® CEILINGTWISTOUTLETS

® VARIABLE TWISTOUTLETS

® MULTIDRALLOUTLETS

@ LINEARINDUCTIVE OUTLETS

® LINEARWHIRLOUTLETS

® SWIVELLING LONG THROW NOZZLES
® FLOORTWIST OUTLETS

@® DESKAND SEAT-BACKOUTLETS

61/67 Rectory Road, Wivenhoe, Essex CO7 9ES
Telephone: (0206 22) 7171/2/3
Telex: 987637 DESSON G

Fax: (0206 22) 6936 ENQUIRIES 34

O-L'YM-PIA
l_!

Grand Hall. Olympia
14.15. 16 November
1989

PRODUCTS

Foa2wqg
TECHNOLOGYFILE CJAIRQUALII ¥

Indoor air quality in Brussels

Paul Appleby describes a building health investigation which gives the EEC
Council of Ministers’ meetings rooms a clean bill of health, but identifies a
number of problems with the environment.

Passive smoking and draught
were identified as common
causes of complaint amongst
ambassadors and their staff in
the recently refurbished meet-
ings rooms on the 15th floor of
the Charlemagne building, the
headquarters of the Council of
Ministers of the European
Commissionin Brussels.

These problems were identi-
fied by a multi-disciplinary
team, brought together by
Brian Colquhoun and Partners
of London and now offering
building heaith audits and de-
sign advice under the name of
Building Health Consultants.

As well as indoor air quality
problems, the team found un-
even illumination, with glare
and low lighting levels in the
meeting rooms, which suffer
fromcontrastingsurface bright-
ness and a lack of decorative
embellishment.

They carried out their inves-
tigation in a number of stages:
starting with an inspection of
the rooms and plant and discus-
sions with occupants and main-
tenance personnel, followed
by the distribution of tailor-
made questionnaires and
surveys of the thermal, visual
and aural environments, and
observations of air movement,
work patterns and smoking
habits. Further targeted
surveys were carried out after
analysisof the questionnaires.

Despite there being nomi-
nally adequate rates of fresh air
drawn in to central air handling
plant for dilution of tobacco
odours in the meeting rooms,
observations indicated that the
air leaving the ceiling diffusers
was creating noticeable air
movement in the occupied zone
and tobacco smoke was tending
to travel with very little dilution
across the roominto the faces of
non-smokers. It was concluded
that this excessive air move-
ment, combined with convec-
tive and radiant cooling in win-
ter from the very large single-
glazed windows, would account
forthe draught.

The investigating team have
suggested anumber of remedial
measures at various levels of
expenditure. These include re-
ducing the air movement,
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Above: The Charlemagne building.

without reducing fresh air rate,
or, atgreater cost, replacing the
existing supply air terminals
with a system which will effec-
tively generate displacement,
or buoyancy-assisted ventila-
tion. They have also re-
commended altering the light-
ing to provide a greater spread
of illumination and reducing
both glare and thermal loads by
providing a part-glazed outer
skin for the existing near fully
glazed window wall.

The | 5th-floorservices
The Charlemagne building has
large areas of single glazing,
mostly openable, and a narrow
plan floor which is too deep for
satisfactory penetration of day-
light. It was not designed to be
air conditioned and most of the
building is still naturally venti-
lated and heated by radiators.

The 15th floor has been
adapted for meetings of the
Council of Ministers. There are
three large rooms, with seating
for 80to 100 people atinner and
outer tables, and a smaller 60-
seat room which is used inter-
mittently. The larger meeting
rooms are bordered by inter-
preters’ cabinstothreesides.

The original 15th-floor en-
vironmental services were re-
placed in 1985, except for sup-
ply air distribution ductwork
above the false ceilings in the
rooms and the circular diffusers
whichitfeeds.

The rooms and their inter-
preters’ cabins are now fully air
conditioned, each room being
supplied with conditioned air
fromits own separately control-
led air handling unit, the sup-
ply air being made up of a
variable proportion of recircu-
lated room air and outdoor
air. A nominal minimum fresh
air rate of 14 litres/s per person
is drawn into the plant and ad-
justed according to occupancy
byareturnair CO,sensor. Each
set of cabins is supplied with
100% outdoor air which is con-
ditioned in central plant and
then reheated according to load
requirements.

Initial observations
The complaints received by
management had been non-
specific, indicative of a general
level of dissatisfaction with the
working environment. Ran-
dom questioning of occupants
and observations made during
meetings indicated that a num-
ber of problems with the in-
doorenvironment existed.
The questionnaire was de-
signed to elicit information
from the occupants on factors
relating to their work which
might exert stress on them, to
obtain their qualitative opin-
jons about their working en-
vironment and to ascertain the
incidence of building sickness
symptoms. The questionnaire
included questions about age

and gender, nature of work,
journey mode and time, dura-
tion of occupancy, smoking
habits, use of contact lenses,
work-related likes and dislikes,
thermal climate, air quality, au-
ral environment, visual en-
vironment, furniture, physical
comfortand health.

The questions concerning
health referred to symptoms
which disappear when occu-
pants leave the 15th floor of
the Charlemagne building.
These covered the classic buil-
ding sickness symptoms of
headaches, nausea, dizziness,
irritation of eyes, nose and
throat, shortness of breath,
tightness of chest, skin rashes,
itching or dryness of the skin,
joint and muscle aches, flu-like
symptoms and general malaise,
so that building sickness scores
could be assessed for compari-
son with other studies. The in-
cidence of other stress-related
symptoms, such as irritability,
depression, anxiety and frustra-
tion associated with work, was
also ascertained. Further ques-
tions were designed to deter-
mine what proportion of occu-
pants suffered from respira-
toryailmentsand allergies.

Building sickness scores re-
fer to the average number of
workplace-related health
symptoms reported per occu-
pant. A recent study of 47
buildings in the UK by Building
Use Studies' reported scores
between 1-25 and 5-25. For air
conditioned buildings they
found an average score of 3-05
amongst private sector buil-
dings and 4-29 in the public
sector. The 15th floor of the
Charlemagne building scored
2-9 overall from 127 regular us-
ers of the floor. Although this
represents a fairly low response
rate, this score would indicate
that the 15th floor occupants do
not suffer from more than an
average number of building
sicknesssymptoms.

Occupants’ ratings of their
environment, however, largely
supported the initial observa-
tions of the investigating team.
More than half the respondents
who regularly use the rooms
thought them stale or smoky,
andinner table users in particu-
lar thought them draughty.
Around half also voted the
rooms too hot, and about the
same number too noisy.
Around a third of inner table
users complained of glare and
excessive illuminance, whilst
nearly the same proportion of
outer tables users had similar
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complaints, some 20% thought
ittoodim.

Roomair conditioning
Despite the number of com-
plaints that the rooms were
too hot, measurements over a
one-week period indicated that
their thermal environment was
relativelystable, fluctuating be-
tween 20 and 22°C, even with
the airhandling plant shut down
overnight and at weekends.
Radiant temperatures did not
vary greatly from room temper-
atures. Air velocities,
however, varied considerably,
andin manyinstances exceeded
the maximum recommended in
ISO 77307 for comfort of
sedentary occupants for the air
temperatures experienced.
This may explain why some
occupants complain of draught,
particularly those seated under
the region where airstreams
from two diffusers meet and are
deflected downwards and into
the occupied zone. Smoke tests
confirmed this phenomenon
andalsoindicated that cold win-
dows exacerbated it by cooling
the already downward moving
air which moves with increased
momentum into the occupied
zone. The convectors located
under the tall single-glazed win-
dows only had the effect of
deflecting this downward mov-
ingairstreaminto the room.
Smoke tests and other
observationsalso indicated that
there was considerable hori-
zontal movement of air within
the occupied zone, which led to
tobacco smoke being transfer-
red fairly rapidly from smokers
to nearby non-smokers. This is
exacerbated by the observed
short circuiting, whereby some
15% of the total supply air was
blowing straight back into the
extractsystem.
It can be concluded from
these fairly rudimentary obser-
vations that, in general terms,
the provision of freshairrates as
recommended in national stan-
dards does not guarantee an
acceptable purity ofinhaled air.
Itis essential that the method of
air supply is capable of diluting
contaminants to an acceptable
level everywhere in the occu-
pied zone or displacing them
away from the breathing zones
of the occupants. At its evolu-
tion, tobacco smoke is hot and
buoyant and will tend to move
upwards. An air diffusion sys-
tem which has a majority of
downward velocity vectors may
prevent this buoyant plume
from rising, whilst the plumes

Above: A thermal environment survey was carried out by the investigating team, coupled with the distribution of
questionnaires. Part of the problem was found to be the large areas of glazing, visible in the background.

from other heatsources, such as
occupants, meet the downward
vectors and create a turbulent
but mostly horizontal move-
mentairatheadlevel.

Displacement ventilation
systems> supply the air directly
into the occupied zone at a
velocity and temperature which
does not produce excessive
draught, and feed the convec-
tive plumes leaving the heat
sources so thatthereisa general
upward movement of air and
contaminants. Hence the
mainstream and sidestream
tobacco smoke generated dur-
ing a puff will be carried up-
wards and stratify above the
occupant’s head before being
extracted. Smoke emitted by
tobacco burning in an ashtray
may, however, be drawn into
the boundary layer of the con-
vective plume of a nearby non-
smoker.

It was recommended that
this displacement ventilation
principle be employed to solve
the tobacco smoke problems in
the rooms. There being very
little wall space available on
which to mount low velocity air
terminal devices, it was sug-
gested that air be supplied
from high levelinto the unoccu-
pied region enclosed by the
inner ring of tables. It was also
envisaged that a much reduced
air volume would be required
with the plant operating with
100% fresh air.

The visual environment
As analysis of the responses to
the questionnaire had indi-

cated, an illumination survey
showed that light distribution
was uneven — with the highest
illuminance levels being
measured at the inner tables,
levels being daylight-
dependent close to the window
walls and inadequate along
those internal walls furthest
from windows. The glare is due
partly to artificial and partly to
haturallight sources.

The warm white fluorescent
lamps are mounted in a diffuser
which has smoked perspex baf-
fles at right angles to the tube
axis, hence reducing the side-
ways light emission along its
axis. Illuminance directly be-
low these lamps and close to
the windows was measured as
high as 1800 lux, even on an
overcast day. Whilst, at the
same:ztime, levels measured at
outer desks furthest from the
windows were as low as 500 lux,
and on dark vertical surfaces as
low as 250 lux. Hence thereis a
considerable contrast between
the working surface, the light
sources and the other surfaces
intheroom.

The large area of un-
obstructed sky seen through
the windows represents a parti-
cular glare problem. Whilst
they do provide daylight and a
link with the outside world, the
link is tenuous since it is unclut-
tered with scenery; the day-
light provides a greater illum-
inance than is required close
to the windows and glare to
thosefacing the windows.

In order to provide a more
even illuminance it was sug-

gested that the smoked baffles
be removed from the luminaire
faces. It was thought that a
more pleasing appearance
could be created by the use of
full-spectrum artificial daylight
lamps. It was also suggested
that the window area be re-
duced and the insulation im-
proved by the addition to the
existing wall of an outer one
containing only 40% glazed
vertical panels.

Conclusions

This investigation was a very
good example of the effective
application of questionnaires
and targeted measurements
and observations. It is thought
that the main causes of com-
plaint have been identified
without having to resort to
lengthy and expensive ventila-
tion and contaminant surveys.
These may have been required,
however, if the building sick-
ness scores had been higher,
or if there had been pointers
towards sources of contamina-
tion other than body odour
andtobaccosmoke.

Paul Appleby isanindependent consultant
and md of Building Health Consultants. The
author wouldlike tothank Brijel & Kjaer for
theloan ofinstruments and help withthe
thermal environment survey.
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reports Stephen Ashley.

An extensive energy demon-
stration scheme has been car-
ried out in Italy by the govern-
ment sponsored UPSE (Un-
ione Piemontese Sviluppo
Edilizio). In 1984, a block of
apartments was completed in
Turin to test the efficacy of a
package of passive and active
solar measures in the Po valley
climate. Temperatures here
average close to freezingin win-
ter and over 20°C in summer.
Thereisoftenfogandrain.

The results of the three year
monitoring programme under-
line a very important lesson. In
identical apartments, owner
occupiers were able to save
some 34% of the primary energy
that would be used for space
heating in a conventional version
of the block while tenants saved
little or nothingat all.

Solardesign
Two blocks were built, facing
each other along an east-west
axis with a 15° tilt towards west,
but only one was adapted for
solar energy. The main energy
features were orientation and
space planning, sunspaces, in-
sulation and solar panels. The
56 apartments vary from one to
three bedroom units and all but
the smallest have views to north
and south. Kitchens are on the
north side and have small en-
closed balconies which act as
storage space in winter and cool
shaded balconies in summer.
Bathrooms in the centre allow
alltheliving rooms to have good
daylighting. Sunspaces are in-
cluded on the south fagade.
Constructionis typical of the
continental tunnel system
approach and comprises a mix
of in situ and prefabricated
components. Heating pipe-
work is cast into the walls,
bathrooms have a false wall for
services access and the 150 mm
concrete walls and floors work
well both acoustically and ther-
mally. Outer walls are in-
sulated with 60 mm of
polyurethane foam. The south
facade is of prefabricated con-
crete panels, 230 mm thick,
with an inner layer of 60 mm
polystyrene. All windows are
double glazed and well sealed.
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A block of apartments in Turin, Italy, illustrates the importance of user
involvement and understanding in passive and solar energy techniques,
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Top: Solar block, exterior view; Above: South-north section.

1-9 m and 2-7 m high lead off
the south facing rooms. Their
windows are single glazed and
can be folded back to com-
pletely integrate the sunspace
into the room. There are manu-
ally operated blinds and
awnings for shading. The sun-
spaces allow the entry of winter
sun but no direct summer sun.
Ventilation is good with cross
ventilation supported by fansin
the bathroomsandkitchens.

The same heatingsystem has
been used as in most of the
UPSE demonstration projects.
Air is preheated in the roof-
mounted solar collectors and,
when necessary, is further
heated by a central gas fired
boiler. This heated air is distri-
buted by ducts and grilles.
Radiators are used in kitchens
and bathrooms as Italian buil-
ding codes do not allow air
heatingintheseareas.

The average area of solar

panel for each apartment is
from 6 to 7 m? with a total air
flow rate between 270 and 350
m¥h. In winter a third to one
half of this flow is used for venti-
lation preheating with the re-
mainder used for water heat-

ing. In summer the air flow is
used entirely for water heating.

Monitoring results
Monitoring carried out over
three years involved hourly
readings of the main energy
parameters. The owner occu-
piers are reported to be very
happy with their apartments
while the tenants complain ab-
out theirs. In the rented sec-
tion routine maintenance is
not carried out on the heating
system leading to failures and
complaints. Tenants are not in-
structed on what solar features
are provided and on how to use
them. They have no financial
interest in saving energy as they
pay a fixed cost for heat regard-
less of how much they use.
Because of these essentially
management failures, virtually
no savings have been recorded
overaconventional block.

Taking the owner occupied
apartments, passive solar gains
contributed 16% to the gross
space heating load and the ac-
tive system contributed a fur-
ther 6%. The shading and ven-
tilation measures worked ade-
quately against overheating.
Overall this part of the building
saved 34% of the primary
energy necessary to heat a simi-
lar building built to Italian buil-
ding codes. The solar measures
are estimated to have cost
2-7%, and all the energy saving
featuressome 8:3%, of the total
building cost. Using current gas
pricing, savings due to the solar
measures have a simple pay-
back period of 20 years.

Thisarticle has beentaken, with permission,
fromthe Project Monitor series of reports.
Theworkforthe reportswas carried out by
the ECD Partnershipand sponsoredbythe
Commission of the European Communities.
Copiesofthe reportsand further information
can be obtained from j Owen Lewis, School of
Architecture, University College Dublin,
Richview, Clonskeagh, Dublin 14, Eire.

Projectdata

Collegno, ViaF Parri, Torino, Italy.

Building details

Volume of whole block: 1 5646 m?
Number of floors: 5
Number of flats: 56
Totalfloorarea:5142m?
Roofarea:934m?

Windowarea

Total:938:-5m?

South:626:5m?

North: 626 m?

Sunspaces
Volume: 1055m?*
Floorarea:398m?
Glassarea:613m?

Solar collectorarea: 389 m?

Thermal characteristics

Roof:0:65 W/m2K

Floor:0:65W/mZK
North/eastiwestwalls:0-50 W/m?K
Southwallpanels:0-56 W/m2K
Windows: 2:5 W/m2K

Globalheat loss coefficient: 7200 W/K
Infittrationrate:0-5ac/h

External designtemp: —8°C

Netheat load: 4|2 kWhm?

Site

Altitude:302m

Latitude:45°5'N

Average ambienttemperature:

January:2:4°C

July:21-6°C

Degree days:(base 19°C)2570
Globalirradiation onthe horizon:
1372kWHm?

Sunshine hours: 1979y
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