage in the construction proc-  ||® Aware All construction staff need to be aware of what constitutes the
ess, Waiting until completion places a misconceived reliance on secondary alr berrler where it is positioned and how its continuity is to be rmaintained.
saaling. * Workmanship: Just because you can't see it doesn't mean it's not impor-
* Operatives need to know what they are required to achieve and what consti- tant; workmanship should be of an equally high standard throughout.
tutes an acceptable standard. » Accountabiny: Al staff are accountable for airtightness, not just those
» The imponance of high levels of workmanship in hidden areas should be trades wrwse ‘work directly impinges on the air barmier.
stressed and quality control should be capable of verifying the standard * Respo If anyone damages the air barrier, it is thelr responsibility to
achieved, repair it.
+ Sealants should only be applied in a controlled way based on effective joint  ||# Effort: Alrtight dwelings don't just happen, they require a conscious effort
design. Operatives need to know the type of sealant required and the re- by all concerned.
quirements for surface preparation.

The number of service penetrations should be minimised by coordinating
service routes and synchronizing trades.

At times of increased or accelerated production management processes
should provide additional resources and training to ensure that airtightness
performance does not suffer.

oamsonsndan. Dangerous misconceptions

sealing and less-robust options such as relying on conti 15 ribons of pl board v
adhesive to form the air barrier. Modern guidance now concentrates on a designed-in Continuous

alr barries, Sill, many operatives (and olher buikding professionals) seem unaware of x
this. Howevor, If the primary air barrier on the walls, floor and celling Is continuous

and complete, secondary sealing and continuous ribbons are superfluous.

Whanyousealandlnspectmealrbarﬂe!canbeasin‘pomm

as how you do it In this exampls the slectrical f Sequencing

(e 128} has been sealed at the 1% fix stage, with a suitable The bulld sequence adopted
e ~ mastic, and looks airtight. However, somewhere between then pr;a::[ problems ofacmlbﬁ:yn
S anc;l::f“ﬁx(wm}thsssdsmhasbemmdhhdgadm when constructing the air barrier

no replaced and maintaining its continuity. The

The thenmal image of the de- | lack of detailed planning of work

tail (igh), taken under depres-
surisation, illustrates the air
leakage at this point, as well

sequences can lead to a com-
pleted detall being oonstructed
then damaged for a subsequent installation, before being repairad, This “bu
a <tall - repal” approach is both inefficient and unnecessary.
* The primary air barrier should be completed before it is obscured and its ac-
cessibiity compromised.
* Where possible services penetrations should be fitted with sleeves and

(gaps in the “continuous™
plasterboard dabs.

™ sealed as construction proceeds to avoid the need for breaking out new
Hidden air ieakage paths ol
Typically for UK new build housing, the vastma-  ||e  Sealing of sefvices penetrations should be robust enough to enabile later fit-
Joujly of air leakage occurs through indirect or ting work to be camied out without damage to the seal.
“hidden” leakage paths, via the network of inter- Drling the dretfon fo o wasts

| connected voids throughout the dweling. pipe after the kitchen units have

_ Air may exit the dweling been installed is a commeon prac-

Exaﬁ A at a point far removed tice. However, once the pipe i In-

mple 1 {igh) shows from where smoke de- stallud It becomes extremely difl-
@150mm hole canafully tection revealed it leav- all 1o seal al the ar barrer.
drilled for a @110mm soil ' ing the habitable space,
pipe, leaving a gap
around the pipe of over Example 2 shows a simple “hidden” path, with air leak- B
8000mnT 1], age detected at the junction of the skirting board and the

The tiles are fitted with no attempt to seal these Intermediate floor actually linking up

gaps at the alr barrier [2], allowing air to move freely o agap at the
between the cavity and the vold behind the plaster- Jjamb/sill junction,
board, As this void Is linked to all other volds through the void
throughout the dwelling, air from anywhere within behind the dry

lining, as shown
by the themmal image (i) and
photograph taken during the con-
struction phase ().

the property could escape through these holes.
COnee the tiing Is complete and the soll pipe sealed around (2], It is often ex-
tremely difficult to tell that these “hidden paths” exist; possibly only by thermo-
graphy and even then relying on favourable envir | conditions,

Constructmg airtight dwelhngs Staff traanlng and awareness

e and of a desired guality. Al staff should

ss should be a compulsory part of the site induction, with expla-
3.
neral awareness of the issues.,

ject—[Developing Low Carbon Housing: Lessons from The
Leeds Metropotan University and University College Londoen

i Good Homes Afiance, National Trust, Taylor Wimpey, Redrow, University of Leeds.

onlacts Pml Malmlrrl Bedl, Leeds Metropoltan University im bell@eedsmet ac.ak), Prof, Bob Lowe, Bartlett School of Graduate Studes, UCL (robert lowe@ud ac k)
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At LowCarb4Real: Process collection:
Construction planning

N e Homes
university Alliance
Details raquiring information on

m b
UNIVERSITY OF LEEDS
e sorr commary AITIGNNESS

e Any scheme must have a clearly defined strategy for airtightness; a clearly designated air barrier in the
design of all dweling types (including variations) with all drawings showing the: location of the air barrier
with notes on specific aifightness measures such as sealing and taping.

1= There should be a clear understanding of the airtightness strategy by the client, design and construc-
tion teams and subcontractors,

= Routine pressure testing of dwellings should be undertaken throughout, ideally including pressurisa-
tion testing of each dweilling at a paint at which the air barrier is complete and exposed so defects can
be readily identified and rectified.

e

Primary A Barmior

Ventilation

w= The design of the ventilation system needs to be considered in conjunction with the airtightness strategy: It is likely that the
energy requirements for future developments will require very low levels of air permeability. Hence the ventilation strategy will
be one based on mechanical ventilation, increasingly with heat recovery,

= The ventilation strategy should also consider the risk of summer overheating. This might include an option for overnight
purge ventilation combined with exposed thermal mass.

w= The requirement for a mechanical ventilation system would place additional requirements for dwelling design to ensure that
duct runs and space provision for fans and vents are an integral part of the building design.

Fabric Design and Performance

= The design of the thermal envelope must be addressed very early in the design process with realistic esti-
mates of U-values and thermal bridging effects. This is crucial since there are compromises that may have 1o be made between ther-
mal performance and aesthetic design.

= Design culture is inclined to minimise the problems of detailed design at concept and master planning stage. It is crucial that this
does not happen to avoid subsequent compromises in detalled design and thermal performance.

Process, Production and Quality Control
= These issues are deep-seated and difficult to address in a single develcpment, they should be considered as
longer-term goals for any developer or associated organisation.
= Both initial work and contracts for later stages need to ensure that design and construction teams are capa-
Ol e of demonstrating how they intend to verify performance.

Cost Engineering

w4 The cost engineering process must be designed to fully consider the effects and risks of any proposed changes in products, materials or proc-
esses on thermal performance, airtightness, ventilation, buildability, maintainability, condensation risk, thermal comfort and any other performance
factors.

Training
= The training programme should involve a review of existing processes so that they can be used as training
materials, as well as using material from other sources such as Stamford Brook, GHA members and the

Passivhaus programme,

= Initial training programmes should be planned from the start and incorporated into budgets.,

sy Training should be continually reinforced, refreshed and updated to ensure that messages are not forgot-
ten and that all teams are able to learn from each other as work progresses.

Design Changes
1= Design change and production substitution processes must be set up 1o fully consider the effects and risks of any pro-
posed changes in design, products, materials or processes on thermal performance, airtightness, ventilation, buildability,
maintainability, condensation risk, thermal comfort and any other important performance variables,

1= Training of construction teams and sub-contractors should highlight the potential
b Problems of uncontrolled ad-hoc design changes and product substitutions.

Inspectability, Compliance Measurement

and Performance Checking
= The choice of construction processes and detailing should take into consideration ease of inspection.
sy The development of the required inspection methods and compliance checking protocels should be part of
the overall construction plan. A similar approach to measurement and testing should also be taken,
w2 As with training, the development budget should take into account the need for enhanced inspection and
testing processes.

Feedback and

Continuous Process Development

w= A formal procedure of continuous process development should be used to ensure that process and product
improvernent become an integral part of the overall design and construction process.

ep A range of tools are available around which to form a framework for continuous process development, most
of which are based on some form of PDCA cycle (Plan, Do, Check, Act)

= All of the above criteria are vital to the development of an effective feedback process. Maximum benefit will
only be achieved by planning the entire construction process holistically, in addition to developing each individ-
ual significant area listed above

eloping Low Lessons from The Fleld—LowCarb4
L m=ds Molmnuilan lhm-rslly and tJ.rwe( sily l.cvllagn London
15 Good Homes Aliance, National Trust, Taylor Wimpey, Redrow, University of Leads.

rilact Pml Malcolm B, Leeds Metropoltan University {m. bell@eedsmet.ac.uk), Prof, Bob Lowe, Bartlett School of Graduate Studes, UCL (robert lowe@ud . acuk)
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Thermal design - Closing the Loop

Alliance

|yl [
UNIVERSITY OF LEEDS

Nominal vs Realised Fabric Performance - An MMC Example

-

"‘ | The Stamford Brook field trial showed that even in dwellings considered
0 well-constructed by UK standards, fabric performance may be well below
g " \\ that designed.
8. Perfi Gap The gap between nominal and realised fabric performance is not limited
: —‘*“*“t to traditional methods of construction, but can eceur in any type of bulld.
§v The example detailed below is a mid-terrace property, constructed using
i 0 a closed panel timber frame structure, with a high degree of manufacture
f performed off-site.
% In this case, a dwelling designed to between Code For Sustainable
Homes levels 4 & 5 actual performed as a level 3 property based on fabric
gl alone (the Stamford Brook value also included system inefficiencies).
Detail Design Observations from site Realised | Increase in
Value Value Heat Loss
Floor Floor construction completed prior to research team involvement ]
Joer | 0,20 0.20 = 0.0
Wik} Wim'k)
Wall
S 048 ! 0.30 @ +3.8
(W/nvig) W/ WiaQ
Timber Fraction: Nominal = 2.4%, Real = ~25%
ROOf Increased imber fraction
U"Vaiue = Satflemant of cellulosa Insulation In translt In O . -1 5 + 1 L 5
sloping roof sections WM WK
* |ncomplete flll of mineral fibre Instdation In flat
roof sections
Window Original design had a :
*whole window" U-value of e T
vl 1 .50 hiie whabiw’ Lveha 1o . 2.00 | +9.1
Wiy windows had a “centra- i b= | WK
pane” U-value ol 1.5, a l 3 -
whole window value of 2.0, —— .
Party Wall Experimental measurerments taken re-
aled a thermal I th
Ovae | O ot e 0.40 1+55.2
(W/nvig) an effective U-value of 0.40 W/im?K. WimK) (W)
This Is not Included In any design or SAP
calculations to establish the DER.
=
[——————

The default y-value for

accredied construction
details was assumed In
the deslgn caleulations,

Te | 0.08 0.15 |+11.3

Y'Value aven though there are
no such detalls for this
type of construction,
T ta| Fab 1 o [dentified but not inchedoed in these caloutation:
Ifl)eat LostlsC 649 1 458 +809
(W) W) (WK)
zz Project—Developing Low Carbon Housing: Lessons from

dions: Leeds Metropolitan University and University College London
il 15 Good Homes Aliance, National Trust, Taylor Winpey, Redrow, Unbeersity of Leeds.
Contacts Prof. Makcolm Bell, Leeds Metropoltan University (m bell@eedsmet.ac.uk), Prof. Bob Lowe, Bartlett School of Graduate Studies, UCL [robest lowe@ud acuk)
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By ...~

19 June 2008 — Breakout session 1, an investigation of designer and constructor needs
This session used brainstorming to collect ideas about what is required for those involved to be able to design and construct robust thermal
envelopes reliably. Two starter questions were posed and addressed separately

LowCarb4Real; Workshop collection:
real| \eeds of designers and constructors

UrbanBuzz

Starter questions:
1. What do designers need to enable them to design robust thermal envelopes?
2. What do constructors need to enable them to construct robust thermal envelopes?

Interpretation of “Need”

This was defined very loosely and participants were asked to consider as wide a definition as
possible and examples were given of types of need such as — Personal —Technological —
services from others etc.

Classification of responses
44 responses to each question were recorded from 8 participants (including facilitators) and dis-
cussed. These were classified as below (numbers in brackets are numbers of ideas).

Design needs Constructors’ neads
— Planning & ]
[(easeknowioszs |
‘Knowlodqs& Base = +— [ Clear modification processes |
dersiand B
%) Guidance & training (10) . P I
| [t
—
Cutures _E et - Gesign nformation
(1) B
Industry cultures a1 — in design |
= —_ Good communication
[Pranning & sequencing ]
—
L Proowe AR || sweiyoren L
@ [Desoonsi nteriace | T
= [ Projecibased ] Knowledge &
— { — undersianding —[
“@ e ® [ Guancs and v |
Pradictive design tols Cultures
oo I — L e
[
Proauaiservis aity
Resou:
— e ~E [ | == G

Quotations from discussion during the session:

“We do not do it that way on this site” - A lack of consistency of process in the same organisa-
tions and same building types.

“Designers should be builders and builders designers" - A need to have much greater cross-
\over, understanding between the roles.

“Communication is about knowledge, status and relationships” - Referring to the power of
‘status & knowledge modified by relationships.

“Teo much information clogs up i * - Inf ion (supply chain and others) is not
well focused and needs to be controlled.

“So who owns what bit?" - Ownership of the different aspects is often confused and hinders the
overall process.

Leseds Met, UCL, GHA, National Trust, Taylor Wingey, Redrow, Unwersity of Loods. |
1ts Prof, Malcolm Bell, Leeds Metropolitan University {m bel@leedsmel.acak), Prof. Bob Lowe, Bartlett School of Graduate Studies, UCL [robert Jowediud acak) Jon
Boalland, Good Homes AlRance (info@goodhames.org.uk)
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Airtightness - Design & Construction 1
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19 June 2008 - Topic C - Airtightness; design & construction

Thiz session used a short presentation and video cup ofa dwe1I|ng preswnsatlon test and
eakage detection to lead into the main question: Why does it & > de-

[ -yCl [
UNIVERSITY OF LEEDS

- ln session 1 paricipants used a renge of zsample products and design details to look at
some of the technical difficulties of designing and constructing an airtight dwelling whilst
still ensuring adequate ventilation.

» In session 2 the discussion moved to the wider implications of issues arising from session
1; including policy, inspection, communication and process issues.

Breakout Session 1- Technical Issues

e Issues arising relating to the airtightness task:
Workshop participants were ~fikal® Alr barriers are seldom marked on drawings
provided with section i d |le Design complexity rarely considers aiighiness
of actual dwelings and asked to Build sequence can inhibit air barrier continuity
conduct a pen-on-section test - Designers ara not fully knowledgeable regarding standard site
drawing a line around the practices

dwelling at the primary air barier | Value engineering often has an impact on designed performance
to ilustrated its continuity, and Lack of detall design available on site - particularty for
then discuss the issues that subcontractors
: Cuestions of culpability and responsibility - both on site and In the
design process

Role of accredited construction details

Communication betwesn manufacturers, specifiers and tradesmen
Cost of design alterations is often hugely underestimated
Airtightness and ventiiation i often an “after-thought” in the design
process

Some trades seem oblivious to many design characteristics not
redated to their own field

= |t is hard to check areas which are hidden from view

If the site operatives don't have all the necessary details, why are
they expected to bulld it comactly?

How can 20 designs be translated to 30 structures mone easily?
Higher-spec products are readily avaiable but rarely used due to
the envisaged extra cost

Foliowing on from the pen-on- ss::nnn task, a number of discussion topics not directly related to air-

tightness ensuad:

* What is “deemed to satisfy”, and who offers guidance to, takes responsibility over and polices the
entire construction process rather than just individual sections?

* Product manufacturers research and development is often dismissed as sales and marketing and

under utiised. Training of specifiers and operatives could be unc better through manufac-
turers, to ensure that thelr products get specified comectly and used corectly to gain maximum
benefit.

s It extra policing is required who is qualified to perform it, and who will pay for it?

* Al adaptations to standard house designs need assessment which is not always considered in
terms of time and cost, and often not considerad until the design goes into production - by which
time the original designer is often no longer included in the chain

* How much can be learnt regarding process issues from looking at how other industries cope with
stratified production processes?

= The possibliity of manutacturers integrating thelr designs to come up with effective system de-
signs; rather than leaving it to architects and other agents to combine individual details into a
“patchwork-quit” of a house design,

* The "quality” of workmanship and the trades” skill levels appear to have decreased significantly
over the last 30 years

Alrtight sion 1 - Summe

» Thereisa generel lack of undemandlng throughout all sectors of the Industry reganding
airtightniess and ventilation.

# There are severa breaks in communication, especially between designers/specifiers and site staff,
Many problems could be averted by better and quicker information transfer and feedback.

= Pattern book approach has changed the mass-housing design mindset from one of first principles
to one of "detall-shopping™.

= Mo one is an expert in every field, but there is often a general reluctance within the industry for
people 1o seek professional advice and instead adopt a “that should do” approach,

Ut 27 Proiect - Devel | :
sad Crgarisations: Leeds M-:qulmumdlysuimaw(‘dhy: Lmdm ) tnxllmar-s.h.li.nm hL::Iorui Trl.ﬁ1 Tavor '-'-i-gm Redrow, Universily of Leeds.
fonlacts: Maleolm Bell, Leeds Metropolitan Uriversity (mn, bl acuk, me Bob Lowe, UL {robert lowe@ucl.acak), Jon Bootland, GHA {info@gocdhomes.org.uk)
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19 June 2008 - Topic C - Airtightness; design & construction

Both sessions used a short presentation and video clip of a dwelling pressurisation test and
eakage delecmn to lead into the mam quamcn Why does it appear fo be so difficult to de-

* n sesslon 1 pamclpants used a range of sample products and design details to look at
some of the technical difficulties of designing and constructing an airtight dwelling whilst
still ensuring adequate ventilation.

In session 2 the discussion moved to the wider implications of issues arising from session
1; including policy, inspection, communication and process issues.

Breakout Session 2 - Wider Implications
The impiications of the issues discussed in breakout session 1 on the wider industry were considened In greater detall in this session,
These fell loosely into 3 categories:
Implications for De & Manufacturers Implic 3 ons for Palic i
Designers and manufacturers have a vested interest to their Developers pay for a professional ser- |
stakehoiders and cannot be expected to act purely altruisti- vice from contractors and subcontrac- | | yhat standards are people working to,
cally Given this, what drivers exist for developers/ tors, are promised it and expect just | Code for Sustainable Homes, Bullding
manufacturers to provide incentives for higher performance? that. Why is perfection not regularly | Regulations? Who checks this, at what
achieved? | stage and at whose expense?
* Virtually no prototyping of new designs exists, how does
prototyping get included into pricing of developments? * Lack of continual training - once | In-house testing and Inspection could
* Designers are actively discouraged from attending some trades are qualiied there s ite fa- | | ba done; with independent inspectors
sites. cility for re-training or refreshment. regulating the in-house teams where
+ Training is often done for commercial or CPD reasons and + Lack of understanding of 17 princi- necessary for regulatory compliance.
not necessarily in the areas where skils are lacking. ples - especially In buying/ |» BCOs can only see so much, and can
» Pattern Book design ks seen as a quick and easy fix, but procurement departments, which only be expected to know 50 much,
does not encourage innovation or continual improvement. constructors work around it. Are BCOs that specialise in a particular
Hence, much design basically becomes “detall shopping™. | |* Expense of “green” issues can be area required?
» Design roles are often segmented and lack continuity. small compared to cost of planning, | e Critical appraisals of designs need to
» Design changes can require huge amounts of time and structural or firs compliance, but be parformed prior to any work starting
money which nobody bucdgets for, with ownership of seen as an easy option for costsav- | | an site.
changes issues, nge, | |e What are the consequences of falure?
o If designers & mar rers put their data and * Cost or Value engineering? Money & Are they stringent enough to have an
Kknowledge bases into the public domain they may lose often saved but at what cost? Again, impact? A greater cost for failure to
their competitive advantage - so what incentive is thera for ennistrLctors wirk around 1 comply may equate to a greater degree
them to share their expertisa? * Information from designers and of compliance,
» Design and buid projects traditionally are specifically de- manufacturers often doesn't filter | Understanding of issues from 19 princi-
signed 10 a fixed price, not a fixed level of quality. down to operalives. ples is often limited, many issues such
« Who shoulders the extra expense of increased quality and + Designers, specifiers, manufacturers as thermal bridges should be seen in
. 2 need to spend more time on site - the design process or picked up during
y communication needs to improve, in the build, but are only detected after
+ Too often designers are directed to web-sites and literature 2
and then make assumptions, rather than talk 1o the techni- both cections. :°""°'e“°” when problems start occur-
cal staff at manufacturers and suppliers, ng.

Comments from otk

p participants

Draft versions of the posters resulting from the Airtightness breakout sessions were distributed to all workshop participants, the following comments were

received:

» “Only thing I'd add is the general issue of airtightness being an indicator of good quality in construction, and the benefits of promoting this in order to get
confractors to be proactive about achieving airightness, demonstrating it by testing. and promoting it through marketing.”

* “As with our sessions, it seems that better communication is the key to improvement.”

* “Currently we only test on completion for compliance purposes. | will suggest additional testing to see more easily where improvements can be made.”

UrbanBuzz Project - Developin =sons from the Field - LowCarb4Real
wisations: Leeds Murlqdlmumdlysuimaw(‘dkn: Ludm + Good Homms Allance, National Trus1 Tanhor \Mng»w Fiadirow, Unboersily of Leeds
Malcolm Bell, Leeds Metropolitan Uriversity {m.bell@ead a0k, Pm{ BobLm Ll{l{robutlowuyﬁud ac.uk), Jon Boatland, GHA {info@goodhomes.ong.uk)
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UrbanBuzz Project - Developing Low Carbon Housing: Lessons from the Field - LowCarb4Real
Lot Crgarisaions: Leeds Metropolitan University & University College London Progect Partres s Good Homes Alkance, National Trust, Taylor Wimpey, Redrow, Unbersity of Leeds.
Conlacts: Maleolm Bell, Leeds Metropolitan University (m.bell@eadsmet.ac.uk), Prof. Bob Lowe, UCL {robert lowe@ucl.ac.uk), Jon Beatland, GHA {info@gocdhomes.org.uk)
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sollect ideas from the participants on whal i required
e, and sub-cregorised as outiired balow.

tarter Question: What do designers & constructors ‘need” In order to be able
to design and construct low carbon housing that s effective, robust and works avery tima?

For this exercise, ‘Nead” was defined very lnosdy, and could indude personal, technological, auftural or emvronmental needs, or indeed the
mesects of ingon from o

ldbesaxs were writlen onindex cards (one per card inlotal 771 cards emanated from all the breakout sessions. A number of addiional degrees
ol sub-calegorksalion was also performed 1o augment the anabysis process,

Drbanfues

Breakout Session 2:
With workshop participants divided inlo smaller breakout groups, these sessions used braimstonming
tacililate the nocessary changes,  These were collated, counted and dassiied ino 8 ‘Chango Cate

Time & Money (41)
New Technologi
(9)

Categories:
Tools/Methods

Total
771 Cards

stagoriaston omited
s poster dor clarty)

LowCarb4Real Workshop Participants

One of the sucoesses of the LowCart i Real project wirs managing 1o get such & diverse mix of skis within the house-building industry in the same room and engaged in open dscussion. As a reall
of this the cards analysed above are not ust represent ative of a single seclor of the industry, but represent a much broader spectnam.

Trurmnepol rodes provided discussion of lssues from & number of diferend, and oflen oppasing, perspectives.

Although these y Among st of the need 1o ad quicdkdy and effectively if we are 1o approach the Govemnment's target of Zero Carbon Housing by 2016, there were difierences
of opinion over whal mﬂaﬂa!sfnldhehesl adopted in each of the changs calegories 1o meel the more demanding requirements of the fulure and reduce the gap between theoretical performe-
ance and that realised In practics,

§ Cng 4 Losicts Mmudlgu\lhm dtysumnwt‘xilu .Lmssm [ sartren fa!xlllil!nﬁ- Alance, N: m.n‘l 1n51 lvy‘er'-“ww Redrow, Universily of Leeds.
1 Malroln\[ﬂt Leeds Metropolitan Uriversity {m.bell@eedsmat.ac.uk), Prof. Bob Lowe, UCL {rebert Jowe@uclac.uk), Jon Beatland, GHA {info@goodhomes.ong.uk)
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‘Needs' of designers & constructors; Key Imperatives -.m e
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Feedback frorn Breakom Seasaon z

With walor breakout groups, these sessions al the 3%, 4% and 6% workshops used brainstonming to cooct ideas from the
wm&smmwlsrwjmlnfadtmnﬂmnmywm

Each group wers asked to doedde upen e top 5 ‘Key Imperatives’ from their discussions of hise deas, which They subsequently presentod 1o the plenary
ikcossion. Thise ‘Top 52' wase wiitton on flipchans (a sdection of which ks shown bedow) and presented by a breakout sessdon group membar, rather than by
a»armmewmlwn

[The: 13 key img ooy iy uuwuana}yslsd‘“‘ hy 1nﬂwplelwwmﬂ !mmbeslumdlhmw -
daps lines bel individh | iy and only a smal amount of them are sh —
'I'rmnnbu'smmquhdcﬂum”wwlmesmchkwhpuaﬂmawednhumd “Top 58", from a total of 10 breakout groups. %

Key
Imperatives:

Cultural
Change (2)

Simplicity/
Clarity (6)

Education/
Tralnlng (6)

' Understanding
“4)

UrbanBuzz Project - Developing Low Carbon '—r\ucnq Lessons from the Field - LowCarb4Real
Laad Crgarisations: meq,mmumgwammg;ywwm Proge At = Good Homes Allance, National Trst, Taylor Wimnpey, Redrow, Unbersity of Leeds.
Conlacts: Malcolm Bell, Leeds Metropolitan University (m.bell@tead: a0k, Hd.BobLm.UG_{lmmen&Jd.ac.dq. Jon Beatland, GHA {info@gocdhomes.org.uk)
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Background

Lincoln Grove is a development of 9 x 2 and 3 bed homes near Woodstock. 9 miles from Ouxford, constructed in 2007, The homes were awarded EcolHlomes
excellent, scoring 77 credits, the same as BedZED. The homes have been subsequently re-assessed under the Code for Sustainable Homes and achieved level 3

hermal Design

* The and pl of standard cavity wall were clear to the developers Kingerlee Homes,
so afier considerable research, the) specified NBT Thermoplan blocks - a single skin load-bearing wall system. The
honeycombed blocks are planed top and bottom, enabling them to be laid to produce a single skin, robust, weather and
airtight structural wall, which 1s vapour permeable (air-tight and breathable). The blocks interlock on the vertical face
and require no vertical mortared joints and the thin horizontal mortar joint increases the overall fabric performance
The wall, whose insulation value is entirely due to the block. is simply constructed without cavities, membranes or ad-
ditional insulation. A thermal design checklist was drawn up and every junction detailed, 1o ensure continuity of air
barrier and minimise thermal bridging and bypassing . Final airtightness tested at 3.8 - 4.8 mh@Ss0Pa

‘With Thermal bridging: calculated 1o an exceptionally low y-value = 0,024

The design changed many times and it was hard for the whole team to keep up. In the end, there was a lack of owner-
ship for the thermal checklist and it was not stnetly adhered 1o

l.lrbanﬂuzz

Construction Materials
R = n % Kingerlee wanted to adopt a build system that was simple and effective, with lower embodied

¢ Roof: 300mm of wamwe‘“ insulation blown n b':I.WK‘:':N cncg and with more susl‘.:mahie materials. The 'Thcmmplan system has very low embodied energy

250 mm I-beam rafters with 35mm wood fibre 2 and I impact pared to | masonry building methods, which is

sarking board recognised in their *A’ rating in the BREEAM Green Guide. Warmeel is also rated A in the Green
s U-value: 0.11 kWh/m (0.15) y of 0.04 Guide and F5C timber was used throughout
* Floor: Conerete planks with 150mm Kingspan insul; T

under a 30mm sereed with 50mm edge upstands; Process
o Usvalue: 0,12 kWh/mk (0.20) ® The imegrated thermal design and detailing was a collaborative process between the developers and
* Walls: 365mm Thermoplan single skin cellular insulation the material suppliers NET and their consultancy arm NBT consult. The entire team - developers,

monolithie clay blocks with stone or render facing architect, contracts manager, investors , QS and site manager visited sites in Germany to sce the
o U-value: 0.26 kWhim’k 0.28) v = 0.05 system in action and how quickly the build can progress. They also visited the Thermoplan factory.

# The (S was impressed with his findings and much more confident about costs and timelines

*  Onsite training was delivered to the in house construction team and their main subcontractors and the
site manager was suitably mspired by his trip to Germany. NBT Consult compiled a check list and
details of junctions. Inspections were made by the teams at crucial stages of the build, to ensure the
detailing was adhered to and effective, before work continued

Sequencing

#® The render finish on the inside of the single skin block walls provides the bulk of the ainighiness, so
it was essential to ensure a cohesive shell - the render had to follow round the inside and form a
continuous unbroken layer, which included rendering behind fitted kitchen cupboards and appliances,
before fit out If walls cannot be plastered before fit out then they should be parged whalst sull
accessible

Ease and Speed of Construction ® There were issucs with scalTolding, which took longer to erect than the Thermopkan walls and delayed
the build process. The access was very tight for the crane.

Muanagement and Supply chain

* Kingerlee made a Board level decision to move away from standard cavity construction and adopt the
principles behind MMC

*  Working closely with NET, the Thermoplan suppliers on the design for thermal efficiency ensured the
forming on an effective collaborative team at an carly stage

The developers had been impressed at the speed of construction of
the Thermoplan system in Germany and the general understanding
of the importance of thermal performance across all the site
operatives. The construction system led to vastly reduced build
times in Germany, potentially halving build times.

Post-Construction Monitoring __ Cutaway of Typical House

Kingerlee have undk d that air tigl testing and th graphic imaging are ial tools during the

build process. They also tested at a number of stages in the construction process which allowed casy
remedial action at an carly stage — much cheaper in the long run and help give better final results.

Post Occupation Moenitoring

* Heating costs from the SAP Predicted Energy Assessment, based upon May 2007 fuel costs, are in the region of
£150.00 per year, depending upon the size of the units
* On the same basis, the total fuel cost for heating and hot water will be approximately £200 per year including

standing charges

# Early indications from monitoring appear to confirm the perft ipated in the SAP pred

* At Bladon, a whole house monitoning system allows boLh occupiers and the developers 1o access energy use Beross
the § electricity eircuits, the gas, the water and internal and external temy and internal humidi

* Monitoring shows that radiators have bﬂm tumed off upstairs, the wood burners have not been used, am.l. the passive
ventilation system is ensuring | and humidity th i the homes.

* Kingerlee are also working with Oxford Brookes, who are itoring the bek , to und d better

how occupants use their homes and how this behaviour reflects in cnnwmmlrm pattems - the lmkw between energy
use and occupancy behaviour will be made clearer

IrbanBuzz Project—Developing Low Carbon Housing: Lessons from The Field—LowCarb4Real

Leeds Metropaolitan University and Uriversity College Londen

Fartners. Good Homes Alliance, National Trust, Taylor Wimpey, Redrow, University of Leeds.

+ Prof. Malcolm Bell, Leeds Metropolitan University (m bell@ leedsmet ac.uk), Prof. Bob Lowe, Bartlett School of Graduate Studses, UCL (robert lowe(@uc] ac.uk )
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| Primary Air Barrier — Design it with CARE

Kingerlee had understood the importance of good thermal design and were aware of some of the carly findings from Stamford Brook. Their search to
maximise their own build quality took them to Germany to understand their systems better. They wanted a system that could consistently deliver air
tightness performance twice as efficiently as demanded by Building Regulations — so they targeted Sm/h achi@ 50Pa

This research and learning on thermal design was fed through to the entire design team and the site operatives. Indeed the whole design team visited
Germany and when the new sile manager started, he also was taken over.

Further training at NBT for sub contractors laying the blocks on site helped improve understanding of good thermal design and helped ensure the design
was actually construeted with this in mind as a priority.

The architects ALP also received training on the principles of good thermal design and aintightness. Complex areas like junctions, steel bedding and wall
Junctions and openings such as doors, windows and balconies were fully detailed and discussed and drawn - drawings were also annotated with
EcoHomes eredits . Detailed drawings referred to how continuity of the air barrier would occur on site. Complex detailing was removed where possible
and plex arcas like junctions and wall junctions and openings such as doors, windows and balconies are fully detailed and drawn — if you can’t draw
it you can’t build it

Working with Peter Warm and NBT consult, an airtigh hedule and 37 point cheeklist was devised to make sure that detailed checks on all complex
Junctions were made at the following stages of the build

* Completion of radon barrier

* First joist of the first floor construction
* First purlins

+ Final membrane roof scaling

| 1 | Measurement and Feedback |
Lesson - Test for air tightness at an early stage in the construction process — remedial action is cheaper AT THIS STAGE— and test-
W 0 ing mare than once will lead 1o better final figures
5 1) Completion of shell
: ]

Air tightness testing at this stage when the walls and roof were completed but before the render gave a result at Bladon of 22 m/
hi@50Fa. The tests showed that there was an unexpected significant air loss under the timber window sills, where the dpe was
rounded off under the window sill, allowing air movement in the small gap between the dpe and the blocks. Testing at this stage al-

lowed this problem to be easily solved at an early stage,

If you can’t casily trace your finger around the air barrier on the plans, then you will have problems with thermal bridging

Airtighiness around CFWadon e
1. Chhach bl Wiaund seevce antou - i o ()

2 Sheck dedl and service et - Ebcsecel & 0 2) Onee the thermal envelope has been completed and services are in

Y il st Erams (8} The plaster finish on the inside will provide the bulk of the airtightness so need to ensure that you have a cohesive shell which in-
e e e e e | cludes rendering behind fitted kitchen cupboards and appliances. The render has to follow round the inside and form a continuous
4l 5 I VTP unbroken layer, If walls cannot be plastered before fit out then they should be parged whilst still accessible,

Bk and corrbustion e 1] Punctures in walls from service runs are the moest common form of air leakage. Careful attention should be given to all service lay-
% Efvar s 2 shaets T posts nd ot s | OULS and pipe runs minimised, but remedial action may be required to improve these figures, At Bladon, it was also noted that there
i use 150 prens st spa oM g | Was some leakage externally, where the dpe was dressed into the block joint, and so a polystyrene seal was placed over the joint

e L ———

il Ekons ber ot et 1A : y . s
T L s brmviai Testing at this stage revealed that air tightness was a range of 6.2 — 7 ach

et o b Eniagng [4)

3) Final testing
The above remedial action ensured that the final figures at completion showed a figure of 3.8 — 4.8 mh@350Pa, comfortably within
the target of 5
Crencral testing
" o18 Acoustic testing at an early stage also showed that any penetrations through party walls rapidly reduces acoustic performance. This
resulted in ensuring that electrical sockets were placed on external walls where possible and any sockets on party walls were sur-
18 faced mounted
= 14 Kingerlee have invested in a thermographic camera as a quick and easy way 10 und d how buildings are of g and which

areas of the building are performing and which aren’t

Designing Airtight Dwellings— Guidelines
+ Understand the subject arca and train your design team
+ If vou can’t draw it, you can’t build it.
* Ensure the design and ion team, including sub i i the import; of good thermal design
* Help make energy visible by explaining about CO; emissions and homes

UrbanBuzz Project—Developing Low Carbon Housing: Lessons from The Field—LowCarh4Real

+ Leeds Metropolitan University and University College London

= Good Homes Alliance, National Trust, Taylor Wimpey, Redrow, University of Leeds.
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Bladon—Thermal Bridging

The first designs for this site reflected Kingerlee Homes™ progressive approach with a modern design. The Planners were supportive of this and recom-
ded the initial I v scheme for approval but the Planning Committee however wanted the scheme to be “more [ike Bladon’, and were keen

to mark the heritage of the sile as a stone quarry for the adjoining Blenheim estate, and so the initial designs had 1o be significantly changed and then

modified again. Planning restrictions on height meant the roof lines became complex as they were refined and the acsthetics and design constraints re-

duced the flexibility and potential for good. simple thermal design and resulted in an 1 level of complexity to the final design. Extra complexity

leads to extra junctions and therefore lower perfi

The thermal design of the homes was based on a well insulted slab and 365mm Thermoplan single skin cellular insulation monolithic clay block walls
with stone or render facing with U-value: 0.26 KWh/m 'k (0.28) y = 0.05

The roof is slated over low timber content I-beam rafers, supported by timber trusses and steel purlins. I-beam timber joists also form the first floor
led insulation is used throughout the roof and first floor.

W 1

Careful jon was given to sclection and use of a complete build system design that 1 thermal bridging to a mini C ion details us-
ing ThermoPlan were caleulated to an exceptionally low y-value = 0.024

. P e g —_—
L‘-} | SmemtMoentrie ([T AL Geometric thermal bridges
i [ The simple shape of the thermal envelope was
300mm T11 Deged Block compromised by the nature of the planning restrictions both

(thin bed mertar system) on site lines, height and also acsthetics made junctions more
plex. This together with a changing design, a |
2 with no interest or knowledge in thermal design, led
) to a challenging build,

i Hinerl Faste Junctions and joins were given careful attention to make sure
operatives understood they they should be thermally broken

NET Breathable Trade
Emuision

Repeating thermal bridges

The well insulated slab — two slabs of 73mm polystyrene with offset joints and
SOmm polysty edge insulati all were checked before pour. and the Ther-
moplan single skin wall system p 1 the most form of repeating
bridge - the wall tie.

Junctions with stecls were carefully detailed and extra msulation around the
joints - included — thermal breaks

The timber [ beam rafters also reduce thermal bridging as the web reduces the

flow of heat

Non-repeating thermal bridges

Working with Peter Warm and NBT consult. an airtigh hedule and 37 point cb
was devised to make sure that all the following arcas were checked

11

* Completion of radon barmer
* First plank of first floor
.
.

irst steel purlins
Final membrane roof sealing

Also included on the check list was ing the lintels contained the insulation before cast-
ing and were cast, at First floor — fully filled bearing. insulated ends of | beams and careful
attention to ends and sealing of steel purlins

Rules to assist in the avoidance of thermal bridging at Bladon

* Understand your subject

* Consider a build system or MMC with single skin wall - no additional insulation or wall ties

¢ Train design and construction staff

* Create a checklist for the development that defines the most likely points and stage in the construction process for loss of thermal performance
* Ensure that take hip and responsibility for thermal design on site.

duzz Project—Developing Low Carbon Housing: Lessons from The Field—LowCarh4Real
Leeds Metropalitan University and University College Londen
rt Good Homes Alliance, National Trust, Taylor Wimpey, Redrow, University of Leeds.
Prof. Malcolm Bell, Leeds Metropolitan University (m bell@ leedsmet ac.uk), Prof. Bob Lowe, Bartlett School of Graduate Studses, UCL (robert lowe(@uc] ac.uk )
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LowCarb4Real; Design collection:
GHA: Bladon, Thermal Bypassing

|[Reducing Thermal Bypassing

Kingerlee were keen to find a solution to the problems being experienced with ex-

ternal cavity walls. They were aware of examples of cavity walls, where examina-

tion of the cavity alter completion, revealed significant areas with loating or miss-
ing insulation. Breaks in the continuity of the insulation layer mean the immediate

surrounding insulation is effectively useless.

They were also aware that incorrectly placed insulation batts could actually bridge
the cavity and provide a route for damp transfer to the inner wall. Use of the single
skin insulation Thermoplan block system at Bladon removed the need for cavities
and the need for separately installed insulation.

Thermal bridging can be avoided by simply ensuring that the insulation does not
have any cavities on either side and is contained on both sides

Type 1:
Air Movement in Construction
Cavities

An early discussion with Leeds Met regarding
the early reports from Stamford Brook, wamed
Kingerlee of the risks associated with cavity party
walls, and their ability to become ‘chimneys’ draw-
ing warm air up through the cavity. At Bladon the
Party Wall cavities were filled with 70mm acoustic
grade Rockwool, thereby stopping air movement.

Type 2: :

. . This probl - t Bladon by fully fill-

Air Movement Within and Around ingimmﬁﬂ,mmmm” Mt
Insulation

The use of the Thermoplan system meant that this problem was removed
from the walls. Warmeel 500 was used in the roof and the advantage of
this product is that it is blown in under pressure and fills any gaps and
cracks, thus reducing any thermal bypassing,

First Floor Plank bearing

14. Ensure fully filled bearing top and bottom for air
seal (D.E)

15. Check perps for planks filled especially in built
in ends (D,E)

16. Check Insulation strip on external walls on end 4
of plank (13) 15 14

Steel Purlins == [‘

17. Check pads correct height and insulation block in

lintel block (F)
18. Check insulation correctly placed at end of beam (F)

Low Carbon Housing: Lessons from The Field—LowCarb4Real
tropolitin University and University College Londen
1 Good Homes Alliance, National Trust, Taylor Wimpey, Redrow, University of Leeds.
Prof. Malcolm Bell, Leeds Metropolitan University (m bell@ leedsmet ac.uk), Prof. Bob Lowe, Bartlett School of Graduate Studses, UCL (robert lowe(@uc] ac.uk )
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i etme GHA Design collection
One Brighton: Dasign Overview

Background

Line Brightan at Blocks E & F, Mew England Suarter is a mided-use scheme sitting within 3
mixed-use nekyhbourhood. The developmant will offer a mnge of reskential accommodation,
sommunity and commacialiofiice space. Thmugh the desian, specification and service provision,
fine Brightan aims o make sugtainable high quality living easy, afirdable and attractive. The
prajact iz baing deweliped in & jaint ventume by Gregt MNicholsan and BiaRegional Chuintain
['CMBLT . The devalopment comprises 172 hames [eoo-studios, 1-bad, 2Z-bed and 3-bed units),
araund 1,000 m® of community space, and approximately 120007 of commarcialiofice space)
The devalopment famed of Blck E [up B 11 storeys) and

block F [up 1 3 ¢tomys) has bean desigmed, spacified, and

& curmently being buit under the Cme Plamat Living® ﬂ' By iaie
prinziples; amd has achiewed an EcoHomes [warsion 2005)

thI\‘EiSITVG’LEE‘AS

D Brightan. Crest Michalsan BiaRegianal Duidtain
Autiledts, Feken Clegy Bradey

ERETR——

Whain Carlmdar. Denne Sanshudtian ‘Exellent’ mting.

WE Enginsers. MLM Lid The devalbpment has been desined to be Fam Carbon
Stuctwal Engnesas. Scafl Wilsan {ncargoraing Cameran thraugh a combination of geod themal degign and an and
Tapary aff-gite renewable genargtion techrokgies; including a

Landscage Architects. Mchalas Pearsan Assas

Q5. Janes Lang Lasale cantral biomass boiler t provkle space heating and hot
Planning. Planding Perspecives . water, ofi-site photivoltaic panals and ekctricity from new
Thedral gerfrmance conaltants. NET Carsul capacity REGC—ertified sources, The ermergy demand has
alen been rduced with a highly themally effisiert building

Design Targets anvakipe, enemy efficknt lahts, fittings and appliances.

One Planet Living i & ghobal initiatve based on 10 guiding |

5 prnciples, develped by  BoRegional and  OWWF—|
Suhislzto et dereopment iinoe International.  Fer maere information  wisit

» CO: emisgions fom  hames [ a¢ defined  by|wwwoneplanetiivingarg. For mom o the develbpment,
EctHomes ) to be 25ky Clxm’ pleass vislh woww.onabightan.co. ok
» Space heating damands < 30 KWhmannum Materials
2
* Hotwatar < 45 KWhim“fannum Lian ooncreta frame with an infill of NBT Thermoplan blocks - a
» Ekactrical consumption < 45 KWhimflannum zingk =kin Kad-baaring wall sygtem. The honeyoombed blacks

v L -valuas 49% abave building regulations am planad B1p and battom, anabling them o be lakd th producs 3
single £kin, robust, weather and air-tight structural wall, which ig
v Wl U - alue 029 WEm ingle £ki u " ir-tight strutural wall, which i

P v apéaur
» Windows: Cwarall U - valw 1.4 WimSk permaabke [air
v Glazing ama toexcesd 01507 parm® of floor ama

tight  and  Recde Sem
breathable), M Fose b

* TargetAirtightress Sm¥houdm® @50pa The blocks interock an the wertical fage ang e
» Low energy lighting and spplisnces, drying £paces| raquire ro wartical martared jrints and the thin ::L’:‘"""
and good daylighting harizontal mortar joint incresses the overal
v Low carbon, low impact concrele frame and infa| f3bric  perdommance. The  wall i simply >
e ka constructed without cavities. e Sl
a Where not in the BRE Green Guide for
* Moritoring throwgh an estblished ESCO - enemyv| prducts, & bespoke sssestment for the buikl ., oo oo 1969

SRrviceE oo mpany upwas commissioned from the BRE.

Reducing the embodied energy of the build

{Goncrete Frame — lean design

The units are destined to be energy and resoure afficient in both build amd in use. The deskan is
based on & post tenstned concrete slab which reduces the thickness of the slab by up B 15%.
Tha concrats frame uses 100% moyckad stes| minformameant, 50% cement raplacemant [Ground
Granulated Blastfumace Slag — GG5BS] and 190% recycked or secondary aggregate. This material
i¢ a by-product of the china clay industry and was prviously part of the waste stream, but has now
found a rew market in the agaregate supply industry. The makerial is baing chippad fram Camwall
B to site to raduce fadtprintof supply

il

MBT Tharmopkan Plus — irdgke holkbw core blcks @240mm and insulated axdamally with 199mm
Pavatherm woodfibre insulation and rndesd orclad

Reducing GO: from the build process

t i caloulatad that this lean dasign apprach, shoukd decmasa carbon amistiong: associstad with
Wtha concrete frame by one third. A tamyet of using 25% recycled materials by mass has bean
voeaded—the estimated reoycled content i 47% by mass.

Aomix of betwaeen 5% and 95% biodiesel [0k chip fat) has powared the cranes on site for the last
months.

Post-Construction Monitoring

Whaole building energy performance and Air tightness testing

MET consult have besn rontracted to consult on the thermnal periormanee of the buiding with speeial atention to the eternal walke and air ighiness. The firct ai
tightness testke have just besn eonsluded with resule of 2 Bmalhnm2d@blpa. A report eollated the build issues and the team are now confident they can set revieed
kv r targets which will also improwe the efficieney in operation of the MVHR.

ESCO

The enargy requirements on Site are to ba managed by an ESCD — an enenyy servicas company which includes the beiler suppliar whe will maintain the
system, the keedstock supply companies, enery metering and billing companies.

UrbanBuzz Project—Dewveloming Low Carbon Housing: Lecsone from The Field—LowCarbd Beal

Land Chgamications : Leads Wetrapalitun University and University Callege Landan

Freqect Partrers: Good Homes Alliance wwwgaadhames anguk, Watianal Trust, Taylar Wampey, Bedraw, Uniwersty of Lasds.

Smtaets: ¥rof. Malsalm Bell, Lesds Wetrapalitn University fmbellg@lesdsmet ac.uk, Braf. Bah Lawe, Barfett Schadl af Craduste Studies, UL robert Jowed ac uk
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One Brighton: Airtightness

Air tightness and health
With very kw level of air tightness, intarnal airquality
can detanarata unless thars is 4 vigble vantilation
strategy. At airtightraess kvels of lass than 3 m3sh!
m2WEd Pa, some farm of mechanical vantilation will
genarally be required. Gna Brighton will benefit from

m NIV ERSITY 07 LEBS

it with CARE

Crne Brighton is baing built urder a dasign and buikd
cortract. Tha themmal effickiney amd  aitihtness
tamets of & m3hm2@E0 Pa wem st by the
PO cvebipars a5 part of the exbenshe sustainability
L1 “action plan forthe site.

The construction i a kan concrete frame | with a
méachanical ventilation with heat recovery. HE wil single skin infill wall from Thermaplan blocks. These
operate mostefficienty and quietly at sirchangs rates manalithic  blocks  are  extruded  with  verdical
af 1-1.5 and it is now intended to aim forthasa lower ~ perdarations.

targets at Ome Brightan, In addition to the MWHRE, this
buikl offars a breathabks sonstruction and $o maisturs
ard condensation can akse migrsta through the wall ta
the outside, #0 helping ensum comfortabk internal air

Primary air barrier— Design

Cortinuous The primary air tightess bamier is
primided by the
intemal  paming
coat  on the

quality. Thamaplan blcks.
In additian, the frame and infill blocks are wrppad axtamally with
2ramn Baurn honosn ingulation of compressed interiocking TRG 100mm wood-fibre

Trreien Symtearn Finist s
RRT Frrecthess Tflobern
et s gl a
B | TRSrookaes

ik K

boards and rendand arclad.
Aocessible: Ssguencing was changed to ensure that all
areas to be paroed are accessible  to prevent discontinuity.
Fobust: The parged cost gives & robust and lorg 1asting air
tio Htress.
Explicit: The importance of the continuity of this parging
l@yer has been emphasized to site staff and a first test has
bean completed ard reported ard & check list compiled off

areas that require particular attention. Loa_kage whe_rs GWIU." of euts_mal
wiallwithin sorvices baxing remaing

12 rAinenal Moo

Erezcaitocaty e Teacde
CrausEkar

Complexity
Althaugh Gl #avings in the frame build hawe been
siynificant, it has added comphexity to the air tiahhess
detailing. This is bacause the buikling’s maximum frRame
daflection ks increased to up to 25mm which has required
35mm mEvement jints at the top of the infill wall to alkw
for this mevemernt. A bespoke tape had to ba sourced,
wider than standard, 1o ba abke stick onto the gofft, owe
the mircamant joirt and tuck an tha blacks.

Crack leakane beneath
bottom of deor frame where

membrane seal alorg base of
plaster board is discontinuons.

2am)

Cretail of axpansion joint Leakage where membrane is poory sealed arourd
cablas  use of grommeats was racom mended

Measuring, Leaming and Improving

The main contrctar, Danna, emphyad NBT Consult fsee www.nbtoonsull.oo uk) to adviss them on detailing for aidightness, Afirst air tiahtness st of the
show home was completed in July 29008, with enoouraging results at just urder 2.8 m3MhmEM60 Pa . An inspection and report was compiked. The
construstion team had baan a littk concerned that the tamet of 5 was already very fough. Howewer, this test allayed their concams, and the team realisad
that in fact this target was notonly achizvable | it could be bettered. They now have the renewed confiderce 10 revise the et dowmvands, t an avepge
betwaan 1 and 2. Further sts am schadoled forend Coibar 2008,

The repart drew atiantion B sevaral categories of kakage sites:

) Associated with the membrang system praviding the seal betwean the walls and the concrete glab floar and roaf at both bw and high kwal;

bl Araund goar and window opanings, including the baxing-in adjiscent to mast apenings;

<) Arourd and through the electrical $ockts and switches, both on extemal walks and or paty walks to adiscent dwallings;

dlAround pipe panetrations, both vedically and horzorntaly, whene the usa of timber pattrasses, or similar, was suggested b provide a robust surface against
which an effactive seal to the pipe penetration can be achieved.

Facommendations:

{17 utilising a mam mbust mambrana systam and ansuring that it i fully adhered and proparty svanapped at jints, and i machanically trappad bahind
plastarboard) ar othar ekemants wharwar possibk;

[2) Ensuring that any foam gealing i cut back and sealed averwith mastic to ensura tha most effectiva seal,;

[3) Cheaning all zurfaces, paticularly at bw keval, 1o emave dust bafore mastic arsealant iz applied, and ensuring that all mastic pints are teaked in place to
givee & gaod finish and the best passible adhasion;

[4] Providing a eontinuous mastic seal arund allwindow and doar frames, including betwesn the slab ard the phewood cill, and extanding this o inclode all
wertical jaints inthe boxing in found adjacent to window amd door apenings. We astimata that Air Permaability valuas of as bw a5 1.0 (m3'hefm?2 @ 50 Pa)
shiuld be ac hievable.

UrbanBuzz Project—Dewvelomng Low Catbon Housng: Lessons from The Field—LowCarb4Feal

Ll Orpmmiztions : Leeds Metrapalitan University and Undwasity Callegs Landan

Frqject Partners: Gaood Homes aliancs wwwgaadhames arnguk, Natonal Trust, Tsyla Wmpey, Redraw, Undwersty of Lesds,

Cemteets: Prof Makeadm Ball, Leads Metrapalitn Uniwersity (mbelli@esdsmet e, uk), Brof. Bab Lawe, Barfiett Schoal of Sraduste Studies, UOL{rabatlawafind 2k
Jan Baatland, Saod Homes Allance nfaf goodhanes ang )
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UrbanBuzz

One Brighton: Thermal Bridging
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leees

matrapnitan Gand
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W NIWERSITY OF LEEDS

One Brighton—Reducing Repeating Thermal Bridging ‘

The Themoplan blocks project over the face of the slab by 35mm which helps
reduce thermal bridaing, as the face of the slab can be insulated . This is then
wrapped in 100mm interlocking T&G woodfibre board, ficed to the blocks with
themally broken fastenars.

This structurs is rot in the
accred ted details. This means
that either:

1. Adefault ™y valug of 015 is
taken, which effectively in-
creases evary U value by this
armourt, or

2. A peicalculation is carried
out which will sulinthe
calculstion of the peivalus at
this point, ard since this is the
major thermal bridge, other
pei valuas can be takan from
IP /05 a5 reasonable
estimates, ie for ground floor ard roof, windows, etc.

These psi values are multiplied by their langth of the detail, to give an additional
heat loss inWatts per degree K ( they  wvalue). This is then added to the fabric
heat loss calculated from the areas and U walues.

Psi Values (MWIC ) Thermaplan projection

& numberof diffarant

Section through slab showng Themaopian blocks profecting

et floar slab (mm}

Cleer zuna fr -
ol
Geometrical thermal bridging

F11 o projections were modelked

hawirk the differenes in
4.1 20 Pzivalues at different
103 5

projactions,

L Y T A ST 1l P =

All junctions with external and internal walls have been
carefulty detailed to red uce bridging:

Plan dotail balew: Junction of intemal partition to Themoplan
blocks with the wirdposts,

Figures: Fixing the wood-
fitre board and the
thermally broken
fasteners

L Srgmimtions: Leeds Metrapalitan University and University Sallege Landan

Jan Baatland, Saod Homes Allance nfaf goodhanes ang )

UrbanBuzs Project—Dewvelomng Low Cartbon Housng: Lessons from The Field—LowCarb4Feal

Frqject Partners: Gaood Homes aliancs wwwgaadhames arnguk, Natonal Trust, Tsyla Wmpey, Redraw, Undwersty of Lesds,
Cemteets: Prof Makeadm Ball, Leads Metrapalitn Uniwersity (mbelli@esdsmet e, uk), Brof. Bab Lawe, Barfiett Schoal of Sraduste Studies, UOL{rabatlawafind 2k
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Background

Construction

» Rood: Bnginesred | Beame fully filled with $ammeel
with I{{mm woodfibre with 088 top and bottom.

The 0d Apple Store ic 2 development of 5 new family hemes, with one axicting umt retained and completely efurbiched. The cite nectles within the cite of
the old appls store in the mohresque villags of Stawell in Somerset. The 2x 4 bed units are neanng completion and work will shortly start on the terrace of]
3 bed units: all the new homes are dedgned to achiewe C5H level 5. Following on from their award winmng development at Great Bow Yard, Bcos Homes
wanted to create a specification that achieved CSH level 5 in a mwbust solution that provided a thermally efficient thell, could be eacily eplicated, with
reduced build times ard with themoest sustainable materials oo the markst.

Mhemal Design

Q5B pre-fomed cassettes manufachursd offsite form the walls Thes: are supplisd openestud and anes
creoted, filled with Wamesl {reopded newspaper) and insulated ccemally with 1H0mm weedfibe board and
endered. Together with triple glazed windows and with a well inqulated slab and reof, the stiuehirs offers
very low Uhvalues, designed to require only minimum adéitonal heating. With a target airtightress of

I ET0Fa and an evermll heat koss pammeer of 1.2 WM, the buildings showld be very officient to
operate. Top up heating iswith weod pellet stoves. Passivent, Solar fiermsal, minwakr harvesting and Fizam
alse negrated inte the Secign. All het water pipe runs are insulaed and mun threugh a eenptral servies 2o
and miribore whem possible ta raduce fhe valume of water in the system. Ecos have zlss minimised
rediatars {none In living space] and lecated the oplinder 2s dast to the prllet bumer s passbl ta mindmise
Lbreatloss,

Materials

A plhilamn fame withinfill 05 cassetes form the steture. 056 {Odentated Soand Board) was selected as
the sheathing boardas itismanu fetursd in 3 process which wses neady 900 of the lag, with the baknes
168 to supply enerry. Inculated with recyeled meowspaper — Wamieel and insulated extemally with woodfibre
boaris {zomprazsed wood fibre with ne adiiienal mains) and rendered with 3 mineral meder of clad with
beked seftweod, Betwesn floer insulation is UK sheep's wecl,

Internally Proclima Vapour Contrel Layer [mdelle Pro
to undersde of 5B, Fimched externally with
ngganu.ﬁl Singls Ply membrane. U-value: .12 kWh'
k

» Coround Floor: Concrete slab with 150mm Kingepan
inculation under a S0mm sand binding with S0mm
edge upstands; Uivalus: 015 KWhim'k

v Wialls: Enpineersd 08B caccettes fully filled with
I75mmiarmes]l and  ineulated  externally  with
1{{irmm woodfibre board and rendered with minesl
lime rnder or clad with baked softwood: U-ialues
0.14 kWhim'k

v Doors and sindovs: Tople plazed FS8C windows U-
values 1.2 k¥him®k . Doo Unvalne 11 Khim®

Ease and Speed of Construction

Significant mesurets were nsed to construet retaining walls to the
rear of the: sit which ddayed the build semewhat. The builing
nspretor has bren quits amenable to the Sesign but 88 ingist on
afditional srietuml steels, whish requind some mdesien and
afditional Setailing. The tuild iteelf has been quick but the Sedign of
fhe sloping flat roef and sloping mar walls has added compladty

- o " T A

p—

Process
The Hovsesam being built by Pippin Properties Limited, a joint venture berween the land owners and

EsozHames Limitedwith Esazmanaging the build.

*  Theberedits of partial offSite constuction were <dear

» Themual mass is provided by the slab

* Feponts fram Stamafard Brook highlighed the reed for simple and sffective Setuiling andminimal
F;Oviet PUnchuTes

*  The degign with sloping recfsand walls has added considerable complexity

*  Same detailing hashad tabewoerkedup onsite

» Cloge attention vas gven to sealing gaps - 3 speratives for 3 wesks on the first 2 units

Tanagem ent atd Supply chain

* Foos are managing the tuild themsdves which has allbwed problans to be worked through on
ite

* The supply chain has been stretehed but manufacirers sueh as Passivent have worked with Eeos
ta pravide new selutions. Passivert have supplisd the systern with 2 reof outlet far the flat roof,
which wasa rew product

Post-Construction Monitoring |

to undertake the first test onoe the windows are in.
Post Oeeupation Ion iring

EsecHomes have leamt from ofhers, sspeeially Kingerles Hames, the benefits of carly airtightness testing and inend

w4 whols howse home crergy hub supplied by Green Ereqgy Options will allow detalled menitoring of energy, vwate,
teprrRiure and humidite With a teveh sereen, wimless sensors and live web Sisplay, the system is designed to be
aftmetive and engaging, wspecilly for children and will dotail how the solar parels and dreits are perfoming .

*Terants past 2ccupatisn studiss will alsa svaluate conmumer satisfaetion and behavieur patterns

ko = emrmrry =
UrbanBuze Project—Dewelomng Low Cartbon Housng: Lessone from The Field—Low(CarbdBeal

L Srggmizstions : Leeds Metrapalitan University and Univessity Callege Landan

Braject Partners: Gaood Hames allianes, Matiana] Trust, Taylar Wimnpey, B adraw, Undversity of Leeds.

Cimbts: Paof Maksalm Bell, Losds Metsapalitin Liniver Sty (m hell@lacdsmet a0, Braf, Bah Lawe, Bariett Sehal af Gracusts Stubies, UL (rohert lawia@ue 56 1)

Jan Baatland, Saod Homes Allfanee Gnfaf paodhames angukd
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LowCarb4Real; Design collection:
GHA, Stawell:

N Airtightness IS a Design Issue

ECOS

Harmes Lo | Primary Air Barrier — Design it with CARE | "’;“ff//
i

Adrtighttiess is essential in cedet to prevent unnecessary heat loss thecugh the budlding fabtic duete = —
ait v etnent. Any shortoommings in airtightness will increase heating costs, reduce thetmal corntort
and toay canse interstitial condengation. Adrtightress was conddered a prioeity at Btawell with 2 best g
case target of 3 m/hi@a 0P and a fall back target of 5 m/b@50Ra.

Comtinuous The peimary s barrier in the walls is provided by the dense totgne and grosved
weiedfibre boards whilst in the roof the Pro Clima Active membrane has vatiable water vapour
diffusion, is reitdorced for sxtea strength and has a minitourn 50% recycled content.
Accemsible: The air bartier is eadly inspected

Bobust: These preducts ate protected by cladding or render and will Tast the lfetite of the building &8
with et degrading
Explicit:AIl site eperatives were briefed on the itopottance of air tightness with a beief introduction (g
tor the subject. Punctores to the building envelepe were roindrol sed and were carefully sealed
It is intended to conduct the first air tightness tests shortly.

UNINVERSITY OF LEECS

Complexity—Raked walls
When the 03B cassettes were adapted tor the plane of the raking wall, Ecos was leftwith a
cotoplicated intersection whete the raldng wall meets the plinth wall and additicnally where
the rakin g wall meets the dde walls. The detailing of these junctions was reselved on-site
which, altheugh Ecos has the benedit of 2 committed team whe are air ightness aware, is not
ideal.

Windwwsddoors - The aeiginal intention was te have the windows in the same plane as the
wiall but having consulted turnersus window manufactorers it was dear that, wsing standard
writuloww designs, theit was an vhacceptable tisk of water ponding and redocing the life of the
jeinery. Additienally, the U-valve of 2 window is caloulated vertically so the en-paper
perfortnance of the il ding wounld be tideading if they were tilted. The necesdty of
wiitulow Hnings te insert vertical windows inte 2 raking wall alse posed additional desipn
challetyges with regard to the continuity of insulation. These were all overcorne but, as
before, at a considerable titoe and financal cost. From an adr tghtness peint of wiew, by
adding a windew Bning you are introducing an additienal interface and an additional gap that
needs sealing,

Tolerances - Boos were able to find an excellent Iocal joinery fitr whe manufactured the
writuloww Hnings and were 2 great help in overcorning the major desipn challenges they posed.
The teletances between the linin gs and the windows wete, 25 a reslt, very pleasing. The
interface that has been the most vexing has been that between the joinery and the frame. The
off site ranufactore has had the benefit of being extremnely quick in compatisen with anon
site stick budld but the eletnents are still oarofactored by people and are thus subject to the
same huan error and telerance levels. As Ecos wanted to have a breathing' strocture and
aveld weapping the building in plastic this has foeant 2 very titne consutning process of
dealing with gaps between panels and eleroents. Ecos are now locking at systems that wdll
itoprose this for the next developrment.

Secondary Sealing: Considerable eff
consiting of a teamn of 2 over 3 weeks was
spentin ensuring all gaps areond the

witi dows Tinings and fratnes were sealed and

Measurement and Feedback

The benefits of measurernent and testing is akey part of the CHA with all developers

a grin g up te testing and mondtoting. It is intended to conduct 2 series of adrtightness tests
wdth the first one due when all the windews ate in.

Sowhele house mondteting system will feedback on the efficacy of the design

Designing Airtight Dwellings — Guidelines

» Understand the sobject area and train your design tearo to understand the ddrtightness implications of corplex desipn and junctions
sitnplify if possible

 Hyon can’t deaweit, yow can’t budld it

» Ensore the dedpgn and construction tearn, including sub contractor, nderstand the importance of pood thetrnal design

v Help roake enerpy visible by explaining to the teatos about CO; emissions and hemes
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“eneLowCarbdReal; Design collection: © . e O“
I{JC 0 S ! URivarE by hpmes,
i GHA: Stawell,

Thermal bridging

UNINVERSITY OF LEECS

i

[The Old Apple Store—Thermal Bridging |

Ifthe thermal bridge coeflicient (which is an indicator of the extra heat losses of a thermal bridge) is lower than 0.01 WinkE , the
detail is said to be “Thermal Bridze Free”, I this criterion of avoiding thermal bridges 1s full filled throughout the thermal envelope,
neither the designar nor the builder has to worry about cold and harnid parts in the construction - and it will be far much simpler o
calculate the heat energy balance. The design at Stawell was carefully worked up to limit thermal bridging to a minimuen. The
coefleient here is expected to be under 0.03 Wik

| Geometric thermal bridges |

The design of the 4 bed units Ted to coraplications ag the rear walls dope out and the flat rocf has 2 157 slope. These angles meant that
junctions between flooes, walls and root were significantly moere complicated. It alse meant that steels had to be used 25 opposed to the
preferred plulan beatmns. The detrling of jutctions was ecoadonally toote cornplicated in reality than tepresentad in the drawings and had to
be carefully resolved on-gite. This resulted in ihevitable titne and cost itnplications.

: Where the wall was broken by a door or full height windew at ground fleor level |
Ecos also faced the challenge of ensuting the floor insulation accorately followed
the budl dings footprint te avedd cold spots.

| Sy
I i
Ii mrisben botuser Stazs
U'—:m. S5C igum £52
|
Ii e mrrana ey
a1 s ra e e |||| - I8 AF Tmm ymeam mater =reen
s . S ARSI
1 —~ s
wnrhen >ia- roa-neyerpan s . -
e o v 7] 5 4. 18170
v i) - i 5

| Repeating thermal bridges |
The fabtic desipn at Stavwell with glnlatn fraroe, fully filled insulated casettes inanlated
extetnally with 100 tounge and procved woodfibre boards, reduces repeating
thertmal bridging to o toinitoutn. Fanctions with the steels were carefolly detailed and
extra insulation added to ensure thertoal breaks.

MNon-repeating thermal bridges |
Balconies
Eeat baleony strocture to Units 4 and 5 were constructed as part of the feame and suppested off
the ground with GInlatn posts, attached to the stod, with fixings penetrating the taitdsmurn aracont
of the buildings insalation envelope and encaged in insulation te restrict thetrnal bridging to 2
mind ey

Rules to assist in the avoidance of thermal bridging

Understand your subject

Censider a build systern or MMO with ne cavity or well ties

Train design and construction staff.

Create a checkdist for the developroent that defines the most likely points and stage in the constroction process for Inss of thermnal
perforroance

» Ensure that contractors take cwnership and respendbility for therroal desipn on site.
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Appendix 4

Data Output from the LowCarb4Real Workshops

Index Cards Database

The Index Card Database has 771 individual entries, comprising of all the comments and
ideas written onto index cards during the ‘Needs’ brainstorming sessions performed in the

workshops. The database has since been extended to include key imperatives, poster

comments and main points from the Strategic Forum breakout groups.

In the database the index cards have been classified into 8 primary Change Categories with
up to 3 further degrees of sub-categorisation, the first 2 of which are listed below:

Change Categories with 1° and 2° sub-categories

Change o o No. of
Category 1° Sub-Category 2° Sub-Category Cards
Cross-profession understanding 15
Performance data, prototypes (conflicts, limitations, 9
buildability)
Improving Basic Understanding of performance targets, standards, 7
Understanding definitions
Feedback knowledge into training (building
13
knowledge base)
Client/End-user knowledge 10
CPD (updating/new technologies) 11
General training (quality, frequency, etc) 3
Training/Understanding of thermal principles 17
Training/Understanding of airtightness 6
Improving Skills General tra!n!ng (Con§tructor sp'e.cmc) 19
General training (Designer specific) 10
Knowledge, Design Brief/Project specific knowledge 3
Skills, Trgining Low Carbon training for site staff 5
& Education Training in specific construction issues (detailing) 4
Training in the Process 5
University training in low carbon issues 3
Low Carbon design training 12
Research & PR . .
Training in Innovation/Creativity 2
Technology
Research & Development 2
Knowledge for future-proofing 2
o SAP/CSH/Energy training for designers 1
Legislation & Training for PI & Legislat 5
Certification ra!n!ng or . _anr?ers egislators
Training certification 1
Cost/Resources for training 3
Drivers for Learnin Motivation/Incentives for training 1
9 General: Training & Education 7
General: Knowledge & skills 4
Process Sequencing 8
Buildability/Sequencing 24
Inclusion into design process 20
Integrating Processes | Inclusion into construction process 7
Modification Process 5
Improving (up-front) design & specification process | 13
Integrated design 5
Leaislation & Enforcers/Building Control 12
egislation P .
Regulation Leglslgtlon & Planning Issues 14
Incentives (Rewards & consequences) 10
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Quality 10
Testing & Feedback Testing 13
Monitoring & Feedback 32
Procurement 4
Process Management | Cost/Value Engineering 4
Process Management 14
Stability/Level playing field 4
o Realistic targetting 2
Leglslat!on & Incentives & Consequences 6
Regulation
Planning 6
Role of Regulation & Policymakers 15
Extra Costs of L.C.H. 8
Economic Issues Stable economy/housing market 4
Culture Public Demand 15
Simplicity 16
No blame culture 6
. . Desire for better performance 11
Changing Attitudes Value of Constructors 6
Innovation & attitude to change 13
Work Ethic 1
. Ownership 6
Partnership Partnerships & Team Ethic 19
Simple/Clear legislation 8
Legislation & Technical Guidance & Support 19
Regulation Regulatory Reform 6
Incentives to exceed minimum requirements 1
Modelling Tools Ere-Cpnstruction Tools (Modelling, Datasets, 19
earning Tools)
Tools/Methods Knowledge Sharing 6
Knowledge Sharing Working Examples 14

More Information on Low Carbon Technologies

Measurement Tools

Post-Construction Tools (methods of
testing/measurement)

Accurate costing tools

Construction tools (site-based)

Communication

Quality of Information

Genral Communication

Clarity of Design Information & Detailing

Information Exchange

Communication with Site staff

Communication with end-user

Communication with regulatory authorities

Communication between Designers & Constructors

Communication between Designers & Specialists

Knowledge Sharing

Engagement of all throughout process

Communication
Breakdown

Conflict resolution

Supply Chain

Knowledge Sharing

Improved product information

In-use performance data (not just theoretical/lab-
based)

Supply chain training to end user

Information Exchange

Supply chain interaction

Communication with Designers & Constructors

Technical Support

Influence on Government policy

Product Performance

Better performing products

New products/systems

Easier to install/use products

AINOWOINIOI=2|W O O N [ WA WO WINN=_2xT0=2IN O
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Locally sourced products

Innovative Supply Chain

Lower prices

Cost & Service Improved lead times and availability

Lower cost of sustainable materials

Time/Money for Design - pre-construction 0
Extended/Flexible Timescales 7
Time & Money Budgets: realistic/clear/flexible
Resources Time/Money for Design - modifications
Assistance with extra costs of LCH
Human Resources Staff stability & quality
New Technologies Incentives ;
Access to new technologies
MMC More MMC / Off-Site solutions
Less MMC / Off-Site solutions
Flexibilty & Adaptability of technical Solutions
Performance of Robust construction technologies/products
Design/Techno | Technology

logy Solutions

Multi-regulation compliance technologies/products

Smart controls

Technology Specific Party Wall Insulation

Solutions Window Seals

Service Penetrations

N aalaNNmlmalwoldoldbdlalalvoaldN -~

Each individual index card entry has been assigned up to 4 keywords from the list below.

List of Keywords in Index Card Database, and number of occurrences

Keyword No. | Keyword No. | Keyword No.
Accreditation 6 | Evidence 37 | Prototype 7
Accuracy 8 | Example 16 | Public Opinion 11
Adaptability 7 | Existing Stock 2 | Quality 28
Aesthetics 5 | Experience 14 | Realistic 9
Airtight 17 | Faults 5 | Receptive 4
Aspiration 10 | Feedback 41 | Regulation 31
Attitude 14 | Finance 17 | Relationship 7
Authority 6 | Flexibility 8 | Renewables 4
Barriers 5 | Funding 5 | Research 6
Behaviour 3 | Government 14 | Respect 2
Budget 10 | Guidance 35 | Responsibility 15
Buildability 29 | Implication 5 | Re-think 7
Building Control 2 | Incentive 18 | Robust 10
Capability 5 | Inclusion 14 | SAP 9
Change 18 | Information 29 | Science 8
Clarity 22 | Innovation 15 | Sequencing 8
Client 25 | Input 14 | Sharing 22
CO, 6 | Inspection 3 | Simplicity 36
Code for Sustainable Homes 12 | Integration 16 | Skills 19
Communication 46 | Investment 4 | Solution 31
Complexity 11|17 5 | Specialisation 3
Compliance 9 | Knowledge 43 | Speed 2
Component 4 | Learning 8 | Stability 6
Compromise 3 | Legislation 13 | Standardisation 12
Confidence 6 | Limitations 3 | Standards 13
Conflict 5 | Low-Carbon 57 | Strategy 7
Consequences 7 | Management 14 | Sub-contractor 6
Consistency 10 | Materials 17 | Supervision 6
Construction 16 | Measurement 9 | Supply Chain 33
Constructor 15 | Model 12 | Sustainable 12
Contractor 14 | Modern Methods of Construction 8 | System 23
Co-ordination 7 | Modifications 7 | Target 17
Cost 27 | Monitoring 14 | Team 19
Culture 6 | Motivation 4 | Technology 28
Customer 8 | Multi-skilled 4 | Testing 29
Definition 7 | Objective 2 | Thermal 27
Design 95 | On-site 27 | Time 38
Details 46 | Openness 2 | Tools 17
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Drawings 8 | Operative 14 | Training 48
Early 14 | Ownership 17 | Understanding 72
Economy 3 | Partnership 7 | Up-front 4
Education 39 | Performance 55 | User-friendly 2
Effective 2 | Planning 20 | Value 14
Efficiency 11 | Prediction 4 | Value-Engineering 5
End-User 19 | Priority 5 | Warranty 3
Energy 18 | Process 36 | Workforce 14
Enforcement 5 | Procurement 17 | Workmanship 3
Evaluation 4 | Programme 3

The top 5 main points emerging from each ‘Needs’ breakout session to be presented to the
workshop plenary sessions are tabled below, categorised into a list of 13 Key Imperatives for

change.

Key Imperatives groupings

Key Imperative Comment Workshop
Customer attitudes & feedback to design (different groups & levels).

Cultural Changes Low carbon housing demand - only buy A++ rated. 11-Sep
Change in culture across the board. From Design to Build to Users.
This needs education, education, education 11-Sep
Ensure buildability of designs
1. Longer lead in times for design
2. Proper design period built-in
3. Feedback of how details work on site
4. Designers involved in the construction process & methods

Process Changes 5. Contracts that allow for feedback & checking
6. Better interaction between supply chain & contractors/designers 11-Sep
A well structured innovation process for new solutions
- Testing, data & feedback
- Prototyping
- Continuous improvement 16-Sep
Design and delivery process improvements fully "engineered" as a
manufacturing process 24-Jul
Training & skills:
developer/designer/builder/occupier/client/BCO's 16-Sep
Training & Education:
- Life-long learning
- Integration of training (levels & groups)
- Design & construction as a learning process

Education/Training - Churn & methods of training
- Rationalisation of training 11-Sep
Education & Training:
Tailored to suit 11-Sep
Education & Training:
Throughout - from supply chain to end-user 16-Sep
Knowledge + education 11-Sep
Training + skills 11-Sep
Knowledge Sharing:
- Models
- Details
- Performance
- Training
- Supply Chains
- Across Industry
- Project Review 24-Jul
Share experience with no shame
- Both good & bad performance

Sharing/Partnerships - Serious barriers to doing this 24-Jul
Partnership Teams:
- Common goals
- Sharing resources
- Understandings 11-Sep
Learning from other manufacturing industries - trendy, overstated, level
of tokenism.
Do not need to re-invent the wheel 24-Jul
Training & Skills etc.
- Ownership
- Cross-disciplinary understandings
- Information Exchange 16-Sep

) Skills/Knowledge/Training

Timescales/Resources | _ Need time to train & learn & feed back

- 2010/2013/2016 doesn't help 24-Jul
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Design:

- Aligning planning

- More up-front design
- More time up-front 16-Sep
Resources (Application of resources) - way of looking at:
- Time

- Money/Capital

- Knowledge

- Tools 11-Sep

Cultures:

- Relationships - Master/servants
- "The way things are done" 16-Sep
Communication between ALL stakeholders 11-Sep
More flexibility from Building Control 11-Sep
Relationships/Interactio | Communication up & down supply chain through to
n/Communication contractors/designers

- Industry forum

- A trade body of trade bodies/CPA

- There is a common purpose; who can facilitate HBF? or others?

- BRE - Need to be what they used to be! 24-Jul

Planning system & its relationship with design & construction.

- Integration with ("relationship with") Building Control 16-Sep

Understanding & realistic expectation of planning committees.

Sufficient consultation or flexibility on planning. 24-Jul
Expectations Push to create consumer market + expectations 11-Sep

Agreed & realistic setting of achievable targets across the whole of the

UK.

- political issues? 24-Jul

How do we manage all the changes that are coming?
- Who is responsible for what?
- Where are the conflicts/inconsistencies?

Ownership - Timescales for learning & feedback on performance 11-Sep
Need to take everyone along.
- big developers & small housebuilders 24-Jul
Continuity: Ownership & Responsibility 11-Sep
Understanding comfort and other user requirements and the implications
for carbon performance. 24-Jul
Research & evidence:

Understanding - Examples, places to see
- Real data (independent) 16-Sep
Feedback on performance
Understanding building performance as a system 24-Jul
Durability & research into real performance of prototypes 24-Jul

Need better regulatory tools & models
- SAP needs to be a design tool

- Better accredited details

- Implications for training of assessors 11-Sep
Guidelines (BRE ?) 11-Sep

Guidance/Models

Need to check & monitor performance at all stages

- subcontract payment system does not incentivise quality or
performance

- Needs to feed back into design & construction process 11-Sep
Wanting to do it - really !! 16-Sep
Incentives 24-Jul
Reward/Value 11-Sep
Legislation:

- Regulation

- Policy - general environment
- Incentives - tax/grants/etc

- Economic climate 11-Sep
Testing + monitoring (incentivised) 16-Sep
Positive incentives:

- long-term involvement
- energy supply

- not just targets

- joined-up approach

- understanding timescales 16-Sep

Incentives/Motivation

Consistency/Simplicity/ | Simple, buildable, self-checking designs
Stability/Clarity Simple legislation 24-Jul
Simplicity:

- Design

- Regulation
- Process 11-Sep
Clearer guidance from Government
- legislation & evidence 16-Sep
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Consistent regulatory environment + guidance 16-Sep
Legislative stability with clear targets & no contradictions 24-Jul
Keep it simple & solutions that work. (Why does an Eco-House have to
be off the wall?) 24-Jul

Consequences for under-performance
Defirne and measure under-performance & must be fair 24-Jul
Testing & Feedback:

Consequences - What tests?

- Impacts of testing

- Feedback channels

- Consequences of testing (under-performance)?
- Blame or understanding? 16-Sep

At several of the workshops blank A1 posters were hung adjacent to the A1 project posters
for workshop participants to write comments on. Little feedback was obtained via this method,
the few poster comments received are tabled below.

Poster Comments

Poster Collection Poster Comment

It would be interesting to analyse design cost of
a house - or housetype - against that for the car
Design Collection Thermal Design Principles | you drive - nett cost per house & per car.

- There is masses of time spent in housing
looking at half baked solutions.

Operatives need to know why airtightness is

Construction Collection | Air Barrier Construction .
important!

It would be nice to see who thinks who is
responsible for the design of the example details
Construction Collection | Air Barrier Construction for junctions of the envelope

:- Architect :- Main Contractor

:- Sub Contractor :- etc...

Design needs to incorporate services & details of
junctions & possibly if left to contracts will be ad
Construction Collection | Air Barrier Construction hoc.

All services need to be thought about in detail at
design stage.

If every project has to have a CDM Co-ordinator

Process Collection Construction Planning why not insist on a CLERK OF WORKS?

Can designers be involved in quality control on
Process Collection Closing The Loop site rather than lost in the obsession with "fixed
price" and Design & Build contracting.

Forum — Main Points

Flipchart Material

78




	Introduction 
	LowCarb4Real Process
	Workshop Methods
	Knowledge exchange
	Feedback 

	Evaluation Process

	The Poster Collection
	Workshop Outcomes
	Change Categories
	Key Imperatives
	Knowledge Shift
	Plenary Session Discussions

	Strategic Forum Outcomes
	Participant Reflections
	Analysis of ‘Breakout Group Main Points’ Flipcharts

	Conclusions & Recommendations
	Knowledge Exchange Plan
	Evaluation Plan
	Posters
	Project poster
	Stamford Brook collection
	Design collection
	Construction collection
	Process collection
	Workshop collection
	GHA case study collection

	Data Output from the LowCarb4Real Workshops


