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Industry News

Month/June
£8 million injected into building evaluations
The Technology Strategy Board is investing £8 million over four years into performance
evaluations of domestic and non-domestic buildings
The government has made
£8 million available to
understand the key factors
that influence the in-use
performance of new and
refurbished buildings.
The fully-funded research
programme is the first major
attempt at building
performance evaluation
since the PROBE project
ended 10 years ago.
The Technology Strategy
Board (TSB) launched the
programme on 10 May. The
first expressions of interest
were submitted on 10 June.
The funding is evenly
split between domestic and
non-domestic building
sectors, with £4 million
being made available to each.
TSB will be funding
studies of domestic buildings
over two phases, phase 1
covering post-construction
and early occupation, and

Download the TSB’s evaluation brief at
www.innovateuk.org/content/competition/b
uilding-performance-evaluation-.ashx

phase 2 covering a period of
up to two years’ occupation.
Similarly, there will be
two categories of study for
non-domestic buildings, one
for buildings under
construction, and one for
those in use and no more

than three years old.
“A key challenge is to
ensure that building designs
lead to physical buildings that
perform as intended,” said
TSB programme manager
Kerry Mashford.
Suitable case study
buildings include retail,
commercial, leisure and
healthcare. Alternatively, a
building project may provide
insights into the performance
of particular procurement
routes or design strategies.
TSB is welcoming
applications from the demand
and supply sides, such as
developers, designers,
construction companies
property managers and/or
occupiers. “Applicants should
have some responsibility for
the performance of the
building they wish to study,”
said Mashford.
Suitable case study

Construction output dips further into recession
Overall construction activity in
the UK contracted for the seventh
consecutive quarter in the first
quarter of 2010.
The latest Construction Trade
Survey published in May showed
that enquiries remain subdued
and order books are depressed.
The pressure on raw materials
prices is continuing to
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strengthen.
Twenty five per cent of
construction product manufacturers
and suppliers saw a fall in sales
compared with a year earlier. Fifty
per cent of firms expect sales to
decline in the second quarter of
2010, slightly more than the 45
per cent that expect to see an
improvement.

“Manufacturers and suppliers
need clarity about public sector
spending programmes going
forward,” said Construction
Products Association Chief
Executive, Michael Ankers.
“Without this, future investment
decisions by companies in the
industry will inevitably be put on
hold.”

buildings will be either
nearing completion (within
nine months of the
application) or newly
occupied (no more than
three years post completion).
Buildings will be eligible
for funding provided their inuse performance can be
evaluated for a minimum of
two years within the period
of the programme.
The research will be
carried out by a team of
building performance
evaluators registered with the
Zero Carbon Hub.
Applicants will have the
opportunity to select an
evaluator from the register.
The evaluators will assist
clients and building teams to
determine how their
buildings perform and why,
and also help build capacity
and skills through mentoring
on the evaluation techniques.
To keep the research
findings consistent and
comparable, research teams
will be required to use
agreed methods of diagnosis,
energy analysis, and occupant
surveys.
Funding will be allocated
in tranches over two years.
The second tranche of the
programme will close on 9
September 2010. Future
deadline dates will be posted
on www.innovateuk.org
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www.berr.gov.uk/assets/biscore/business-sectors/docs/10-671-construction-igt-emerging-findings.pdf

Photograph: Chris Guy/Pixelhut

Left: Four central government buildings
studied for the Energy Efficient Whitehall
programme have shown significant savings as
a result of efforts by their facilities contractors
to reduce energy waste. The headquarters
buildings for the Departments for Business
Innovation and Skills (BIS), Communities and
Local Government (GLG, Eland House,
pictured), Energy and Climate Change, (DECC)
and the Foreign and Commonwealth Office
(FCO) have seen their electricity use fall by
13%, 6%, 9% and 6% respectively. Gas or
heat use has also fallen rapidly at BIS, while
CLG has benefitted from a 15% reduction in
consumption. This fall is despite all four
buildings making more intensive use of space
through higher occupancy levels and longer
operating hours.

Call on construction to re-invent itself
A “quantum change”
is needed in the construction
industry if the commitments of
the Climate Change Act are to
be met.
So says an Innovation &
Growth Team (IGT), drawn from
the construction industry and
Government in its report Low
Carbon Construction: Emerging
Findings1.
The IGT argues that the UK
Low Carbon Transition Plan is
“virtually a business plan for
construction” for the next 40
years.
The group was charged by
former Secretary of State for
Business Innovation and Skills,

Lord Mandelson, to consider
how the UK construction
industry can rise to the
challenge of the low carbon
agenda.
Among its findings, the IGT
argues for reform of the
structure and practice of the
industry. Particular criticism is
leveled at the lack of
collaborative integration of the
supply chain, the “silo-based
habits” of the industry’s
institutions, the gap between
the design criteria of buildings
in use and their performance on
completion, and the invisibility
of energy consumption.
“If the industry and its

clients working together can
make the cost savings of 10-30
per cent,” says the report, “net
zero carbon buildings [can be
delivered] for the same price or
less than buildings conforming
only to current Building
Regulations.”
The IGT’s single
recommendation is for
Government to commission a
“suitably qualified”
programme manager to
prepare a detailed execution
plan for the physical work
assumed in the UK Low Carbon
Transition Plan, steered by the
IGT with adequate access to all
Government stakeholders.

30 SECOND NEWS
Plans to install a 130 m-high
wind turbine on the Olympic
park site in Stratford, east
London have been
abandoned. The Olympic
Delivery Authority (ODA) cited
“limited commercial interest”
A BREEAM assessment scheme
has been developed for
datacentres. More details on
www.breeam.org/datacentres
BSRIA is supporting the H&V
News conference: Combating
Legionella 2010. A 25 per
cent delegate discount is
available to BSRIA members.
Quote END-RCBSRIA when
registering at www.
combatinglegionella.co.uk
CIBSE President Rob Manning
CEng FCIBSE says teamwork is
vital to ensure delivery of low
energy buildings. The
Presidential Address 2010 can
be downloaded from
www.cibse.org/content/
documents/about/CIBSE
Presidential Address2010.pdf
Consultant hurleypalmerflatt
has opened an office in
Sydney, Australia

SBEM 2010 is the program’s fourth protocol
An enhanced version of the
software tool SBEM
(Simplified Building Energy
Model) has been launched by
the BRE.
The tool, which calculates
the energy usage and carbon
emissions for all nondomestic buildings, is
designed to enable designers,
developers and suppliers to
demonstrate compliance with
the revised Part L of the

Building Regulations. The
revisions take effect from
October 2010 in England and
Wales.
The fourth version of the
revised SBEM implements a
number of technical
enhancements to the
calculation procedures. It also
generates the Target Emission
Rate (TER) according to the
new 2010 methodology.
SBEM 2010 comes with

documentation produced by
the BRE for Communities
and Local Government
(CLG). The guidance can be
obtained from www.2010
ncm.bre.co.uk.
The BRE is hosting a
conference on 14 July at
which CLG will explain the
changes to Part L and the
new software at BRE in
Watford. See www.bre.
co.uk/partl2010 for details.

Clare Sinclair has joined BSRIA
as the organisation’s
knowledge and information
manager
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Government Update/James Parker

Con-Dem nation?
It knows it’s going to be unpopular, what with massive
cuts in public expenditure coming, but what does the
coalition mean for construction, James Parker wonders
So the excitement of the election is over,

the rosettes have been binned and the
TV debates filed in the archives. By the
time you read this David Cameron, the
first Conservative Prime Minister in
more than a decade and first leader of a
UK coalition government since the
Second World War, will be fully settled
into Number 10 with new political best
friend Nick Clegg.
With the red gone from government,
we are now run by the blues and the
yellows. As every school kid knows, mix
blue and yellow and you get green –
will that happen here?
The day after his first Cabinet
meeting, David Cameron announced
that carbon emissions from central
government will be cut by 10 per cent
in the next 12 months. “The public will
be involved...because we’re going to
publish the energy use of government
headquarters in real-time so people can
hold us to account for our performance,”
he promised. “If we do this, we’ll cut
the Government’s energy bills by
hundreds of millions of pounds.”
The coalition parties are in broad
agreement over the environment. Both
want to establish what they call a low
carbon and eco-friendly economy. This
is naturally an area that will interest the
construction industry. On the other
hand, companies looking forward to

more airport construction work will be
disappointed, as the Heathrow expansion
has been cancelled and new runways at
Gatwick and Stanstead likely to be
refused. That leaves the high-speed rail
network and nuclear power as the
surviving major areas of investment,
although nuclear is where the blues and
yellows could start to see red.
The coalition swiftly dispatched
Home Information Packs, but energy
performance certificates will remain.
There will also be measures to promote
green spaces and wildlife corridors, so
future planning guidance may be an
interesting read. Thus far there has been
no mention of Labour’s zero carbon
buildings deadlines of 2016 and 2018.
What will the new government have
in store for construction programmes
such as Building Schools for the Future?
Well early indications are that all
schools projects not at preferred bidder
stage will be halted, but we’ll have to
wait until the emergency budget and
departmental spending reviews in
September for a clearer view on the
government’s building programme. A
sure bet is that more construction
projects will be cancelled or postponed
to help reduce the £163 billion deficit.
Will the coalition look to private
money to help fill the order book? If so
less tax and spend, and far more PFI...

As every school kid knows, mix blue and yellow and you
get green – will that happen here?
JAMES PARKER
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Pooled resource
Ground-coupled ventilation has gone a step further in
Australia. Roderic Bunn examines a Melbourne school
where supply air will be drawn through water-filled
foundations, quadrupling the passive cooling capacity

EDUCATING AUSTRALIA
The Building Education Revolution (BER) is
a national AUS $16.2 bn (£8 bn)
programme designed to deliver 24 000
new libraries, halls, classrooms and
science and language laboratories in
Australia’s 9500 schools. The investment
is regarded as recession-busting
construction work, an element of the AUS
$42 bn economic stimulus package
introduced by the Labour Government of
Kevin Rudd.
There is widespread criticism of the
BER in the national press, including claims
of inflexibility, inflated prices and site
management fees by contractors of
between 12.5 and 16.5 per cent. Many of
the complaints have originated in New
South Wales (the State for Sydney) where
the state government set up a team of
auditors to keep track of projects.

8 DELTA T MAGAZINE JUNE 2010

Australia is a continent of extremes. In
summer, temperatures can soar into the
mid-forties celsius, but even for a
coastal city like Melbourne, hail and
snow in winter is not unknown.
These characteristics don’t make life
easy for designers trying passive solar
design. Full air-conditioning is the
norm and given that electricity in
Australia is 95 percent generated by
dirty brown coal, low carbon design is
rather a challenge.
In the Broadmeadows district of
Melbourne, a new primary school is
under construction that takes groundcoupled ventilation to a new level. A
gaggle of school buildings that make up
the Meadows Primary School are being
constructed over foundation beams
created by sealed water tanks.
Ventilation pipes traverse the water
tanks, carrying supply air drawn from
outside.
Supply air will be induced through
the pipework, into the occupied space
via displacement grilles, and out of the
building by wind-assisted thermo-

siphoning. Even at 40°C external
ambient, the cooling effect of the tanks
is predicted to reduce incoming supply
air to 15°C - the average annual
temperature of the clay substrate.
So how is it being done? More
importantly, will it work?

Project background
Meadows Primary School is part of a
major Australian schools rebuilding
programme, the AUS $16 bn Building
Education Revolution (BER). The BER
is similar to the UK’s Building Schools
for the Future initiative (see box).
The State of Victoria is investing
AUS $1.9 bn into the Victorian Schools
Plan, a programme that will take
approximately four years to complete.
As usual with schools, money is tight,
on-site premises management expertise
is often lacking, and physical resources
are precious - especially water.
The Meadows Primary School
comprises a number of single-storey
timber-framed buildings of 3477 m2
(gross floor area) housing classrooms,

Meadows_WMI article2 dec.qxd 15/06/2010 08:56 Page 3

Model project/Roderic Bunn

Above: The school’s plan is formed by combining
modules whose cross-sectional shape induces airflow.
The long walls of the gymnasium will be formed by a
dual skin of translucent corrugated fibreglass sheet.
This aims to give even natural lighting during the
day and allow heat harvesting or rejection by flap
controls.

adminstration offices, staff areas, a
kitchen and a large sports hall.
Construction is due to be complete by
November 2010.
The basic layout involves seven
buildings constructed on 17 m2 modules
arranged around a central courtyard.
The project’s sustainability credentials
include timber-framing, high levels of
fabric insulation and various forms of
active on-site energy generation, such as
a 6200 kWh per annum wind turbine
and 15 900 kWh per annum from
photovoltaics.
All this is overshadowed by the
school’s most innovative engineering:
the integrated structural water storage
and ventilation system. This involves the
concrete raft foundations sitting on
water filled trenches in which are run
the school’s air supply ducts.
Each trench is around 1 m deep. In
total the tanks are storing around
600 000 litres of water. The tanks are
filled with load-bearing, clip-together
void formers made from recycled
plastics. These can carry 11 tonne/m2
which enables the structural loads to be
shared between the tanks (and the soil
inbetween) rather than through more
substantial concrete footings.
It is estimated by the architects that
the load bearing tanks saved over 300 m3
of concrete in comparison to a more
conventional approach. Although some
concrete piles have been sunk to take
some of the main room loads, only four
internal columns per classroom module
are required.
Each tank contains a single 300 mm

diameter plastic air duct that enters
from a header at one end of the tank.
The duct runs down the centre of each
trench, with load-bearing crates
stacked either side, then loops back on
itself. Holes cut in the top of the duct
allow spigots to be heat welded in
place.
The spigots penetrate above the slab
to serve as air supply points. The tanks
themselves are encapsulated by plastic
liner, heat-welded and pressure tested to
ensure water tightness. Ventilation air is
drawn through tubes in the underfloor
tanks to be discharged through channel
recesses in the floors.
The air is tempered by the water

tanks to provide cooling in summer and
to raise the temperature of external air
in winter. The logic behind the waterbased ground-coupled ventilation is
based on ground temperature, at 2 m
depth, holding at a near constant 15°C
all year round.
“The thermal capacity of water is
over twice that of clay soil and three
times that of concrete,” said project
architect Neville Cowland of Now
Architecture. “That’s where we started.
1000 litres per 10 m2 will give us
enough heat exchange to provide supply
air at 15°C in summer.”
The water storage is claimed to
provide a four-fold increase in heat

N

Early learning centre
Learning centre 1

High level
exhaust air
via roof
ventilators

Administration

Learning
resource
centre

Water tanks
Music
Learning
centre 2

Gym

Ventilation ducts
Ridge ventilators
Roof skylights for
night purge only

Learning
centre 3
Outside fresh air
intake at inlet pipes

Venturi type
roof ventilators

Above: The plan form of Meadows Primary School showing the arrangement of water tanks beneath the
structural concrete slabs, the four structural columns per 17 m2 building module (shown in the learning centre
to the south), and the rooflights in the other modules. Note that in Australia the sun shines on the north
elevation.
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Model project/Roderic Bunn
INTEGRATED STRUCTURAL WATER STORAGE
Step 1: Dig a trench. Line it
with a liner commonly used in
Australia to create underground
water tanks. The former school
on the site used diesel
generators, and construction
work was delayed while the
site was excavated by 2 m to
remove contaminated soil.

Step 2: Clip together the loadbearing plastics crates (recycled
car bumpers) which are said to
be 98 per cent void. Install the
ductwork, locating and
supporting them in frames.

Step 3: Cut holes for supply
spigots. Inset: The spigots
themselves are heat-welded
onto collars and sealed into
position. Pressure test the
ductwork to ensure integrity
before filling the water tanks.

Step 4: Wrap up the tanks and
seal them once the ductwork
sections have been pressure
tested. Top-hat sections seal
the spigots above and below
the water line to the tank liner.
These have yet to be welded to
the liner over the ventilation
spigots, which can just be seen
straining against the nowsealed water tanks. Inset:
Architect Neville Cowland
checks the the seal of the tophat sections with the
contractor.
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transfer capacity compared with dry
ground.
The physics of all this was checked
out by running various water tank and
duct configurations through
computational fluid dynamics (CFD)
modelling. The Flovent software tool
helped the designers to determine
laminar flows and air volumes and to
optimise the balance between duct size
and length.
“Poor ventilation in schools is a
major problem in Australia,” said Judith
North of Now Architecture. “The major
objective here was to get air moving
through the school without energy
penalty.”
Outlets of 150 mm diameter will
therefore discharge tempered air to the
occupied spaces by the displacement
principal, each outlet serving around 12
m2 of floor area. Air supply will vary as
ambient external temperature increases,
air movement induced and modulated
by varying the opening of louvre
windows and skylights at high level.
Taking 35°C as an example external
ambient summer condition, the
modelling confirmed that the ventilation
system could deliver approximately 30
litres/s of tempered air from each outlet
to approximately at close to 15°C.
In heating seasons, the supply air
will be heated by a conventional
hydronic system serving finned tube
radiators located in ventilation channel
recesses run in the floor. This is
regarded as the most effective and
efficient method of heating: retaining, as
it does, the heat at low level without
loss to ventilation systems.
The heating will be zoned by using
separate small on-demand gas hot water
units to supply heat to the school
modules, with emitter capacity between

Meadows_WMI article2 dec.qxd 15/06/2010 08:56 Page 5

Model project/Roderic Bunn
Right: Cross-section of a typical classroom
module and water tank, showing the
operating condition for the summer
months. The air intakes will be from large
funnels feeding into a slightly enlarged
(375 mm) pipe. Fabric airtightness will be
crucial for ensuring that the supply air
traverses the air ducts rather than shortcircuits through intentional and unintended
gaps in the facade.

Motorised skylights
for night purge

Hot air drawn
through high
level louvres

Glazing to north
kept closed for
thermal performance

Insulated roof prevents
high heat transfer
Classroom
Hot (up to 40°C)
fresh air intake

Raft
slab
In winter, air passes radiant
heating panels in floor plenum

8-10 W/m2 depending on design load.
Each zone will be controlled by
individual thermostats and timers.
The school’s environmental systems
were run through Australia’s
environmental rating tool, Greenstar, the
Australian equivalent of BREEAM and
LEED. Meinhardt (Vic) Pty Ltd
undertook the energy modelling and
estimated the energy consumption as
per the Greenstar Education Energy
Calculator Guide.
The assessment awarded the school a
score of 14 stars out of a possible 20.
Total greenhouse gas emissions (at the
time of design) were estimated at 17 6
kgCO2/m2 per annum. Compared to
Australian norms, this equates to a
saving of 149 347 kgCO2 per annum
between the proposed building and the
prevailing Greenstar benchmark, which
is a percentage reduction of 71 5 per
cent.
For the record, the carbon dioxide
conversion factors currently applicable
in Australia are 0 45 for natural gas, 0 50
for oil, 0 8 for black coal, and 1 2 for
brown coal. Australia’s electricity is 95
per cent coal-fired.

System assessment
So will it work? The key variables are
more likely to be behavioural rather
than technical, but it’s worth looking at
the technical variables first.
At first glance the system seems
counter-intuitive. How can a passive
cooling system work in a region with
such extreme climate? Melbourne has
winter temperatures below 8°C in the
day and summer daytime temperatures
up to 44°C and little in the way of
wind. Will there be enough thermal
bouyancy for hot air to be drawn down
into tanks as enthusiastically as the

thermal model would suggest? Will the
stack effect be strong enough to drive a
thermosyphon?
Lots of questions that will only be
answered in operation, but the designers
have run the simulations and seem
satisfied that the tanks will do their job.
Of course, it largely depends on the
assumptions and boundary conditions
dialed into the CFD model.
The water tanks are justified on the
calculation that their thermal capacity
will be over twice that of clay soil and
over three times that of concrete.
“Water speeds up the [thermal
transfer] process enormously,” said
Neville Cowland. “That’s the beauty of
water: the water keeps flowing so the
energy transfer happens 24 h/day and
we keep transferring heat back into the
ground.”
One of the major differences
between ground-coupled ducts run
adjacent to a property and a
thermolabyrinth as part of a building’s
foundations is that the latter tends to
heat up over time and requires periodic

purging. Could the same effect occur
here?
“The ground will heat up,” says
Cowland “but have a big surface area,
and we understand that with 1000 litres
per 10 m2 we effectively have an infinite
source of heat.” The water in the tanks
will also form part of the water
recycling system for toilets and
irrigation. Combined inlet filter and
outlet pump pits connect to the tanks.
The next issue is simply one of
buildability and robustness of
components that, once buried under a
concrete slab, will be inaccessible.
Failure of the tanks from punctures to
the liner, or leakage into the air ducts
through joints, will be difficult if not
impossible to fix.
Fortunately, Australian builders are
well-versed in constructing underground
water storage tanks as it rains little and
infrequently. The materials and form of
construction applied at Meadows
Primary School is therefore typical fare
for most builders, and robust products
exist to do it.

Above: The Flovent computational fluid dynamics package was used to test various permutations of water tank
and pipework. Early studies involved a higher number of smaller air ducts in each duct, but these were dropped
- for heat transfer efficiency and pressure drop reasons - in favour of a single, looped, 300 mm air duct.
Interestingly, the CFD presumes a steady transfer of thermal energy from laminar flow rather than greater heat
transfer where air changes direction, as tends to be the case for Termodeck and conventional earth tubes.
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Dust/debris
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All dimensions in mm

Air cooling pipe outlets

Above: A cross-section through the trench heating system, based on four groups
of twinned copper pipes run in ventilation channel recesses.

Above: A simplified cross-section through a classroom
module showing the four internal columns sitting on
piles between the tanks. The tanks shown are an
early iteration, but the principle is close to the
as-built version.

FACTS AND FIGURES
Meadows Primary School, Broad
Meadows, Melbourne, Australia
Energy and carbon dioxide
Design greenhouse gas emissions
● 59 544 kgCO2 per annum
● 17·6 kgCO2/m2 per annum
Renewable contribution (estimated)
● Photovoltaics: 15 900 kWh per annum
● Wind turbine: 6200 kWh per annum
Cost
The architect claims that the integrated
structural water storage and ventilation
system system added very little to the
building cost.
A large part of budget for tanks would
have been required for a conventional
footing system. The heating and
ventilation system will cost far less than an
air-conditioning system. An additional two
per cent expenditure has been provided
for renewable energy generation and data
logging equipment.
The construction budget has been set at
AUS $7.57 million (AUS $2200 per m2)
including services, siteworks and fixtures.
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Above: Most of the ventilation ducts will be connected to large inlet funnels, but
one classroom requires a ventilation plenum, seen here under construction.

The clay ground conditions are stable
enough for there to be little risk of the
tanks puncturing over time. The liners
used for the tanks are said to be
guaranteed for over 20 years, even when
exposed to the deleterious effects of
sunlight. By being buried underground,
the liners should, the designers believe,
be good for 50 years.
So what about the sealing of the
ductwork components. These are
variously glued, seam welded and
pressure tested to ensure they are
watertight before the tanks are filled.
Fabric airtightness could be a
significant variable in ensuring that the
supply air does not short circuit the
water tanks. A high standard of
construction will be vital for the
incoming air to obediently follow the
coloured arrows on the cross-sectional
drawings and to behave exactly as
predicted by the CFD analysis.
Early UK experience with passive
cooling systems, such as the combination
of chilled beams and displacement
ventilation in the early 1990s, revealed
the importance of good fabric
airtightness and continuous insulation.
Without wishing to cast aspersions on
Australian build quality, the construction
industry down under is at least 10 years
behind the UK’s experience with
airtightness.
Maintenance considerations aside,
Australia’s building codes do not yet
cover fabric airtightness, a serious
omission for a country beginning to
embrace passive solar design as a way
out of its carbon dioxide crisis. and it
would be best if the construction
industry didn’t learn the hard way. To

take a simple example, the author
noticed that external swing doors are
rarely fitted with draught seals.
“Airtightness is not so much of an
issue here,” admitted Now Architecure
Judith North, “but these buildings will
be pretty airtight. We’ve specified all
window installations with foam seals.
On other areas blankets will be stuffed
in the gaps and covered by aerofoil
[insulation] to get a high level of
sealing.”
This leaves the issue of how the
building will be operated by its
occupants. Being a school there will
always be a tendency for doors to be
wedged open. This might be convenient,
but it will cause incoming air to shortcircuit the water tanks, breaking the
thermosyphon on which the school’s
ventilation system depends.
With the cooling systems invisible
to the naked eye, the school’s occupants
won’t necessarily realise the negative
effect of leaving doors and windows
open. Once the air flow through the
tanks is compromised, people may tend
to open doors more in a misguided
attempt to alleviate a rise in thermal
discomfort.
Education of the school’s occupants
and continuous awareness of how to
operate the school’s integrated waterbased thermal storage systems will
therefore be vital in maintaining
comfort conditions over the long term.
Delta T intends to return to this project
after occupation to report on the
school’s performance in use.
Roderic Bunn is a principal consultant at BSRIA,
specialising in building performance analysis.

Building Performance
Evaluation
Monitoring packages are now available from BSRIA
Instrument Solutions

•

Measurement parameters include temperature,
humidity, carbon dioxide (CO2), heat flux, light,
and electrical power

•

Traceable calibrations offered to ensure 		
compliance with documents such as the Energy
Saving Trust CE298

•	Wireless technology ensures quick and easy
installation

•	Secure data storage
BSRIA’s monitoring equipment is ideal for
long-term monitoring projects such as those
funded through the Technology Strategy
Board.

BSRIA Instrument Solutions
Old Bracknell Lane West, Bracknell, Berkshire, RG12 7AH
T: 01344 459314
E: info@bis.fm
W: www.bis.fm
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Search success
Trying to finding a needle in the proverbial haystack?
Clare Sinclair visualises how knowledge sharing of the
future might evolve into better needle-locators
Internet search engines like Google or
Yahoo are windows onto a vast (and
mostly hidden) landscape of information.
With information overload being a dayto-day challenge, it’s likely that search
engines will develop to help us more
easily find the specific information we
need, at the time we most need it.
The future of web-based search has
been enthusiastically described as
‘semantic’. Essentially, this means that
search engines won’t just deliver hitand-miss lists of web pages in response
to a search query, ranked in order of
relevance to a search term. Instead, the
search engines of the future will try to
understand the meaning of the search.
In other words, the software will start to
understand words conceptually, not just
as a cluster of letters and symbols.
This sounds pretty futuristic, but a
search engine that can discriminate
between techniques and products or
jobs, when asked to search for ‘energy
efficiency’ for example, should deliver
more accurate and personalised results.
This is a promising future for
intelligent information retrieval; but as a
library and information professional, to
me it also sounds a little familiar.
Libraries have been doing information
retrieval for centuries – although people
tend to imagine libraries and their staff
as being rather bookish, the wider scope
has always been about finding and
preserving information to enhance the

sum of human knowledge. So, format is
not everything – we started with clay
tablets and are now collecting e-books.
The Library of Congress is archiving all
Twitter posts for posterity.

Sharing information
Real-time search is another priority for
search engine companies who want to
instantly present informal comments,
blogs and tweets into search results to
provide more immediate views on
topics.
While this development presents
many challenges relating to the
reliability of content, intellectual
property and so forth, there’s a question
of how we get that information out
there in the first place. This is because
much knowledge can be described as
‘tacit’ – experiences and thoughts that
are not necessarily written down or
published, and therefore not easily
accessible by others.
In my previous role at the Royal
Institute of British Architects (RIBA), I
specialised in how architects could
contribute to – and benefit from – this
information landscape through peer-topeer networking and collaboration.
Online social and professional
networking technologies are ubiquitous
(such as Linked In, Twitter, and
Facebook), so I was interested in how
the profession was adopting these tools.
For example, the architects in

Format is not everything – we started with clay tablets
and are now collecting e-books. The Library of Congress
is archiving all Twitter posts for posterity CLARE SINCLAIR
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RIBA Knowledge Communities www.riba-knowledgecommunities.com
Architect Sue Butcher’s blog www.justpractising.com/
Studio Wikitechture http://studiowikitecture.wordpress.com/

Above: The construction press visit the opening of the refurbished Information
Centre in BSRIA, 1976, and right in 2010. The Centre may have changed over the
years, but its core focus on customers remains the same: notably a traditional
postal service for library loans, standards and journal articles.

Members to get feedback on its services,
and ideas for our information delivery in
the future.
If you are a BSRIA Member and
you’re not already asking us questions,
you’re missing out on a key Member
benefit. We offer a free enquiry service
by phone, email or online. So I
challenge you as follows – the next time
you start scratching your head at your
web search results, give us a call and see
if we can find the answer for you. If
we’ve got it (we do have over 70 000
items), you can borrow the source
material the same day.

©Jon Brouchoud

Second Life (an online 3D environment)
have fostered virtual open communities
to share ideas and designs. I believe
these complement, rather than replace,
face-to-face interaction and
communication. Also, regardless of the
hype, online networks should be viewed
as tools to support professional activities
rather than something one should feel
guilty about not using if they are not
useful or relevant to one’s professional
or personal life.
So, are building services professionals
also adapting online networking and
information technologies and integrating
them into their working day? I’d be
interested to see examples. To that end
BSRIA is launching an online survey to

BSRIA’S INFORMATION CENTRE
BSRIA’s Information Centre opened in
1954 and has been regularly refurbished
and modernised. The Centre’s look and
feel might have changed over the years,
but its core focus on customers remains
the same: notably a traditional postal
service for library loans, standards and
journal articles.
To use the Centre’s library, log into the
BSRIA Infonet and add items to your
basket. BSRIA Members can also go
online to download publications, search
the database, and order from the BSRIA
bookshop.
There is no limit to the items you can
borrow - only a limit on the amount of
information you can absorb. BSRIA
Members can also go online to download
publications, search the database, and
order from the BSRIA bookshop.
If you’d like to be reminded of your Infonet username or
password, please phone or email.

Above: Virtual information networks are being pioneered in other industries. How long before they become
the norm in the construction industry?

Telephone: 01344 465 571
Email: information@bsria.co.uk
Web: https://infonet.bsria.co.uk
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Letter
from
Dubai

Labour’s schools rebuilding programme was predicated on learning outcomes
being influenced by world-class architecture. But world class depends on
where you live. Roderic Bunn goes to Dubai for a different perspective
New government, new schools policy. It
was ever thus: incoming Education
Secretaries always promise a shake-up of
the schools sector. May 7 2010 was no
different. On its first day in power the
coalition ripped down the Communities,
Schools, and Families signage and
changed them back to the Department
for Education.
This back-to-the-future mentality
won’t stop now. Next on Michael Gove’s
to-do list will inevitably be a review of
the Building Schools for the Future
(BSF) programme. BSF has long been in
the Conservative’s cross-hairs. Gove
himself has already fired his first warning
shot, saying that school projects are
“unnecessarily expensive.”
Whether they are or not is a moot
point. What we do know is that, since
BSF’s launch in 2004, the focus has been
on “inspirational design”. This, in itself,
aimed to deliver “educational
transformation”. So where’s the evidence?
In March 2010, a Pricewaterhouse
Coopers (PWC) evaluation said that
new BSF schools provided “a more
stimulating and welcoming
environment”. The report also said that
BSF has: “a small positive effect on pupil
sentiment [and] evidence that this will

lead to improved academic performance.”
Good news then. But while PWC
says that buildings that are “appropriate
for the teaching of the curriculum will
have the most direct impact on
performance”, there’s no direct reference
to inspirational architecture. Interesting.
So what of the evidence to the
contrary? Well, one of the first schools
built through BSF, Sandon Business and
Enterprise School in Stoke-on-Trent, was
placed into special measures in October
2008. And Sheffield’s £30 million Park
on the Manor academy, opened in 2006,
was also placed in special measures in
late 2009. So, if Ofsted is any measure, a
shiny new school building is no
automatic passport to academic success.
While the effects of class size,
teacher quality and leadership models
have often been studied, there’s been
little research into the relationship
between capital resources and academic
performance. PWC says any such studies
tend to lack statistical rigour. So what
about other parts of the world where
money is being pumped into new
schools? Do they give any clues?
Despite the recession in United Arab
Emirates (UAE), millions of Dirhams are
being pumped into a schools building

The ISS International School is isolated in the vast
expanse of the desert sands, waiting for the housing
developers to catch up RODERIC BUNN
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Right: Build it and they will come: ISS
International School waiting for the
housing to follow. The pupils are bussed
in to schools here en masse.

Left: Dubai Modern High School. Although the old school building of 23
years was demolished, GEMS’ new school kept the basic layout to
retain familiarity. The school is divided into primary, secondary and
senior schools, grouped around four separate dedicated play areas like
this one. The quadrant courtyards encircle a central quadrangle, where
all pupils come together for open-air mass assemblies.

programme. There’s no state funding on
offer here. In Dubai, schools are a pure
business proposition: designed, built and
run through private finance. The demand
is so high that schools are often the first
structures to be built on the city’s ever
expanding outskirts - like the ISS
International School: isolated in the vast
expanse of the desert sand, waiting for
the housing developers to catch up.
GEMS Education is one of the
leading providers of private schools in
Dubai, designing and building schools
via partnering joint ventures with public
and private investors, and leasing out the
school management. What gets built
depends almost wholly on what parents
are prepared to pay in tuition fees.
GEMS segregates its schools designs
into three packages: Standard, midmarket, and premium. All the schools are
of middle to secondary size, and cater

for all ages of children from prekindergarten to A-level, which means
each school can be home to over 2000
pupils and staff. GEMS has built 24
secondary and middle schools catering
for British, American and Indian
nationalities.
GEMS senior programme manager
Richard Stone works on the design and
delivery team. “A typical mid-market
school would deliver around 4 m2/pupil
in terms of total floor area, with a mid
market-plus school going up to 6 - 7.5
m2/pupil,” he says. “The premium model
gives far greater flexibility with design:
bigger classrooms, more break-out
spaces, more general activity rooms and
more facilities.”
The GEMS World Academy (GWA)
is a good example of what Stone’s team
delivers: a 400 m running track, 620-seat
auditorium, planetarium, robotics studio,

Above: Tennis courts need to be cleared of desert sand every day using cleaning
machines. Microfine granules prevent the use of solar panels and photovoltaics.

an astroturf football pitch and an
Olympic-sized swimming pool. “If they
pay top dollar to send their childen to
school, these facilities are very
important,” says Stone. “It’s almost a
marketing thing to match the
expectations of the parents when they
come to this region.”
Stone agrees that there’s an
interesting debate to be had about
analysing the performance of the GEMS
schools, particularly on educational
outcomes related to facilities.
“Interestingly, some of our midmarket schools are the best performing
schools in UAE,” he says. “Around 96
percent of students get five A-Cs in
English and Maths. The 2009 GEMS
English National Curriculum results,
using the International General
Certificate of Secondary Education, were
22 percent above UK averages.”

Above: GEMS schools separate out the year groups by floor. This is a typical
example of private study areas located in circulation zones. Lights on, blinds down.
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Above: Dubai’s version of Repton School under construction. Such traditional architecture is attractive to parents.

Above: The architectural style may be somewhat
random, but there’s no denying the GEMS schools in
Dubai have the trappings of high class hotels. This is
the entrance foyer to GEMS Word Academy.

PERSONAL OBSERVATIONS
Pupils in Dubai are shepherded with great
care by the teaching and admin staff. At
Dubai Modern High School, every child has
a designated number and the teachers
move them around methodically and
systematically. Around 88 percent travel in
school buses - all 60 of them
Labour is not expensive in Dubai. Each set of
toilets at Dubai Modern High School has its
own ‘Dame Pipi’ who keep the toilets clean
and ensure good pupil behaviour
The school’s engineering systems are also
very well looked after. Three people look
after the on-site generators, and another
three look after the air-conditioning
When I entered a classroom unannounced at
Dubai Modern High, all the children got
immediately to their feet and said, in
unison and without prompting: “Good
afternoon sir.” When asked by your
correspondent whether they liked their new
school, they again answered with one voice:
“Yes sir”. When turning to leave, all the
children said “Thank you sir” and sat down.
Your stunned correspondent was left
wondering why he’s never seen such
respect and enthusiasm in UK schools
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For the premium schools, areas such
as engineering and vocational studies are
themed: performing arts, sports, music
suites, recording studios - even an IMAX
cinema at GWA. “The World Academy is
like 20 UK academies rolled into one,”
says Stone. And having seen it, I can say
he’s right. It’s pretty awesome stuff.
Awesome is not the word that
springs to mind in terms of design flair,
however. Dubai schools tend to be very
traditional in design (even a pastiche of
Repton School is being constructed out
in the desert). “It’s similar to what the
UK has moved away from,” says Stone:
“cellular construction and corridors, with
zones and floors based on year groups.”
Construction times are extremely
rapid: a two-storey academy-sized school
can be built in nine months. Putting that
into a UK context, a BSF school won’t
have got as far as preferred bidder stage.
As an UK expat engineer, Richard
Stone says that building a school in
Dubai is like “going back 30 years”. The
client appoints the consultant, which
means the client provides a design to the
contractor. Any risks or design errors fall
to the client. “That solves the problem
of the consultant saying ‘it’s a
workmanship error’ when it’s a design
error, and vice versa. The consultant does
everything from feasability to full
detailed design,” says Stone.
Most schools are fully air-conditioned
using variable-refrigerant flow systems,
not always optimally arranged. Some
schools can have a great many separate
packaged air-conditioning systems rather
than a single chiller pumping chilled

water around the site.
Energy efficiency has not been high
on the design agenda. For example,
Dubai Modern High School, catering
exclusively for Indian nationalities, is
running at just over 5 MW. Stone calls
this “a serious amount of power”, even
for a school that operates 365 days a
year, with no summer shutdown period.
That said, staff at the 21 000 m2,
1800-pupil Wellington International
School have set up a competition
between schools to monitor energy bills.
The primary years have monitors to turn
off lights and smartboards.
While all the schools have copious
amounts of daylight, it tends to come in
where the architect has chosen to put
the windows. There’s no obvious attempt
at daylight optimisation (and in any case
the electric lighting seems to be on
everywhere, all the time). As one teacher
put it: “We’re so used to it being sunny
that the one day when it’s cloudy the
school looks really dark...”
Dubai schools are going up in a part
of the world where speed of build is
paramount. There’s only a certain
amount that can be done in the time
available. As one engineer said, “if you
tried to tick every box here, you’d still
be building it. Or, being Dubai, built,
torn down and built again.”
“As long as you’re moving forward
here, you’re doing well. As soon as you
find a solution, you grab it, because if
you don’t, you’ll be six months behind
schedule immediately.”
BSRIA thanks GEMS Education for it’s help in
researching this article.

Illustrated Guide to Mechanical Cooling
www.bsria.co.uk
BSRIA’s illustrated guide gives an overview of the various
cooling systems and their purpose in maintaining comfortable
conditions in buildings. It describes the main refrigeration
systems and their application principles, the types of
refrigeration available, and the various ways in which renewable
forms of cooling energy can be used. The guide goes on to
explain the various ways in which cooling can be delivered to an
occupied space.

Illustrated Guide to Mechanical
Cooling
This publication provides some key
commissioning and maintenance guidance,
along with key design checks for each
technology described.

£50
(BSRIA Members £25)

Set of five Illustrated Guides
- save up to £110
Electrical Building Services
Mechanical Building Services
Mechanical Cooling

Topics included are:
 Overview of Mechanical Cooling Systems
 Central Systems
 Renewable Cooling Technologies
 Centralised Air Systems
 Local Systems
 Commissioning
 Maintenance and Upkeep
 Standards and Requirements

Renewable Technologies
Ventilation

£149 (£75 for BSRIA members)
Guides can also be purchased individually
BSRIA Limited
Old Bracknell Lane West, Bracknell, Berkshire RG12 7AH UK
T: +44 (0)1344 465600 F: +44 (0)1344 465626

£50 (£25 BSRIA members)

E: bsria@bsria.co.uk W: www.bsria.co.uk
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Cups, mugs, and renewables
David Bleicher provides the answers to tricky technical
questions posed by BSRIA Members. Problems solved this
month include harvested rainwater and concerns with
vending machines

NON-RETURN VALVES

Q.

Do you have any experience
with non-return valves passing water
in the wrong direction?
This is quite a common problem.
Depending on the type of non-return
valve, if there is insufficient backpressure to close off the valve, you will
get some back-flow. You could remedy
the problem by using double check
valves, or in the case of a thermostatic
mixing valve (TMV), installing an
additional non-return valve immediately
upstream of the TMV. The dead-leg
should be as short as possible to reduce
the risks associated with warm water
stagnating.

CUPS VERSUS MUGS

Q.

What is the energy consumption
difference between using mugs and
a dishwasher, as apposed to a hot
drink vending machine with
disposable cups?
Hot drinks vending machines can
consume approximately 5 kWh per day
according to research carried out by
NUS Services Limited (Reduced Energy
Guide Action Sheet 6). A domestic

dishwasher will consume 1.07 kWh per
use at 55°C and 1.44 kWh at 65°C. 1
By managing the frequency of
washes a dishwasher uses in the course
of a day (for example, once in the
evening or in the morning with a full
load of mugs) the dishwasher will be
more energy effective.
A step further with regard to
disposable cups versus mugs, taking in
to consideration the energy used to
produce them, it would take 39 uses of
a ceramic mug to break even with a
paper disposable cup and 1006 uses to
break even with a disposable foam cup. 2

HIGH VOLTAGE

Q.

Is it permissible to locate a
boiler in a high voltage intake room?
Part B; Fire Safety of England & Wales
Building Regulations is supported by
guidance. In Approved Document B,
Volume 2 relates to buildings other than
dwelling houses. This classifies both oilfilled transformer and switch rooms and
boiler rooms as places of special fire
hazard. It states that every place of
special fire hazard should be enclosed
with fire-resisting construction.
Furthermore, there is an access issue.
Those who have keys to the HV intake

The dead-leg should be as short as possible to reduce
the risks associated with warm water stagnating
DAVID BLEICHER
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Left: Asset management: Whole-life management of
physical assets by Chris Lloyd. This book considers the
competing needs for short-term efficiencies and long-term
sustainability. It gives practical advice on how these can
be resolved, keeping down costs and safeguarding
essential services. Each contribution draws on
international data and case studies of good and bad
practice, from a wide range of sectors including rail and
utilities, oil and gas, process and manufacturing
industries, public sector estate management, climate
change research and major civil engineering works..

1
2

www.carbonfootprint.com/energyconsumption.html
www.iere.org/ILEA/lcas/hocking1994.html

It is available on library loan to BSRIA members. Go to
https://infonet.bsria.co.uk/login or telephone 01344
465571.

room aren't likely to have keys to the
boiler room, and vice versa. In any case,
on matters such as these it's always best
to consult with the eventual users of the
building, the CDM co-ordinator, and the
building control authority for the
specific project.

RENEWABLE TECHNOLOGIES

Q. Can I feed harvested rainwater

into a domestic hot water system?
There is no reason you shouldn't be
able to do this. The British Standard on
this is BS 8515:2009, available from the
BSRIA library, and there's some
additional guidance in BSRIA Guide BG
1/2008 The Illustrated Guide to Renewable
Technologies which is available from the
BSRIA Bookshop as a free download to
Members, and available to purchase by
non-Members.

INTERIOR HEAT

Q.

Why do the communal areas in
my apartment block get so hot? It
was 27°C outside my apartment last
winter when it was 5°C outdoors.
This is a common problem, particularly
in new developments with good
airtightness and thermal insulation in
the external walls. Temperatures can be
even higher in summer. Heat is lost
from buildings through the walls, roof,
windows and floor and by ventilation.
Communal areas often don’t have any of
these.
To make things worse, the pipes that
take heating and hot water to
apartments usually run through the
communal areas. Heating pipes at 70°C

to 80°C and domestic hot water at 60°C
to 65°C always lose heat to the
surroundings. This means that there will
be a heat gain to the communal areas.
This heat must go somewhere, so the
temperature of the communal areas rises
until the air temperature is high enough
to lose heat to the surrounding
apartments.
To solve this problem you need to
either reduce the heat flow into, (or
increase the heat flow out of) the
communal area. In practice this means
increasing the insulation on the pipes.
BS 5422:2009 specifies the
maximum allowable heat loss from
pipes of each common diameter. There
is always going to be some heat loss
from pipes, typically 10 to 18 W/m,
even from pipes that meet this Standard.
The other way to reduce the
temperature is to introduce fresh air
ventilation. Table A1.5 in CIBSE Guide
A: Environmental Design recommends an
outdoor air supply rate of 1.3 l/s m² in
corridors.
In a recent case investigated by
BSRIA, with conditions like this the
temperature was reduced from 27°C to
23°C in winter and 32°C to 30°C in
summer just by adding the
recommended ventilation rate.
Increased ventilation can be used to
reduce the temperature further, but this
wastes energy so insulation is preferred.
Designers of heating systems can
also try to minimise the heat gain to
communal areas by keeping hot pipes
out of the areas, using control systems
that reduce the temperature when less
heating is needed, or by incorporating
ventilation.

TECHNICAL NEWS
Specification for the Demonstration of
Carbon Neutrality (BSI, PAS 2060:2010).
Sets out requirements to be met by an
entity seeking to demonstrate carbon
neutrality through the quantification,
reduction, and offsetting of greenhouse
gas emissions from a uniquely identified
subject.
Solid Biofuels - Fuel Specifications and
Classes. Part 1: General Requirements
(BSI, BS EN 14961-1:2010). Determines
the fuel quality classes and specifications
for solid biofuels.
Alarm Systems - Intrusion and Hold-up
Systems - Part 4: Warning Devices (BSI BS
EN 50131-4:2009). Includes requirements
for four types of warning devices used for
notification in intrusion and hold up
alarm systems in buildings. The four
types correspond to the security grades
given in BS EN 50131-1. Requirements are
also given for four environmental classes
covering applications in internal and
outdoor locations as specified in BS EN
50130-5.
Fans - Dimensions (BSI, BS EN ISO
13351:2009). Specifies size designations
and dimensions for the circular and
rectangular fan used for household or
similar applications.
Standards and publications are available on loan
from the BSRIA Information Centre.
If you are a BSRIA Member and need technical
assistance, contact the BSRIA Information Centre on
01344 465571.
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Training and Events/Michael Doig

Time out/June
Here is the latest information on BSRIA
training courses. The training schedule is
now complete through to late 2010. To find
out more about the courses or register, go
to www.bsria.co.uk/events.

INTRODUCTION TO COMMISSIONING
Provides detailed descriptions of the
practical procedures required for the
successful commissioning of air and
water systems.

NEW COURSE
MANAGEMENT OF THE COMMISSIONING
PROCESS

UNDERSTANDING PART L AND PART F
OF THE BUILDING REGULATIONS
Part L is upgraded more frequently than
any other part of the Building Regulations.
Revised Building Regulations and Approved
Documents were published in April 2010,
and will be enforced from October 2010.
There will be a period when project may
fall under the 2006 or the 2010 Part L
and Part F. This course will cover both
Parts in detail, including differences
between 2006 and 2010 Regulations and
Approved Documents.

Whole-life value is ultimately a function
of how well a building and its
engineering systems perform and
whether this can be sustained over the
long-term. The good news for these
project teams is that there is a process
that can fulfil this function:
commissioning management. This oneday course will explain.

NEW COURSE
PRE-COMMISSIONING CLEANING OF
PIPEWORK
This course will cover the main
principles of pre-commission cleaning.
The emphasis will be on the aims,
procedures and obstacles to successful
dynamic flushing of pipework systems,
rather than on chemical cleaning
techniques. The course will combine
lectures, practical demonstrations and
worked examples.

INTRODUCTION TO RENEWABLES
At this one day course delegates will gain
an understanding of renewable
technologies and their uses and
constraints. It will cover a wide range of
renewables, water saving, and low carbon
technologies.
LIFE CYCLE COSTING
This two-day training course is designed
to bring together the theory behind
whole-life costing and the practical
calculation of whole-life costs. Delegates
will work through example calculations
to apply the underlying theory and
become familiar with the concepts,
pitfalls and watchpoints.

DOMESTIC AIRTIGHTNESS TESTING
ACCREDITATION
This three-day course provides the
theory behind the need for testing
domestic dwellings as well as providing
practical hands-on training. The course
culminates in a three-part examination
enabling the delegate to begin the
process of BINDT registration.

MEMBERSHIP NEWS
BSRIA welcomes the following new Member
companies
Network Rail
HVC Supplies (Stourbridge) Ltd
Geothermal International Ltd
Protechnical Services Ltd
Great Ormond Street Hospital for Children
Envirotech Services UK Ltd
Lutron EA Ltd
Renson Projects
Motability Operations
Sustain Ltd
Silcock Leedham LLP
Compliance in FM
- London, 16 July 2010
General overview of legislation affecting
building operation as well as focused
presentations on important changes.
www.bsria.co.uk/goto/compliance-in-fm
Combating Legionella 2010
- 14-15 September 2010
BSRIA is pleased to support this H&V News
conference. A 25 per cent delegate discount
is available to BSRIA members; quote
END-RCBSRIA when registering.
www.combatinglegionella.co.uk

UNDERSTANDING BREEAM
A one-day course that will show how
BREEAM can help in delivering
buildings that deliver high
environmental performance, while still
performing the functions required by the
client and meeting the occupants’
expectations.
INTRODUCTION TO MECHANICAL
BUILDING SERVICES
This course will provide a broad
overview of various mechanical building
services. Topics include heating,
ventilation, air-conditioning, refrigeration,
controls, fire suppression, and renewables.
The course aims to help delegates
communicate effectively with mechanical
and electrical specialists.

The new brochure for BSRIA training courses is now
available featuring up-to-date information on the courses,
lecturers, webinars and in-company training.
For information on how to obtain a copy, please contact
Michael Doig on 01344 465532 or e-mail
michael.doig@bsria.co.uk.
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