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1 Introduction and overview

Technology Strategy Board | This section of the report should be an introduction to the scope
guidance on section qf the BPE p'rojt'act and'will inglude asummary of thg key fact§,

] figures and findings. Give an introduction to the project covering
requirements: the project team and a broad overview of the energy strategy
and design strategy rationale. Only the basic facts etc. should be
included here - more detailed information should be given in the
relevant sections in this document and added to the data storage
system as appropriate.

These two homes built in Ebbw Vale, South Wales, were designed to achieve
exemplary energy use. They were conceived as prototypes to show that it is possible
to build social housing that meets the demanding Passivhaus standard. It is among
the first low cost passive houses in the UK, and probably the first in Wales.

It is an exposed site in one of the wettest parts of the UK, with mist and cloud being
particular issues.

Lead designers Bere Architects won the project in an open competition to design 'The
Welsh Passive House'. The competition was managed by BRE (Wales) with EU and
Welsh Government funding. BRE (Wales) partnered with Blanau Gwent Council, who
supplied the land, and who hosted educational visits to the houses. Originally the
visits were to last a year, but this was extended to 18 months due to very high levels
of interest in the project.

United Welsh (Housing Association) were Executive partners in the project. UWHA
commissioned Bere Architects to manage a construction contract to build the houses
using one of their contractors, Pendragon Design and Build. A key requirement of the
project was to demonstrate Welsh skills and manufacturing capabilities wherever
possible, and to highlight opportunities for Wales to develop future-orientated, low
carbon leadership in the construction industry.
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The designers used slightly different approaches to certifying the two homes as
passive houses, with one based around peak heat loads, and the other around annual
heat demand. This provides a useful comparison of the approaches, which has not
been possible elsewhere.

Larch House was built first  from March to July 2010 and is timber-clad. It has
larger windows on the south side, and was more expensive to build than Lime House.
Lime House, as the name suggests, has lime render. It was built from June 2010 to
March 2011, and has a different specification for quite deliberate reasons to act as a
comparison for both construction costs and performance.

Larch House is larger, at 99 m?  a three-bedroom house while Lime House has just
two bedrooms, at 78 m?.

Both houses have solar water heaters on the roof. Larch House, being larger, has a
4m2 collector, while Lime House has 3.3m?. They also both have photovoltaic panels
on the roof to generate electricity: 4.7m? in Larch House, and 1.89 kWp in Lime
House.

_?‘___

Larch House is a modern, timber-clad design with exceptionally low heat loss and
excellent air tightness
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Sadly there was a delay in finding tenants to live in the homes, which means that
even they were unoccupied until April 2012. Clearly this presents problems for in-use
monitoring, but although the houses are not lived in, they are being used by visitors to
Future Works.

Like other passivhaus homes, the Larch and Lime Houses both have mechanical
ventilation with heat recovery, extremely good insulation and airtightness, high
performance glazing, and (apart from small towel radiators in bathrooms) only air-side
heating.

The houses have been designed to the Lifetime Homes standard, intended to be
flexible and adaptable enough to support the changing needs of occupants at different
stages of life. They are constructed from natural materials, requiring little maintenance
and suitable for reuse or recycling at the end of their life. Bere also favour natural
materials in order to achieve good indoor air quality.

The houses are built using a closed panel timber frame system developed by Bere
with a local Welsh factory, Holbrook timber frame. Holbrook were most familiar with
manufacturing and erecting140mm timber stud wall panels for Premier Inns around
the UK. The design techniques resulted from Bere’s 18 month knowledge-transfer
with Kaufmann Zimmerei of Vorarlberg, Austria, where Bere learned about the latest
developments in the most advanced timber framing techniques.

However, Welsh timbers are of smaller section than Austrian timbers, they are faster-
growing and so poorer quality. Hence the frames of the two houses were designed
specifically around the small-section, fast-growing timber sections commonly
produced in Wales (typically no greater than 215mm). These took the place of larger,
slow-grown timber studs typical in Passivhaus construction (often up to 280 300mm
in section), which would otherwise have been imported from outside the UK.

U-values for the walls are low even by Passivhaus standards: external walls are 0.095
W/(m2K), the roof is 0.074 W/(m2K), and the floor slab is 0.076 W/(m2K). These
exceptional insulation values reflect the extreme climate data used during the
Passivhaus design and certification process, see below. The full implications of this
strategy are discussed in Section 2 of the report.

Overall Larch House has a heat loss parameter of 62 — 4 W/K for both ventilation and
fabric losses and Lime House s HLP is 45 — 2 W/K (Siviour analysis in both cases,
incorporating solar gains). Air pressure tests were repeated one year after completion
and they showed excellent air tightness test results of 0.26 and 0.54 m*m?hour (Lime
House), at 50 Pa.
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2 About the building: design, specification, construction
and delivery

Technology Strategy Board | This section should summarise the building type, form, materials,
guidance on section surro_undlng environment and orientation, as well as related

) dwellings in the development (which may or may not be part of
requirements: the BPE project). Other amenities, such as transport links,
cycling facilities, etc. should also be outlined where relevant.
Also provide comments on the design intent, construction
process and the product delivered. If the original specification is
available, describe how closely the final design meets it, what the
discrepancies are and why these occurred. Indicate whether the
explanation comes from the design team or from evaluator
judgement. Identify any discrepancies between the design and
SAP and whether the design accurately reflected in the SAP
calculations and describe where these discrepancies lie. Does
the SAP performance match the specified performance and was
this informed through measured or calculated data. As far as
possible provide an explanation of the rationale behind the
design and any changes that occurred. In particular, it will be
helpful to understand the basis for making key decisions on the
choice of measures and technologies. These may have been
chosen to suit the particular property or a physical situation, or
they may have been chosen to test an innovative material or a
new product.
Complete this section with conclusions and recommendations.

Design rationale

The brief was to provide two homes of less than 100m? that would meet the
Passivhaus standard as well as all usual requirements for social housing if possible
at a similar cost to usual housing association construction costs. Usual costs were
estimated at £1200/m? (excluding prelims), based on the construction of a single
building. Small developments, built in terraces, are expected to achieve significantly
lower build costs than one-off detached houses.

Larch House

Larch House, Bere s first Welsh Passivhaus Social Housing prototype, was certified
by the Passivhaus Institute and also achieves Zero Carbon, Code 6 of the Code for
Sustainable Homes. This is a three-bedroom house designed to minimize annual heat
demand (13kW/m?/yr) with a peak heat load of 11W/m?.

It is located 300m up in the top of a valley, with particularly cold and cloudy winters
and relatively little winter sun. Due to the lack of passivhaus precedents for such misty
and cold winter conditions, the BRE said the designs should use weather data based
on a’once in 10 years’ extreme worst case scenario. At the time this seemed like a
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good idea, however Wolfgang Feist pointed out in a BRE presentation at Ecobuild
2011 that if normal weather data for the location had been used, only 100 Watts of
extra power would have been needed to meet the extra heat demand for such an

extreme event.

A paper presented to the International Passivhaus Conference (Justin Bere, 2011, see
p.11 of this report) concluded that average weather data should always be used in
future projects. The paper argued this would save over 10% of construction costs
compared to 10-year worst-case weather data.

To meet the worst case local climatic conditions Bere designed to in this project, the
specification included 425mm of insulation in the walls, 480mm under the ground floor
slab, and 560mm in the roof. The windows occupy 55% of the south elevation to
maximize the potential for solar gains during the winter.

The house was designed to achieve excellent comfort and minimal energy bills even
in extreme weather conditions, together with bright and airy interior spaces. However,
the high quality windows are very large and therefore expensive, when compared to
most UK low-cost social housing and these large windows require shading in summer.
Both these factors adversely affected the build cost of the house when compared to
the cost of average UK social housing.

Lime House

So for Bere s second Welsh Passivhaus Social Housing prototype, the Lime House,
they wanted to find a way to overcome the costs associated with large windows and
retractable blinds.

Lime House was also a certified Passivhaus, also using extreme 10 year worst-case
weather data, but it uses a different method of achieving Passivhaus certification,
based on the peak heat load. (This is a new and less well-known method, which
requires homes to use no more than 10W/m? of heat on the coldest expected day,
instead of the more familiar 15 kWh/m? averaged over the whole year.)

When there is a shortage of sun, solar gains become less significant and internal heat
gains become more important. To ensure the peak heat load remained below 10W/m?
in an extreme weather event, Bere s work using the Passive House Planning Package
(PHPP) led them to reduce the amount of glazing, assuming the same fabric
specification as the Larch House.

They found that reducing the south facing glazing to 20% of the elevation enabled

them to keep the peak heat load below the limit of 10W/m? in the event of a 10-year
peak (i.e. cold) weather scenario, while at the same time maintaining an acceptable
annual heat demand (17kWh/m?/a). This approach enabled them to rely primarily on
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air-side heating to meet the peak load. (See PHPP output files in the Appendices of
this report.)

Heat Load Annual Heat Demand
Wim?2 kWh/(m?a)
25.00 25.00

Increased south facing windows = increased absorption of

20.00 ,\solargains in wirter resulting in reduced annual heat demand. 4 20.00

\ml‘l Passivhaus criteria - Annual Heat Dﬁr‘l-a..

e o
/‘/ﬁ-ﬁ;’t Load > 10W/m2 supplementary heat need
10.00 limit Passivhaus cri‘leriaf Heat Load| 10.00

15.00

Increased area of south facing windows = increased / \
winter heat loss on completely overcast days and
nights. This increases the amount of heat required on
_| worst-case days with tolally overcast winter weather B
Sk conditions. Heat Load < 10W/m? e
heat requirement can be met
via fresh air supply
000 JEHUR I TR SV SRR 0.00

5 10 15 20 25 30 35 4045 50 55 60 65 70 7580 85 90 95 100
Window percentage of south facade (%)

—— Annual Heat Demand
——— Heat Load

The team’s work optimising the glazing on the south side found that a 20% glazing
ratio was best when focussing solely on peak heating load, but 55% was best when
focussing on the annual heat demand — as Passivhaus requires.

A design optimization graph produced by Robert McLeod (BRE) and Carine Oberweis
(Bere) helped to understand the building physics that determined the glazing areas.
This graph clearly showed two discrete optimisation points with respect to glazing
areas depending on whether Annual Energy Demand or Peak Load is being
optimised.

The worst-case weather data for Ebbw Vale, produced by the BRE, is almost twice as
demanding as either Manchester or Innsbruck mean data. With normal weather data,
there would be a minor difference between the certification method based on annual
heat demand and the one based on peak heat-load. However, this extreme weather
data meant there was a much more pronounced difference between them.

It resulted in two very different design outcomes: the annual heat demand method
seemed to prioritise solar heat gains, whereas the peak heat load method favoured
internal heat gains and reducing fabric transmission losses. The peak heat-load
method of design resulted in the cheapest building, mainly because smaller windows
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save window costs and, if the smaller windows do not require summer shading, the
cost of blinds can be eliminated.

These elevations show Larch House’s much higher glazing ratio (55%) on the south
side, compared to Lime House’s 20% south-side glazing ratio. The difference is down
to different weather data used for certification.

The Lime House was also more economical because beneath the 10W/m? peak load,
towel radiators were not needed in the bathrooms. Heat supplied through the low-
volume 'hygiene’ air supply (designed to minimise fan power use while maintaining
low levels of airborne CO2 and optimum indoor humidity levels) was sufficient.

However, even in the Lime House, using extreme worst-case weather data resulted in
costs that are prohibitive to the uptake of low energy housing by social housing
providers in a period of low government expenditure. Since both houses proved very
successful in maintaining comfortable conditions by air-heating in an unusually cold
winter, Bere decided to investigate the savings that they could achieve in future using
average weather data for Wales or the North of England. They also decided to check
for any associated risks.

Using Manchester mean weather data, which is milder and less cloudy, would have
allowed certification for a 33% glazing ratio for the south side of both homes. This
would also have allowed a cheaper fabric specification.
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When Bere re-designed the two houses with average (Manchester) weather data they
found that this significantly reduced or even eliminated the difference between using
annual heat demand and peak load in certification. Both certification methods
allowed 33% south-facing glazing and an identical (reduced) fabric specification
compared to the houses that were actually built. PHPP indicates that internal blinds
would be sufficient to maintain comfort in summer.

Cost consultant Richard Whidborne then re-analysed the cost of the re-designed
Larch House compared to the Royal Institute of Chartered Surveyors BCIS database
for a one-off detached house built in the previous 10 years.

Richard Whidborne found that Larch House, with worst-case weather data as built,
cost 22% more than typical low cost housing. The extra cost came from:

a 55% glazing to south elevation

external solar blinds

425mm mineral wool in walls in three layers
560mm mineral wool in the roof, and

480mm expanded polystyrene under the ground slab.

Richard Whidborne then repeated the analysis assuming that Larch House had been
certified with mean weather data. He used a revised fabric specification calculated
using the normal 'average’ weather data in the Passivhaus Planning Package
(PHPP), rather than the extreme worst-case weather data that had been in the
competition brief. This found that the construction cost for this less demanding
scenario would have been significantly lower: just 9% more than typical low cost
housing. Here the design would have included:

33% glazing to south elevation

no solar blinds

240mm mineral wool in walls in only two layers
420mm mineral wool in the roof

240mm expanded polystyrene under ground slab.

It was clear that using average weather data would have saved a lot of money, but
what about the risk of being unable to meet the heating requirement in extreme worst
case weather conditions? To explore this, Bere put the 10-year worst-case weather
data back into Option 2 (with the reduced fabric specification).
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The peak heat load went up to 11W/m?. This is just 1W/m? above the capacity of the
air-side heating, and in a 100m? house equates to just 100 Watts. This is a very small
additional heating demand that can be supplied by just one old-fashioned
(incandescent) light bulb! Alternatively the heat could come from one emergency fan
heater, or a towel radiator in the bathroom, which would supply the additional heat
needed in an extreme 10-year worst-case weather scenario.

Bere concluded from this that in future it would be better, and more cost-effective, to
design using mean local weather data rather than the 10-year worst-case scenario
with supplementary heating for periods of extreme or prolonged cold. This would bring
considerable savings in construction costs for the fabric, and would make passive
house standards more realistic for social housing in the UK.

Naturally, this would raise energy use and CO, when the extra heating is used, but the
impact is probably small compared to the savings achieved from passive house
designs overall. As in other aspects of low carbon design, the marginal savings from
extra effort/cost tail off as standards are raised. It is almost certainly more efficient in
terms of energy/CO, savings to persuade more housing associations that passive
house designs are achievable and affordable than to insist on even higher fabric
performance that deter many such developers from even trying.

Bere also concluded, based on considering other housing types, that terraced homes
are more economical and therefore better-suited to social housing. Bere believes it
would be more cost-effective to build passive house terraces than detached homes
like Larch and Lime House.

A major objective of this project was to achieve comfortable and healthy homes while
minimising energy use. The dwelling would eschew a conventional heating system in
favour of maintaining warm and comfortable interior temperatures (at standard
occupancy and 20C in winter), while using less than 15kWh/m?/y for heating.

Design and specification the building

The competition brief was to design The Welsh Passivhaus . BRE Wales wanted
cost-effective houses that would be replicable by housing associations they did not
want a tick-box approach to sustainability. They wanted a fabric first approach to
saving energy rather than bolt-on technologies to generate energy.

The passive house methodology was chosen to predict the energy consumption of the
winning scheme. The fundamentals of the passive house approach are to keep the
heat load below 15kWh/m?/y and to keep total primary energy use (that is,
consumption including transmission losses) below 120kWh/m?/y. These requirements
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reduce operational costs to a small fraction of normal building control requirements
and the standard requires this to be achieved at the same time as providing a very
high quality living environment, in terms of comfort and health.

The Passivhaus energy consumption target is absolute, and cannot be offset by
generating power from renewables. While the standard allows design flexibility, the
prescribed means of measuring predicted building performance is rigorous, and the
target is very demanding. The combination of these factors always steers the
designer, using climate data specific to locations throughout Northern Europe,
towards a strategy which includes:

1. High level of insulation

2. Minimal calculated thermal bridges

3. Very draught-free construction under pressure-testing, and
4. Heat-recovery hygiene ventilation.

In addition, the competition organisers wanted the house to achieve Code 4 or 5 of
the Code for Sustainable Homes. It was decided to achieve this using on-site
renewables. When Bere found that Code 6 could be achieved by simply adding
photovoltaic panels to the south facing roof slope of the Larch House, additional
funding was provided to achieve the UK s first Code 6, Zero Carbon Passive House.

Another requirement of the brief was to consider how the building might mesh with
local industry and manufacturing. Bere chose to use timber as the main material, as
this is a plentiful and under-used resource in Wales. It is also a low carbon,
particularly if the raw materials are grown and processed locally. Bere researched and
described their vision for the development of Forestry in Wales in Integrated
Strategies for the Welsh Timber Industry , published in 2011 (available for download
on Bere s website, here: www.bere.co.uk/research/integrated-strategies-welsh-timber-
industry)

One of the main characteristics of the project is that the owner was willing to
implement as many low carbon technologies as possible. The architects concept was
to design an exemplary low carbon home. The low carbon technologies used in the
house are:

. A photovoltaic array to generate electricity

. A solar collector to provide hot water;

. Heat recovery ventilation (HRV); and

. Rain water harvesting using water butts for economy.
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The design and sizing of the HRV system was carried out by the Green Building Store
and by the services advisor, Alan Clarke, who also designed the rest of the services.

Air tightness and insulation were critical in meeting the low space heating
requirements of passive house standard, and Bere went to great lengths to describe
to contractors precisely how to install membranes at junctions especially wall-
window and wall-roof, see below. (Significant junctions were drawn at three key
stages of construction to help the contractor.)

All Bere’s details clearly show where to install the air tightness membranes (marked in
red). This makes it much easier for the construction team to ensure there is a
continuous air barrier, and so achieve good air tightness.

The Passivhaus standard requires thermal bridges of less than 0.01W/mK. Bere
Architects used (two-dimension) HEAT2 software to analyse significant junction
details, and found that nearly all of the junctions complied with this requirement.

Thermal bridge analysis

In February 2011, Bere Architects carried out a thermal imaging survey of the Larch
and Lime House. This highlighted a small but significant increase in heat loss around
the plinth of the buildings, and prompted further three-dimension thermal analysis.

A subsequent thermal bridging analysis, using Therm v5.2, examined five key details,
including plinth connections, door thresholds and window sill and head details.

The external Psivalue (a measure of the linear transmittance of a thermal bridge,
measured in W/mK) calculated for the plinth was found to be positive, showing a
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correlation with the findings of the thermal imaging analysis. The thermal bridge was
not significant enough to affect the Passivhaus certification, but this is nevertheless an
important outcome of the research project. Creating a thermal bridge-free equivalent
for this detail would clearly have structural and cost implications, but this clearly merits
further consideration.

B0 °C

03 °C

The thermographic photos of Lime House taken in February 2011 pointed to a
possible weak link in the construction: heat loss through the plinth

Picture markings:

Measurement Objects Temp. [°C] Emiss. Refl. temp. [°C]
Measure point 1 0.7 0.95 20.0
Measure point 2 1.9 0.95 20.0
Measure point 3 3.2 0.95 20.0
Measure point 4 2.6 0.95 20.0
Measure point 5 21 0.95 20.0
Measure point 6 2.8 0.95 20.0

The thermal image shows a higher surface temperature on the south side (M2: 1.9 C)
than the west side (M1: 0.7 C). This indicates that even on an overcast day in winter
the orientation affects surface temperature. The ground temperature is also higher
than walls of the house. A surface temperature of 2.8 C at Measure point 6 suggests
the plinth is a possible weak link.
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Junction (inc reference planes)

internal dimensions shown in red
extenal dimensions shown in blue
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Isotherms

(Lines of constant temp)
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Modelling using Therm 5.2 found that the Internal Psi at this junction was 0.13, and
the External Psi was 0.02 W/mK. This compared to an excellent modelled floor u-
value of just 0.07 W/m?K. This suggests that the plinth is indeed a weak link in the
fabric partly because other parts of the building are so well insulated.

The window joinery for Larch House was high specification, with low u-values and
very good draught seals. They were imported from Germany, while the window joinery
of the Lime House was made in Wales to designs developed by Bere with Bill
Robertson (a passivhaus window designer Bere worked with previously), Bayer
Schreinerei (manufacturers of the windows in the Larch House), and a small group of
carpentry workshops brought together for the project by Woodknowledge Wales.

Bere managed to get the windows certified passivhaus (the first UK-designed
windows to be certified). They also organised the supply of Puren structural insulation
from Germany. This was needed by the Welsh joiners to construct the laminated
frames.

The joinery had very good draught-seals. Triple-glazed, passivhaus-certified windows
achieve Uw-values of 0.6 W/m?K (throughout, excluding the frames). The overall
window for Larch House u-values were around 0.8 W/m?K  exceptionally low heat
loss for windows in the UK.
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Automatic blinds were fitted to the large south-west facing windows to reduce
summer overheating and to provide more privacy. The operating controls of the blinds
in the Larch House were not supplied and installed as specified, but due to the nature
of the building contract they were accepted on this project.

In future, however, Bere recommend that remote controls (which the UK importers
issue as standard) are not used to avoid the risk of losing or damaging a remote
control. Instead, they say they should be replaced by wall-mounted 'up-down’ controls
adjacent to each window. This requires non-standard control gear, which is expensive
to retrofit and so this should be emphasised in the specification.

Further, the UK distributors normally supply simple controls that lower the blinds to cut
out sunshine, whether summer or winter. This is fine in summer, when sunshine is not
generally wanted inside the house, but it is an unsuitable control method in winter,
because the blinds do not allow solar gains when available and needed. The wrongly
supplied and installed controls were discovered by Bere while testing in January 2012
and the automatic feature has now been removed. This means that building
occupants will need to remember to lower blinds in the summer before leaving the
house for work, or other extended periods when the house is unoccupied.
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Design and specification the services

Building services were designed by Alan Clarke with assistance from Andrew Farr
from the Green Building Store (ventilation design and commissioning), in conjunction
with Bere Architects.

Ventilation

The ventilation systems for both homes are very similar. In both cases, heat recovery
ventilation systems provide supply and extract ventilation. They also provide space
heating. Both systems use a Paul Focus 200 HRV unit and a VEAB hot water heating
coil. Heated air is carried in insulated ductwork to the bedrooms and the living room,
plus the dining area in Larch house.

Air is extracted from the bathroom, shower room, airing cupboard, and the kitchen.
Extract air returns to the heat recovery ventilation near the front door in Larch
House, and under the landing (in the utility cupboard next to the kitchen) in Lime
House. Terminals are Lindab steel terminals and extract valves, with a filtered kitchen
extract grille, and flow rates adjustable at the terminal.

Ductwork is also Lindab: spiral-wound galvanised metal, with push-fit connectors that
have integral rubber seals. Having used other cheaper ductwork in earlier projects,
Bere now exclusively use Lindab ductwork. This is because screws and sealing tapes
or compounds are not required, which is quicker to install and ensures a higher quality
air tight joint than alternative systems. Long-term reliability is also much better due to
the integral rubber seals.

The insulation for heated ducts is mineral fibre and foil, and insulation of ducts
between the HRV and the exterior of the house is Armaflex. Electric pre-heating
protects the heat exchanger against frost using a Paul ISO unit with G4 pre-filter and
a PTC ( positive temperature co-efficient ) electric element controlled by an electronic
thermostat to raise supply air to the HRV to a set point of -1 C. This prevents frost
from blocking the HRV intake, which is essential for HRV to function when the outdoor
temperature falls below freezing.

(Of course, the heating element uses electricity, which increases CO, emissions, but it
is simple and inexpensive to install. The alternatives to this element are using a
ground to air or ground to brine heat exchanger. Although these would both reduce
electricity use, they are both more complex and more expensive.)

Larch House

In Larch House the HRV unit is located in a the storage cupboard by the front door.
Intake and exhaust terminals face onto the street. Ducts run in a limited zone between
joists from the HRV unit to the kitchen, dining, shower room and living areas. The
ducts rise in the airing cupboard to run in lowered bathroom and landing ceilings.
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Bedroom supply terminals are mounted on the walls, and the ceiling is higher in
bedrooms. (See schematic below.)

Damp exhaust air is removed from the kitchen and bathroom ceilings (shown in red),
passed through the heat exchanger in the HRV, and pre-heated fresh air is brought
into bedrooms and living areas (shown in blue).

Supply is over doors using a terminal designed to circulate the supply air across the
room with the return path at low level under the door
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On the ground floor directional ceiling mounted terminals are used to distribute air
southwards across rooms from the duct zone at the north of the building

A heater battery is installed directly above the HRV and this is supplied with hot water
from the central heating boiler (a Rehema Avanta 18s) in the airing cupboard upstairs.
The heater battery is on the left of the picture below, with foil-covered insulation. The
intake and exhaust ducts are on the right and insulated with vapour-impermeable
Armaflex insulation. The frost heater and pre-filter are in the black insulated box on
the right.

The HRV draws air in from outside through the black frost heater (right), pushes it
through a foil-covered heater battery and around the house

The boiler also serves towel radiators in the shower room and bathroom, and also a
small radiator in the airing cupboard for drying clothes. These are heated in parallel
with the duct heater under common control of a room thermostat in the living room (a
Honeywell DT90).
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There are two reasons for using radiators in parallel. First, as a highly-glazed house,
Larch House has a design peak heating load a little higher than can be met through
the ventilation air alone, so a supplement is needed. (Even though it meets the
15kWh/mtly Passivhaus target.)

Second, the air heater s output is less than 1kW while the minimum output of the
boiler is 6kW. This means there is a risk of the boiler overheating, and including the
radiators in the circuit provides sufficient thermal mass to limit any temperature rise.

The project team checked the rise in temperature and it found that the boiler flow
temperature rises steadily until the boiler ceases firing at 5 C above the boiler flow set
point, and then cools again as the pump continues to run. The boiler cycles on this
basis while there is demand for heating and there has been no sign of the boiler
temperature rising too fast or the boiler controls locking out.

Typical running temperatures are 75 C flow (boiler set point) and 65 C return. It was
intended to run at lower temperatures but the heating coil installed was smaller than
originally specified. As the house was due to open for the Eisteddfod (a Welsh cultural
festival), and the boiler temperature could be adjusted, the m&e designer decided to
leave the system as built but to fit a larger coil (with lower water temperatures) in the
second house to compare performance.

At these water temperatures the temperatures at the coil (measured externally on the
copper pipe) were 68 C flow and 64 C return. The air temperature off coil is 44 C.
This rises slightly as the system temperature fluctuates, but has not been seen to
exceed 50 C. The slight under-capacity in the heating system is not expected to be an
issue here as there is ample capacity in the towel radiators.

With off-coil temperature of 44 C the supply air temperatures were measured as
follows:

Room Supply air °C

Living 37
Dining 38
Bed 1 35
Bed 2 33
Bed 3 33

There appeared to be significant duct heat loss, about 10 C in some cases, though
there was still no problem maintaining desired room temperatures in winter. The
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bedrooms, with longer duct runs, suffered the most heat loss and this is probably
better, since many people prefer cooler temperatures in bedrooms.

The heating is controlled using a simple room thermostat. This has an on/off button
and up/down arrows to adjust temperature, which is displayed on an LCD screen. The
hope is that this digital controller will avoid the common misinterpretation of a rotary
thermostat as a tap with the higher setting correlating to more power.

For these homes power is very limited with air distribution heating so using
constant set point (not running heating intermittently) is more important than usual.
Thermostatic radiator valves (TRVs) are fitted to radiators to limit bathroom
temperatures, as these heaters have excess capacity. The extra capacity may be
absorbed when drying towels or other clothing, but it needs to be controlled to avoid
overheating at other times.

There is no air temperature control in the duct for the heating circuit the boiler
controls limit air temperature. There is no need to interlock heating and ventilation
controls as the Focus heat recovery ventilation has no summer bypass.

Re-commissioning Larch House

The ventilation system was checked and re-commissioned by Green Building Store,
as described in more detail below.

Key findings were as follows:

1. Insect screens in the intake louvres were badly blocked (see photo below). The
constant volume fans were running noisily to compensate for the extra pressure loss.
The screens were built into the external terminals and could not be accessed for
cleaning team decided to remove them, relying instead on the easily-replaceable pre-
filter to remove fluff and insects as this filter will be changed regularly.

Built-in insect screens in the external intake terminals were hard to access and
became blocked. The project team removed them and relied on the pre-filters to
remove insects.
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2. The engineers measured flow rate and power consumption of the heat recovery
ventilation with dirty and clean filters. These showed equal flow rates and 5% increase
in power consumption with the dirty filters, demonstrating that the constant volume
fans were working effectively.

3. Overall specific fan power (of the unit as a whole including controls) was measured
at 28Wh/mi for 90mi/h (three-person average) and 0.33Wh/mi for 120mi/hr (four-
person average). This 120mi/h figure compares with Passiv Haus Institute test figure
of 0.36Wh/mi and SAP Appendix Q test figure of 0.27Wh/ mi (SAP Appendix Q is
from the UK Building Regulations, and it gives guidance on testing products used for
ventilation).

(Note 1: The Passive Haus Institute test should include the frost heater installation
and Appendix Q does not. Neither test would explicitly include the air heater (around
20Pa.

Note 2: Throughout this report ventilation flow-rate is reported in mi/hr, where 1 I/s =
3.6mi/hr and specific fan power in Wh/mi (ie W/(mi/h)) where 1 W/(l/s) = 0.28Wh/mt.)

4. The air transfer paths via door undercuts from bedrooms were too small at <Smm
giving rise to airflow speeds of >1.3 m/s. This exceeds the Passivhaus specification
as it leads to over-pressurisation of the external fabric of the room concerned, with an
impact on infiltration heat loss. The door undercuts are too small because carpets
were fitted apparently not allowed for in the design/construction.

Lime House

The HRV unit in Lime House is located in the cupboard under the landing off the
kitchen. (It was not installed under the stairs because this would make it hard to get
the ducts into the ceiling void.) The external terminals are on the garden side of the
house, and again a simple heater battery in the ductwork heats the supply air.

Ducts have to run in the first floor to get around the staircase, before rising in the
airing cupboard to serve bedrooms and bathroom via a lowered ceiling void, as in
Larch house. The schematic for Lime House is shown below.

Building Performance Evaluation, Domestic Buildings Final Report Page



FINAL 20" September 2011

The HRV system in Lime House draws air out of the kitchen and bathrooms and
supplies fresh air to the bedrooms and living room. Extract ductwork is shown green,
and air supply ductwork is shown blue.

The photo below shows the HRV installation in Lime House. The frost heater is on the
right, with silver ducting on the left covering silencers on supply and extract, and the
heater battery is suspended from the ceiling. The thermostat controlling the frost
heater is on the wall on the left, with the main HRV controls on the right. There are
boost ventilation controls in the kitchen and outside the bathroom. These switch the
HRV to the highest flow-rate for 15 minutes.
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Incoming air enters the HRV from the back wall, towards the top, via the frost heater
to the right. It passes through the heat-exchanger in the HRV, and then on through the
heater battery at the top near the ceiling. Then it circulates around the house, to
return as extract air through the vertical duct towards the back. Finally extract air
passes once more through the HRV unit to leave the house through the lower duct in
the back wall.

Lime House was certified as passive house on the 10W/mt/y criterion rather than
15kWh/m/y. This means it can be heated solely via the ventilation air, and BRE
decided that only air-side heating should be used. To avoid the mismatch between
boiler output and air heater power some sort of thermal store was required, and past
experience suggested that standard thermal stores tend to be poor at using solar
thermal energy.

(It is best to distinguish standard thermal stores from hot water cylinders that contain
hot water used for taps. There are problems with controlling top-up heating from a
boiler in conjunction with solar water heating. Standard thermal stores are also usually
run significantly hotter than domestic hot water temperature as hot water is heated on
demand via a heat exchanger coil in the store. Both of these reduce the efficiency of
the solar thermal installation, increasing cylinder heat loss.)
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Noting that the air heater battery uses copper tube (not steel as in radiators), the
engineers decided to use the domestic hot water directly in the air heater. This means
the hot water cylinder can be operated in the usual way, with stratification: the water in
the cylinder forming layers of different temperature, with hot water at the top. This
optimises the solar thermal performance. A twin coil cylinder is used, with upper coil
heated by the boiler and lower coil by the solar panel, see schematic below.
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The 210-litre hot water cylinder is at the heart of Lime House’s space and water
heating. This stores hot water from the solar water heater on the roof, provides hot
water for taps, and hot water for the heating coil in the ventilation system.

(There were some late changes compared to this drawing, and ultimately the solar
thermal was changed from a drainback system to pressurised, and the mixing valve
was omitted from the hot water cylinder.)

The coil temperatures in the cylinder proved critical, as 100% air heating has to come
from water at standard domestic hot water storage temperatures of around 55 C. A
larger capacity heater battery was fitted and this provides air at 49 C for water flow
and return temperatures at the heater of 53 C/46 C and a cylinder set point of 55 C.

As with Larch House, heating controls are a room thermostat with an on/off button.
Boiler controls are fitted but set to continuous hot water, with cylinder temperature
controlled using a temperature sensor connected to the boiler. A standard high limit
thermostat is included on the power supply to a two-port valve, and the boiler controls
the valve to permit run-on as required.

In initial commissioning the airflow was set by Green Building Store to sensible levels
for ventilation, putting 60% of the air into the bedrooms and 40% into the living room.
Most of the extract is downstairs so some of the ventilation air from bedrooms is
drawn through downstairs rooms, providing more fresh air when bedrooms are
unoccupied.
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Although this is a good arrangement for fresh air supply, it proved less good for
heating: during the first winter of operation room temperatures were typically 2 C
higher upstairs than downstairs, so the ventilation was re-adjusted to provide 60%
downstairs and 40% upstairs. This meant the living room terminal had to be set to
maximum opening.

This issue seems to be an unavoidable aspect of air-heating the engineers are
interested to see how it works out in practice when the house is occupied and internal
gains are added to the mix. For future designs using air-side heating, we recommend
very careful consideration of the heating supply from the ventilation based on:

ventilation rates

duct heat losses

room heat losses

desired room temperatures

relative humidity levels of the air, and

the buoyancy driven circulation between floors.
It will not be simple.

With an off-coil temperature of 49 C, supply air temperatures were measured at the
terminals as shown below.

Room Supply air °C Airflow m3/hr Power W
Living 45 48 400
Bed 1 39 25 160
Bed 2 38 16 100

(Power is evaluated assuming a room temperature of 20 C.) This indicates a
significantly higher heating input downstairs than upstairs, which will hopefully redress
the temperature imbalance experienced previously, when the total heat input upstairs
was around 10% more than downstairs.

Again the ventilation system was examined and re-commissioned by Green Building
store as detailed below. Findings were essentially the same as for Larch House. One
issue found with the constant volume fans used is that they do not go down to very
low flow volumes, with a minimum around 70mi/hr (19 I/s). Here the fan speeds were
set at 90mi/hr for Speed 1 and 120mi/hr for Speed. This implies that for three-person
occupancy Speed 1 would be the usual operating mode, while four-person occupancy
would use Speed 2.

Flow rates were also checked with heating both on and off. This made no significant
difference.
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Filters were noticeably cleaner than in Larch House building work in progress on an
adjacent site across the road may have dirtied the Larch House filters. Filters will be

monitored throughout the Phase 2 study to see whether orientation and the prevailing
wind affect dirt in the filters. (Larch intake and extract face North, Lime s face South.)

Hot water and solar thermal

Both houses use a Filsol solar thermal collector, specified as Filsol is the only Welsh
manufacturer of solar collectors. Larch House has a total of 4mt and Lime House
3.3mt, to suit the size and expected occupancy of the houses. The hot water cylinders
are un-vented copper cylinders specified with higher than normal levels of insulation:
100mm thick. This required a basic cylinder diameter of 400mm to give 600mm
overall to fit in the airing cupboards. The capacity in both cases is approx 200 litres.

Hot water distribution is via microbore pipework, a method of minimising draw-off
deadlegs. So basins, sinks and showers are fed with individual 10mm plastic
pipework, which using an unvented system can provide around 7-8 I/m over distances
of up to 10m.

As per the Code for Sustainable Homes (CSH), flow-rates are limited by restrictors,
and the pipework diameter has not reduced flows below those specified. Wait for hot
water is minimal, only a few seconds. The bath uses 15mm pipework to fill the bath
faster, considering that waiting for hot water in the bath is not important.

Note that CSH Levels 5 and 6 were to be met using water efficiency measures only
the design team decided that rainwater collection does not make sense in an area
with surplus water. Concentrating on minimising water use also cuts the use of
energy for hot water by far the largest energy consumption in water systems.

The Larch House solar thermal system was designed to use a pressurised system
whereas the designers wanted to use a drain-back system in Lime House to compare
operation and reliability of the different approaches. However, the installers felt there
was not room for a drainback tank in the airing cupboard and fitted it in the loft of Lime
House. This is inaccessible and not frost-free, so it is not a viable location and the
installer converted it to a pressurised system as for Larch House.

The systems have not always worked well and a solar specialist, Llanisolar was
commissioned to examine the systems. Their findings are covered below.

Llanisolar s principal finding was that the switch from drain-back to pressurised
system in Lime house was not carried out with the correct pump station. This led to
heat loss from the cylinder to panels, which cannot happen with a drain-back system
but in a pressurised one a non-return valve is needed to prevent this. The
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modifications seemed to be on the initiative of the installer and the correct type of
pump station and expansion vessel has now been installed, however when monitoring
equipment was installed in October 2011 the system had lost pressure and the pump
was unable to circulate fluid.

The Llanisolar report also found that the return temperature sensors were not fitted
correctly these are needed for kWh monitoring only so do not affect operation but
did lead to odd readings on the public display panels. When installing the monitoring
equipment these sensors were found to be fitted securely but to the flow pipework
instead of the return, and had to be refitted to the correct pipes in both houses.

Also at the October visit Larch House s system had ceased working, with the pump no
longer running. This has now been resolved, but the problems lay partly with
inexperienced solar water installation companies. Architect Justin Bere thinks that
greater regulation of plumbers and electricians is needed, with an independent
regulator and quality grading based on past work.

Procurement, Construction and Delivery

Although the design team signed a design and build contract, the design was fully
detailed by the design team as they and the client realised that this was the only way
to achieve Passivhaus Certification. In addition, Bere provided on-site training, and
they were paid by the Housing Association up to completion of the works.

Contractor Pendragon Design and Build was nevertheless technically answerable to
United Welsh Housing Association. The ambiguity of the arrangement caused a few
minor difficulties, such as the inability to issue instructions to rectify work that did not
comply with the specification, however the works were mostly carried out satisfactorily
due to a diligent site manager.

Timber framing was fundamental to the success of the design, and BRE Wales found
a recommended timber frame delivery partner, Holbrook Timber Frame of Brigend.
Holbrook s speciality was the design and build of Premier Inn hotels across the UK.
Holbrook s approach needed considerable development from a 140mm timber stud
frame system with little attention paid to cold bridging or air-tightness, to the very
demanding requirements of passivhaus. However Holbrook and the designers worked
closely together and came up with construction methods suitable for locally-produced
timber.

Both houses were delivered by Pendragon Design and Build, under 4-month building
contracts, with their normal supply chain and sub-contractors, with the addition of
Holbrook Timber Frame, who were sub-contracted by Pendragon.
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Tendering

Tendering was negotiated and based upon full Bills of Quantities, prepared by Richard
Whidborne, the design team quantity surveyor.

Summary of design changes

There were no significant design changes due to shortage of time to achieve the
construction deadlines. However UWHA, the housing association, changed the spec
of lavatories from the wall-hung units specified to floor mounted units that their
maintenance team were familiar with. However this resulted in cutting of the bathroom
floor covings deemed by the architect as unsightly .

Holbrook Timber Frame changed the airtightness detail around the support detail for
the first floor joists of the second frame that they built, for the Lime House. This was
only found after the building failed its first air test. A compromise solution was
proposed by Holbrook and agreed with UWHA, but this resulted in a poorer air test
result than the Larch House, although still a pass and still dramatically better than UK
building regulations.

Routing of ducts up through cylinder cupboard also meant a smaller hot water tank
was used to gain space: a 210 litre cylinder was used instead of the planned 250 litre
tank, which brought the cylinder diameter down to 600mm.

Problems encountered on site

There were very few significant problems encountered on site, apart from the
installation of the external lime render on the second (Lime) house. The application of
the render proved to be weather-dependent. It was applied in sub-optimal weather
conditions in the Autumn. When cracking occurred over the winter, the cracks were
repaired with incorrect products and the building was eventually painted to achieve a
satisfactory appearance.

Regarding building services, there were small problems in Larch House, where the
duct heater supplied was under-powered, but in order to meet the programme it was
retained and a towel radiator compensated and provided extra heating. There was
also some confusion about the duct terminals, with duct routes needing adjustment
through the slate wall. Initially, the external ventilation ducts were poorly insulated too,
but this has now been improved.
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In Lime House, the duct routes were not coordinated into the design of the floor. This
was resolved on site by inserting extra bends and junctions which may have
marginally increased fan energy by adding to pressure drops.

More seriously, the heat recovery ventilation unit for Lime House was supplied with
the wrong handing for installation (i.e. with connections on the wrong side), and
installed as such. It had to be changed.

The drainback solar thermal was also installed in the cold loft, not in the cylinder
cupboard as specified. The installer claimed it would not fit in the cupboard so they
converted to a pressurised system, but without the correct components. Eventually a
new pump station and expansion vessel had to be fitted.

Both houses also had some difficulty getting anyone to insulate pipes properly.

SAP Assessment and Code for Sustainable Homes

Both houses achieved very good SAP Ratings: Lime House was A-rated, with a SAP
Rating of 97, and estimated annual energy consumption of -14kWh/m?, while Larch
House achieved an even more impressive SAP Rating of 112, with estimated annual
energy consumption of -52kWh/m? (!).

On the Code for Sustainable Homes, Larch House achieved Code Level 6 - the first
Passivhaus to do so.

Lime House was intended to be Level 5, but it appears that somewhere between the
solar installer, the M&E consultant, Bere Architects and the SAP-Code assessor, a
1.89kWp PV system was installed instead of a 2.0kWp. It is unclear how this
happened. This brought the assessment to 99.1% improvement instead of 100%, and
as a result the house’s final assessment was Level 4. The housing association was
not prepared to pay for the system to be upgraded. Bere Architects claim that Lime
House would have reached Code 5 if the house had been assessed under SAP 2009.

Handover

When the house was complete and handed over to United Welsh Housing
Association, the architects provided a user guide with information about how to
manage the building. The Housing Association is satisfied with the handover process
and reportedly finds the user manual inside the utility rooms easy to understand and
very useful.

Bere also held a Soft Landings event to explain how to get the most from the
building.
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The Soft Landings event included a demonstration of the HRV (above), and how to
change the filter (below), and it was filmed by Splash TV
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Ideally, of course, the tenants of the homes would have participated in this handover
process, but this was not possible because the United Welsh Housing Association
was not handed over the homes until after 18 months of tours and events organised
and presented by Blanau Gwent Council and the BRE Wales. However the tenants
moved into the homes in an event held at the start of the Phase 2 monitoring project.
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Simple User Guides were produced for both homes to show tenants how to use their

homes effectively
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Conclusions and key findings for this section

1. There is a tension in setting the air change rate in mechanical ventilation between
air quality and over-dry air. Higher air volumes improve air quality, but may also lead
to over dry air in winter (as well as, inevitably, higher fan and heating energy use).

2. The intake meshes for the HRV were visibly dirty after six months use, and needed
to be removed.

3. Fine F8 filters raise fan energy needed in homes with HRV.

4. Designers should not assume that solar thermal systems will be installed as
designed, and should check functioning on site post-completion.

5. Better training and certification is required in the UK to ensure that all approved
contractors can be trusted to install systems competently.

6. Balancing the heating is more difficult in a passive house using air-side heating,
since heat is normally provided along with fresh air. There is a conflict in trying to
provide higher living room temperature along with more fresh air in the bedroom.

Conclusions and key findings for other projects

1. SAP and PHPP give very different estimates of heat loss, infiltration and energy
use. PHPP is probably better suited to low energy homes, and especially
passivhauses.

2. Be very careful to select designers and contractors with sufficient experience of
passivhaus work. Site work requires meticulous detailing and execution, and greater
site supervision than usual.

3. M&E design costs can be higher for passivhaus work than conventional homes.

4. Avoid late changes to design wherever possible, and where changes are
unavoidable, consider how they affect related aspects of the design.

5. Contractors wishing to work on passivhaus projects must accept that greater
management and supervision of operatives is needed to meet the demanding
standards of airtightness and insulation. These projects usually demand more
paperwork and photos to document work too.

6. Designers should try to reduce the risk of errors by careful specification of staged
air tests.
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7. Designers should also reduce conflict on site by requiring the contractor to provide
a detailed programme at tender stage showing how staged air tests fit within the
programme.

8. Bere concluded that it would be more economical and therefore better suited to
models of social housing delivery to build terraced passive houses than detached
homes like these.

9. The project team also concluded that it is significantly more expensive to design
passive houses to meet the peak heating load for extreme 10-year worst-case
external temperatures. For Larch House it cost 22% more than a typical social
housing home.

10. The team recommends instead designing for average external temperatures,
accepting that extra heating will be needed for the rare occasions when there are
extreme cold temperatures. (This would raise energy use and CO, when the extra
heating is used, but the impact is probably small compared to the savings achieved
from passive house designs overall.)

11. It is essential to provide a straightforward manual for occupants especially when
installed ventilation and heating systems diverge from traditional UK systems.
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3 Fabric and services testing

Technology Strategy Board | This section should provide a summary of the fabric and services
guidance on section testing undertaken as part of _the m_andatory elements of the BPE
) programme, plus any other discretionary elements that have

requirements: been undertaken.

Ensure that information on u-value measurements;
thermography, air-tightness, any testing on party wall bypasses
and any co-heating tests are covered.

Give an overview of the testing process including conditions for
the test any deviations in testing methodology and any measures
taken to address deficiencies. Confirm whether any deviations
highlighted have been rectified.

As some tests (particularly the thermographic survey) are
essentially qualitative it is important that the interpretation is
informed by knowledge of the construction of the elements being
looked at.

Complete this section with conclusions and recommendations for
future projects.

Overview

The project team followed the TSB protocols for fabric and services testing. The
Building Performance Evaluation team carried out:

- a thermographic survey

- a heat flux study

- an air tightness test

- a co-heating test, and

- services tests.

Taken together, these tests built up a consistent and positive story about the way the
house was constructed. The building fabric has exceptionally low heat loss, and the
services are performing as expected.

Thermographic Survey

Bere Architects carried out thermographic surveys of both homes on the 14™ February
2011. They followed the BS standard for such studies. The houses were measured at
25 Cinternally (much warmer than usual it was during the co-heating test), while it
was 3-5 C outside: a healthy temperature difference.
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Larch House
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There is minimal heat loss through the walls of Larch House — even though the house
was heated to 25 C internally

The survey showed surface temperatures for the walls as almost exactly the same as
ambient temperature, but this was at least partly due to the air gap between timber
cladding and the insulation behind. Windows had a slightly higher surface
temperature 3 C showing that even triple glazing does not completely prevent
heat loss through glass. (Some caution is needed when comparing surface
temperatures of glass and timber because of different reflectivities and absorption of
moisture.)

The photos reveal a cold bridge at the plinth, below the timber cladding, although the
bridge may appear more pronounced than in reality because the timber cladding
conceals the true wall temperatures.

The south and east walls are slightly warmer than the north and west ones — because
of partial warming by the diffuse sun.

The study showed that the edges of windows (the reveals) have almost unavoidable
heat loss caused by thermal bridging. Even here, though, the surface temperature
was only two or three degrees above ambient temperature.
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There were problems with air tightness of Larch House’s front door after it was
damaged on site, and even after a ‘Plano’ insert was used below the door, further
adjustment is still needed to pull the door against its seals

Lime House

Lime House revealed a similar story, with even surface temperatures on the walls,
and the only weak links the windows, door and plinth. Despite the cold roof
construction (with insulation laid between/on joists), there is no significant difference in
temperature between the wall of the loft and the heated part of the house on the gable
end.

In Lime House too, the windows and plinth had higher surface temperatures than the
walls —a 3 or 4 C difference

The images below suggest that the thermal bridge at the plinth may be less significant
in Lime House than Larch House, although this could be an artefact of the timber
cladding on Larch House, which exaggerates the contrast.
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The south side (right) of Lime House is 1.2 C warmer than the west side (left) too,
once again the effect of diffuse sunlight even on a cloudy day

Because of suspicions about flaws in the loft insulation, Bere took more
thermographic photos inside Lime House (below). These found faults in the solar
water heating pipework, and suggested that the loft insulation had been moved when
the solar heating was installed, and this left some parts of the ceilings less well
insulated than others, with a 2 C difference in surface temperature across the ceiling
in one room.

Examining the loft indicated that lagging had been moved to accommodate plumbing
for the solar water heating

Building Performance Evaluation, Domestic Buildings Final Report Page



FINAL 20" September 2011

Bere concluded that it might have helped to use Warmcell (loose recycled cellulose)
insulation, or a pipe sleeve through the insulation, to make it easier to install the solar
water heating without disrupting the insulation. Alternatively, they could have installed
the solar water heating first, and then insulated the loft.

Hot water pipework

As well as the thermal bridge analysis reported above, Bere Architects took thermal
images of the pipework in the bathroom cupboard of Lime House. They suspected a
problem because the temperature fell about 1°C in the bedroom when the door to the
bathroom was closed, indicating that the heat lost through the pipes is raising the
temperature upstairs.

The contractor had not followed the specification of long, single-stemmed pipe
brackets in order to enable pipework to be properly insulated. As this was a design
and build contract, Bere were unable to insist on corrections. The problems were
uncovered by thermal images showing high heat loss from the airing cupboard
pipework in both houses (see Lime House photo below). This indicated that better-
fitting pipe insulation was needed.

There are high losses around pipework to the hot water cylinder and the expansion
vessel, with surface temperatures over 37 C
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