1.2.0

Interior Climate

There are many factors affecting interior climate, and constructing a healthy, comfort-
able building must be well thought through. Consideration needs to be given to the
Jocation of the building, especially with regard to air pollution from traffic and indusiry,
Building materials may release unhealthy emissions. The building's services affect
interior climate, with the ventilation system exerting the greatest influence. Electrical
systems affect the electro-climate. Heating and cooling systems affect comfort. Water
and sewage systems cause no problems until they jeak. Even activities that take place
inside a building, such as smoking, significantly influence the air quality.

Comfort

Comfort can be divided into the following
categories: thermal comfort; humidicy; air,
sound and light quality; electro-climare and
ease of adjustment. With regard to thermal
comfort, the term operative temperature is
used, which rakes into consideration room
temperature, surface temperature draughts
and temperature variations within the room.
Relarive humidiry has to do with air mois-
ture levels that are neither too dry nor too

moist. Oprimal comfort is achieved between
4060 per cent relative humidicy. Air gual-
ity addresses fresh air and quantities of air, 4
well as smell, dust, particles, emissions ani
fibres. Sound quality has to do with sound
level, speech comprehension, reverberation
time, echo, as well as noise, impact sound,
infrasound and vibrations. Light quality has
to do with lighting, light strength, colour
reproduction, availability of daylight and
sunlight, as well as glare and reflections.
The electro-climare depends on electrical
and magnetic fields as well as stavic clectric-
iry. Ease of adjustment has to do with being
able to control the interior climate, i.e. teny-
perature, ventilation and light, an imporzant
comfort factor for many people.
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room temperalure la percelved more than the alr [ 229225
temperature. If Ihe walls are warm but the room

alr cold, the room is experienced as warmer than
If the alr temperature Is warm and the walls are ;

cold.

Source: Architecls Eva and Bruno Erat, Finland
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Staic glectrichy Control and Regulation

Systems
Acoustic ﬁ Visual climate Interior climate ma).' be adJUStEd cither
clmate manually or automatically. Manual regula-
L tion includes opening and closing windows
ArTYaend  and ventilation outlets, as well as turning the
i \ heating up and down. This can be done us-
A Air humichty

ing simple methods but requires participa-

tion by the occupants. Automatic regulation
\nterior comfort la Influenced by many different has developed considerably in recent years,
factors, Including alr cleanliness, temperature and  ~nneurrent with computer development.
humidity as well es light conditions, sound levels Current regularion systems are usually con-
and electro-climate.

nected 1o a local compurer control system
that controls everytching affecting interior
climarte such as venrilation, heating, cool-
ing, lighting, etc. In principle, a building is
equipped with various sensors that moniror
temperature, air humidity, pressure, light
conditions, etc. All the sensors are con-
nected to the computer conrtrol system pro-
grammed to control dampers, vents, lamps,
etc. The goal is to achieve a good interior
climate while conserving energy and other
resources. New, efficient regulation equip-
ment can save up to 10 per cent of energy
consumption in multi-family dwellings, and
20 to 30 per cent of energy consumption
{(heat and electricity) in office buildings in

Interior alr may be poiluted by a varlety of sourc-
es, Including unhealthy and unpleasanl conients.

INTERIOR CLIMATE REQUIREMENTS

Ventilation experts Torkel Andersson and Hakan Gillbro, specialists
in reinforced natural ventilation, have made the following list of
requirements for interior climate in schools and offices:

* equivalent room temperature 20-21°C » no audible or inaudible sound
* refative humidity 30—40 per cent during + low conceniration of particulate substances

he cold season and 40-60 per cent |, low conceniration of gaseous substances
during the warm season

» good and pleasant lighting and lighting level
= low static electricity

= good natural lighting
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Sweden. For every degree that the average
interior temperature can be lowered, there
is a 4-5 per cent savings in total energy
consumption.

When functons in a building are
computer-controlled,  these functions
can be extended. Buildings controlled by
such systems are referred to as ‘smart’ or
‘ineelligenc’. Functdions that can be added
include burglar alarms, fire alarms, overflow
alarms, humidity alarms, motion detectors
to adjust ventilation or lighting, magnetic
switches that indicate whether or notwindows
or outer dooss are open, timers, etc. A display
screen can be connected where it is possible
to regulate the system, and w© observe elec-
tricity and water consumption, inrerior and

A human being can be electrosiatically charged.
A negatively charged person atiracts positively
charged dirt pariicles. A shock ls recelved when
an eleetrostatically charged person touches an
earthed object.
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Fredskulla school In Kungély, Sweden {desligned by architecl Christer Nordetrém) has natural ventilation, adjustable as required.
Climate monitoring ahows that they succeaded in keeping the room temperature at about 20°C and the relatlve humidity at about
50 per cent. During the winier, the level of CO, sometimes exceeded 1500 parts per miillon {ppm). That level does not affect health

but exceeds eatiler recommen

qulckly lowered.

Source: Venllalion consultants Torkel Anderssan an

outdoor temperature, who’s standing at the
front door, and to reserve a slot in a shared
laundry room, etc. When spring sun shines
in through a window; a good control system
would immediately detect the free heat and
lower the output from the radiators. Opening
windows for a short time may cause cold air
to sink and trip a thermostat that regulates
heating. A smart system can be programmed
so thar heating is not turned up during this

d Hakan Gillbro. DELTAte, Gothenburg

dationa. When staff and puplls take regular breeks and open ihe windows, the €O, level can be

short period. In a waterborne system, old
thermostars can be replaced with new ones
that are part of the control system.

Such systems open up completely
new possibilities for property managers.
Systems can be connected rogether, func-
tions checked, problems detected, and
comparisons made between buildings 10
determine where various energy-efficiency
measures should be used.
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1.3.3| Sound and Noise

Noise problems are common in everyday life. People are disturbed by traffic ang
unwanted sounds from ventilation and heating systems. People are also affect-
ed by low-frequency sound, infrasound, that is not consciously perceived, such
as noise from fans. People may be bothered by impact sound and air sounds in
buildings. These problems can be prevented by using heavy construction mate- |
rials, discontinuous construction, special window designs, etc. In a noisy locality, |
sound insulation measures should be included in any new construction.

Noise
Seund fevel 1B (A

The unit decibel, dB{A), is often used to de-
scribe sound volume. The ‘A’ refers to the 197 _;%Z% I
different frequencies being weighted to cor- 40 __/ I
respond to how the human ear interprets }lﬁ:ﬁgen%mﬂmi[y
the sound volume. An increase of 3dB(A) 1
is equivalent to experiencing a doubling of 1307
the sound volume. $ .

In Sweden, slightly more than two million # - 1204
people are exposed to noise that influences  Pan tfreshiaid
health and almost one million report being - 110+

bothered within the vicinity of their home,
often by traffic noise that is over 55 decibels.
Noise from all sources together should not ex-
ceed 55 decibels. The sound from a normal
conversation is 60 decibels. EU countries are
required to map noise problems and establish
remedial measures in cities with a population

- 100<4— (I)) |

of more than 100,000 by 2013, L] = m
The National Board of Housing, Build- M —
ing and Planning (Boverket) has ser the fol- L 60 !
lowing long-term goals according to the Nosmeal conversation
nois¢ guidelines supported by the Swedish L 50 -
Parliament:
By the year 2020 noise levels in home L a0 |
environments will not exceed:
» 30dB(A) equivalent indoors; ) L 95 4—
» 45dBA maximum level indoors at night; vyl - -
+ 55dBA equivalent level outdoors (at the |10 -0 Bedioom '
fagade); ©
« 70dBA maximum level in outdoor areas
associated with homes, 0 |

These are guldelmes for new con.strucnon Sound level Is measured in declbels on
or substantial roadway reconstruction. legarithmic scale.

ey |

|
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Sound Reduction

In our stressful society more and more peo-
ple strive after more tranquil and quieter
environments. Several studies unequivocal-
ly show that a good sound environment is
high up on residents’ wish lists. In Sweden
in 1999 a new sound standard came into
force thar takes into consideration frequen-
cies down to 50Hz, in other words the base
level that sound systems emit. It can be dif-
ficult 1o comply with the standard using
common light construction techniques. It is
easier to meet the requirements using heavy
building systems.

Following are the Swedish sound classes
according to standard SS 252 G67. The dif-
ference between classes is normally 4dB.

Sound class A: corresponds to very good
sound conditions.

Sound class B: corresponds o signifi-
canty berter sound conditions than sound
class C.

Sound class C: provides satisfactory
conditions for the majority of residencs and
can be applied as a minimum requirement
according to the National Board of Hous-
ing, Building and Planning regulations.

Sound class D: corresponds to condi-
tions meant to be applied when sound class
C cannot be achieved. An example is older
homes that for particular reasons cannor be
renovated in a way that meets the require-

ments of sound class C, e.g. when careful
restoration work is being carried our.

Sound class B is usually applied for new
construction.

The Quiet Building

It is possible to build quiet flats. With the
help of common sense, holistic thinking
and collaboration, housing free from noise
disturbances has been built, for example
in a project called ‘The Quiet Building’ in
Lund, Sweden. Neither traffic, neighbours,
plumbing nor fans disturb those who live
there. The quiet buildings were constructed
using thicker concrete, floor plans and ser-
vices designed to minimize sound distur-
bances. The cost of constructing buildings
that are experienced as quiet can be 2-3 per
cenc higher, which may be considered to be
within reasonable [imirs,

Separating Walls and Floors in Flats

There are three ways to reduce sound trans-
fer: one is to use heavy materials; a second
is to use double rather than solid structures;
and a third is to fill empry spaces in struc-
tures with insulating material. Increasing
the thickness of walls also improves the
sound climate. Impact sound can be muf-
fled through proper choice of floor covering
or by purting insulation berween the Aoor
covering and the load-bearing construction.

=
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D,

Today many people live In a poor
sound environment. The need for
sound insulatlon has grown due
to an Increaee in new sources of
disturblng sound, such ag heavy
trafflc, powerful stereo systems
and fans. Sound transmission

i through the air between two

1, Difec sound transmission spaces Is usually glven as a total
2. Flanking lransmission of direct tranemlgsion, flanking
3. Ovechearing transmisalon, overhearing and

4. Noise leakape leakage.

A\

R

N

DI

WV
\

RN

I HEALTHY BUILDINGS | 1.9 CONSTRUGTION 1.3.5 SOUND AND NOISE 183




Timber frame buildings with more than
three storeys make it especially important
to consider sound insulation berween flats.
Several new construction methods for this
have been developed. In “The Quiet Build-
ing’ in Lund, walls separating the flacs
were made using 240mm concrete instead
of the usual 160mm. The thickness of
the floor structure was increased from the
usual 200mm to 290mm, and the outside
walls’ inner concrete layer from 150mm to
240mm. It is important to know that one
consequence of increasing the amount of
concrete is an extended drying time.

Sound-Insulating Windows

Special sound-insulating windows are avail-
able for buildings exposed to a lot of out-
side noise. Better windows are considered
the most appropriate preventative measure
in at least half of all buildings exposed w0
noise. An unfortunate consequence is thar
many desirable sounds from outside are also
excluded, such as birdsong, children play-
ing and the patter of rain. Renovation to
improve noise reduction can include add-
ing inner windows (with a glass thickness of
abour 1cm) onto existing windows, which
can reduce noise by about 35dB.

For walls saparating flats, using
disconilnuous construction does
not usually provide sufficlent
noise reductlon. Double walls are
often bulll and the floor siructure
should also have separaled sec-
{lons. Solld timber lloors between
flala should ba Insulated on the
underside If ihe solld wood acts
as a floor surface without any
other tloor covering.

Source: Massivird, Teknisk beskrivn-
ing, Tratek, 2000
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A solld timber floor between Hats. Under the floor
Jolste, metal acouslic eeclions are attached 1o
plasterboard. The outer floor surface consiste of
parqust flooring laid on top of Impact sound-
absorbing material.

Clinker

Two layers of cork granule board

I
|

An example of Impact sound Insulation with cork
granule board under a expanded clay floor set In
moriar.

Source: Cementa

Cuet bundings have double wandows in sepa-
rate, widely spaced [rames, There is a sound
absorber between the frames

Coconut fibre sbps.
flax sirips or gimilar
matenal.

Window with reintorced sound Insulation. It la now
most common to use laminated glass with sound-
absorbing foll In the Insulating glass.

Source” Projeklel *Det lysla husel’. JM Byggnads och
Fastighets AB, Lund, 1988
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Quiet Services

Since dB(A) values do nor give a true pic-
ture of disturbance by low-frequency sound,
requirements for the highest sound level in
dB(A) should be supplemented by require-
ments in dB{C). If the C-level is more than
15dB higher than the A-value, the sound
cin be said to be dominated by low fre-
quencies. If the C-level is above the A-level
by 25dB units or more, it is a question of
more serious sound disturbances.

"There is a lot to consider on this subject.
Circular channels are better than recrangu-
|l ones. Pipes can be laid in well-insulated
ducts and in a vibration-absorbing man-
nery Circulation pumps and fans can also
be: mounted so as to prevent vibration.

In addition, pressure-reduction valves can
be placed in heating pipes.

The following is a checklist of things to
consider in order to achieve a quieter venti-
lation system:

* location of fans and ducss;

* sound absorprion;

* sound insularion;

* choice and location of fans;

* fan connection;

* ducring and sound insulation;
* duct mounting;

= ventilation Axrures;

* vibrarion insulation.

R, D oqw Murmur Normal speech,| Normal speech,| Loud Shouting Sound from a Discomusic

Offlce machinesf Offlce- conversation loudspeaker,
in calm machines moderate
environment level

a5

40

44

48 YELLOW - audible

52 WHITE - inaudible

60 GREY - audible but not diturbing under normal conditions

Subjective interpretation of sound wlith varlous types of sound Insulation,

Spurce:‘Bullerskydd i bostAder och lokaler’, Boverkel, 2008.

Sound insulation measure Sound reduction

O | aNoinsulation 0dBY
b) 50mm mineral wool preformed
@ pipe section (glass wool S0kg/m? 12-140B(4)
or rock wool 15Ckg/m?)
i i ©) Box of 13mm plasterboard -
L 4| @imension: 300 X 400mm) 14-180B(A)
i ] dj Box as in ¢) and mineral woal
. §‘§} ok 25-300B(A)
s . ) To reduce the nolse from services, ducls can be
Sl | e] Boxasin o) and 50mm mineral 2 encased and Insulated. The lllustratlon shows an
%@mﬁ; wool sheets (glass W%ll 36 kg/m 24-28dB(A) example with a vertlcal plasilc (high density poly-
u Ihs or rock wool 75kg/m thene) pipe.
Source: ‘Regnvalleninslallation’, Svensk Bygglianst, 1978
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2.1.4 | Architecture

The approach of the architect greatly influences energy consumption. It has to do not only
with insulation and technology, but also with an understanding of passive techniques. The
goal of every architect should be to use their skills to contribute to energy efficiency.

Building Design

Smaller, well-planned buildings save energy.
Architecrural devices thar influence energy
efficiency include a building’s shape and
type, temperature zones, how much it is
dug into the earth, as well as oprions that
make it possible to use passive solar heat.

Building Shape

The objective for an energy- and marerials-
efficient construction is to encompass the
largest possible volume with the smallest ex-
panse of outer wall. Theoretically, the best
shape is a sphere, but it is difficulr to make
efficient use of the space inside a sphere.
50 when it comes to single-family houses,
the preferred shapes are a wo-storey cube,
a one-and-a-half-storey square shape with a
hip roof and a finished attic, or an eight-sid-
ed two-storey house with a sloping roof o
minimize the total volume of the building.

Building Type

The type of building is very significant. The
number of storeys and how the various parts
are pur cogether can make it possible to reduce
the surface area of the outer walls and roof. In
semi-detached houses, there is one less outer
wall and so hear loss is reduced. In rerraced
housing, there are two fewer outer walls, and
in blocks of Aats, there are three or four fewer
ourer walls as well as a reduced roof area.

Temperature Zones

One way to reduce heat loss is to reduce the
volume heated. This can be done by dividing
a building into different temperature zones,

2 CONSERVATION | 2.1 HEATING AND COOLING | 2.1.4 ARGHITECTURE

¢.g. a cool larder, wood shed and storage area
that are not heated on the north side of the
building, and a veranda and porch, both
glassed-in, on the south side. Different tem-
perarures in the living areas can also be con-
sidered, bu this is often difficult to achieve

in a compact and well-insulated house.

Dug-out Buildings

Heat loss through the foundation varies
depending on the type of foundation. In
a plinth foundation, the floor is in prin-
ciple like an additional outer wall. A slab
foundation on the ground is not exposed
to ourside temperatures bur to the ground
temperature, which is relatively constant
year-round and is equal t the average
annual temperature. In a hillside or semi-
subterranean house, some of the walls
are built into the ground. In these ‘earth-
sheltered’ buildings, only the windows and
part of the walls come into contact with
outside remperatures. The more a building
is dug into the earth, the less hear is lost.

Heavy Mass

Experience has shown that heavy build-
ings often require less energy than light
constructions. This is because heavy ma-
terials have the ability to store heat until
the excess heat is required, just as the heavy
mass functions in a tiled stove. Accord-
ing to a former building norm, U-values
are adjusted by a certain factor for heavy
walls. To reduce energy requirements in
super-insulated buildings, it is possible to
deliberately add thin layers of heat-storing
material.
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To save energy, a bullding can be divided into different lemperature zones according to the purpose of lhe zone. Archl-
tect Joachlm Eble divided his house in Schafbriihl In Tiblngen, Germany Into four temperalture zones,
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STA N ] Eight homes as: separate buildings Terraced houses 2-storey block
.' Ground area 100% 70% 34%
Exterior surface area 100% 74% 35% 1
Healing sequirements  100% _89% 68%
ster? Costs 100% 87% 56%
This Is 8 comparlson of ground floor area, exterior surface area, heallng require-
ments and construction cosis for elght living units in different types of bulldings.

By building the unite together In terraced houses or multiple-siorey bulldings, the

320m? ouislde wall area Is reduced and thua alao heat loss.
3 Source: Okologische Baukempetenz, H. R. Preisig et al, Ztirich, 1999

350m?

~

The area of the outer walls of a building

depends on the bullding shape. The most

energy-efficlent shape Is 8 hemlaphera.

The example shows the area of the outer '
shell {walls, roof and floor) for five ditfer-

ently shaped houses, each with a 100m?

floor area.
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ARCHITECTURAL EXAMPLES OF ENERGY-EFFICIENT BUILDINGS

The Tuskoé House

This two-storey, 144m? house in Tuskd, near
¢)sthammar, Sweden, is super-insulared and
built using healthy marerials. On the second
floor, the ceiling height is lower at the ourer
walls in order to reduce the surface area of
the outside walls. The stud frame is made
of wood and the insulation material used
is cellulose Abre. The house is divided into
zones, On the south side there is an insular-
ed and unheared glassed-in veranda that can
rake advantage of passive solar heat. On the
north side, an extension with a storage area,
wood shed and larder serves as extra insula-
tion. There is an open stairway in the house

that distributes excess heat from the veran-
da and kitchen to the other rooms. A soap-
stone stove in the ground floor kitchen is the
main heat source. As the house is well insu-
lated and has good windows, it has a small
heat requirement. When passive solar heat
and wood heat from the soapstone stove are
insufficient, there are small electric radiators
as a reserve. There ace two urine-separating
dry toilets in the house, There is a suspend-
ed foundation that is easy to enter from the
outside, where the small faeces container
for the dry roilets is located. Utine is
collected in an underground tank beside the
building,

In a house In
Tuska, near Gat-
hammar, Sweden,
thers is a larder,
wood shed and
storage area In
an unheated zone
on the north side.
The verande and
porch are solar-
heated zones on
the south side.
Ths suspended
foundatlon under
the house is a
frost-free zone

where all the
sarvices are
located.
Source: Archilact
Lollo Rietmar von
Platen, Stookhatm.
Ece-architect
Varig Bokalders,
Slockholm
The Torréng Eight-sided House outer zones. The winter garden faces south
This three-storey house is a good example of  to take advantage of passive solar heat. Doors
how architectural techniques canbe used to 1o the winrer garden can be opened to al-
reduce outside wall area, The house is also  low solar-heated air to flow into other parts
well planned with regards to temperature  of the house. The open Hoor plan makes it
zones — the fireplace, stoves and accumula-  possible for the heat to spread. Heavy mate-
tion tank are centrally located, and a win-  rial in the house stores the passive heat.
ter garden and drying cabinet are unheated
Architect Ola Torréing
desligne elght-sided houses
with a sloping roof and
sloping cellings at the
edges, large glassed-In
verandas facing south, and
a warm zone In the middle
with a chimney stack,
sloves and heaters.
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Archltect

Andars Nyqulst's
homae (bullt
1991-1993) In
Rumpan, near
Sundsvall, Swe-
den, [s extramely
energy officlent.
It s not only well
Insulated but
also dug Into the
ground. The only
facade, facing
south, Is glassed
In and used as a
greenhouse.

Roof: Paat (or cultivation

Geotextia

Passive Cooling

In hot climates it is important 1o design
buildings so thar excess temperatures are
minimized and then to work with passive
methods of cooling, In order to minimize
excess temperarures, there are many archirec-
tural design factors to consider. The build-
ing itself can be protected from the sun and
the indoor hear load can be reduced. Among
other things, all windows should be shaded
so that direct sunlight is blocked while indi-
rect daylight can illuminate rooms.

Shape and Colour

How much a building is heated by the sun
depends, among other things, on its shape
and colour. A large, south-facing area gets
very hot from the sun, while a dome only
has a small surface area facing the sun's rays.
A light coloured surface does not become as
hot as a dark, absorbent surface. An insu-
lared wall does not ler as much hear into a
building as an uninsulated wall.

Heavy Mass

In many climares it is hot during the day
and cold at night. If 2 building is construct-
ed of heavy material, the material’s ability to
store hear or cold can help provide a more
pleasant indoor climare.
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Shading a Building

There are various ways of shading a building
so that it isnT heated by the sun. Buildings
can be placed close rogether so that they
shade each other, and double roofs or other
construction details can be used 1o shade a
building’s shell.

Window Shading

It is especially imporrant to shade windows
in order to reduce internal heat load. This
may be done in a number of ways, contrib-
uting to the overall design.

Zoning

In extreme climates, it is possible to build
houses in which cccupants move according
to season. People in the Nordic countries

2 CONSERVATION |

used to move into the kitchen for the win-

ter. In hot climartes, people can move out
into the courtyard to get some shade, live
on the roof 1o enjoy the evening breeze, or
move into the basement on extremely hot
days 1o be cooled by the earth.

Indirect Daylight

Though direct sunlight isn't desirable, let-
ting in daylight is. This can be achieved by
locaring windows so thac they aren’t facing
in the sun’s direction, by shading windows
with roof overhangs or by letting daylight
fileer in through a screen.
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Ventilation

In some climates, ventilation is the only
thing that can provide a lictle cooling.
Therefore buildings are designed so that
they are easy to venrilare. Floor plans are
used thar allow cross-draughts. Spaces
with high ceilings are included in build-
ings, such as stairwells, and inside court-
yards capped with ventilation hoods (cu-
polas).

2.1 HEATING AND COOLING |
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Sunlight and heat go
together. In hot climates,
screens are often used
in windows for shading.
They let some daylight
in to llluminate the room
while simultaneously
keeping out mast of the
suntight and heat. In ad-
dition, screens allow vis-
ibllity outward without
allowing visibllity Inward.
The lllustration shows
window openings with
screens (Mashrablya)

In a traditlonal Egyptian
buliding in Calro.

Source: Natural Energy
and Vernacular Architec-
lure, Hassan Fatlhy, 1986
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An Egyptlan bullding with natural ventllation via
a malkaf.

Advanced Ventilation

In order to increase ventilation, more extreme
architecrural elements can be used, such as
ventilation chimneys and solar chimneys that
increase narural ventilation, and wind-carch-
er vents (malkaf) thar direct wind down into
buildings. Walls and roofs can also be venti-
lated in order to cool down buildings.

The Amerlcan architect Melcolm Wells began desalgning underground
earih-covered homes. He fell thal vegelallon waa ao beautiful and valuable
that il shouldn't be bullt upon, and that any lost natural landscape should
e replaced with a new version on the rool. In additlon, auch houses are
Protacted from the wealher. They can be well insulated and designed 1o

admil a lot of deylight.

Source: Undergraund Dasigns, Malcolm Wells, 1977
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Cross-draught In a Malayslan house,

Evaporation

Evaporation cools. There are many ways
to make use of this fact to cool buildings.
Indoor fountains can be used or vegetation.
Water can be sprinkled on hot roofs, or run-
ning or evaporating water {a humidifier)
can be placed in the fresh air intake.

Dug-out Style Buildings

By digging a building into the earth, it is
possible to rtake advantage of the earths
cooling effect. A short way underground,
the annual average temperarure prevails.
Another way to take advantage of the cool
ground temperature is to use an under-
ground air intake pipe that brings in air that
is cooled in the process.

There Is oflen a ‘salsabil’ In traditional Egyptlan
houses. A salsabll1s a stone lhat is sculpted wilh
an atiractive relief patiern on the front. Waler runs
slowly over the slone while Inlake alr blows over
1, A coollng system is thus created in a slmple
and beautiiul way.
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Dehumidification Green walls and roofs

In climates where it is both hot and moist, [ hotand humid climares experience shows
dehumidification can provide cooling. This 15, green plants on walls and roofs can
is because comfort does not have to do only  |ower the temperature in the wall by 3—4°C.
with temperature but with air movementand [, Singapore special green walls have been
relative humidity as well. Dehumidificacion developed with vertical elements including
can occur passively using salts that absotb  jnreprated pots and irrigation systems. In
moisture and are then dried using solar hear. Swirzerland, vertical green walls are used in-

doors 1o aesthetically moisturize offices.

Warm aw for
leatnent

Radiation

On clear nights, a strong heat radiates towards

e the cold, night sky. In the Sahara desers, it is

N S actually possible to make ice in shallow pools

absorty and emit thart are insulated from the ground. There are

A7, mostre various archirecrural methods for cooling a

| Damper building with night-time heat radiation, e.g.

wanm, E with the help of a shallow roof pool that is

L) 1 Indoor ar for prorected (covered over) from the sun during

t gebumidficalon  the day. There is also a special type of meral

A coating that has a great capacity for reflecting

Cooling through dehumidification. and emirring heac. This type of coated meral
helps to cool buildings.

House with a roof pool.

Al the Internatlonal Exhl-
bitlon In Seville in 1992,
work was undertaken to
temper the hot climate
wlth shadow from trees
and plants, wind, and
cooling elr using earth-
plpes, evaporailon, water
and mass.
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Decontamination

For a long time, especially during the 20th century, construction materials have been
used that are now regarded as hazardous. Examples include radioactive lightweight
concrele, fibres that can cause lung damage (such as asbestos), sealing compounds
with PCBs, heavy metals and additives in materials. Current management and
renovation practices involve an attempt to systematically remove these hazardous
substances and materials from buildings. Some materials must be removed by law.
There are special regulalions about how this should be done and where the material

should be taken.

Inventory of Materials

Carrying out an environmental invenrory,
e.g. when a building is acquired or prior
to demolition, entails identification of all
marerials considered to be hazardous waste.
Even other marerials thar could be consid-
ered hazardous as well as any lefrover chem-
icals should also be identified. An appraisal
should be made as to whether or not the
activity in and around the building could
have caused contamination of building ma-
terial and/or the ground. When necessary,
an analysis of potentcially hazardous materi-
als should be carried out.

Hazardous Waste

Hazardous waste is waste that can canse
damage to the environment and health.
Hazardous waste regulations define what
waste is considered to be dangerous. Haz-
ardous waste should nor be mixed with oth-
er waste, but rather must be separated into
categories. It is obligatory o ensure thar haz-
ardous waste is transported and dealt with
by certified personnel in certified facilicies. If
it is not possible to declare thar waste is free
of hazardous substances, it should be con-
sidered as hazardous waste. Some examples
of hazardous waste commonly found during
building demolition Follow:

Asbestos was mostly used in the 1950s
and 1960s, and its use was not prohibiced
uniil 1976. Asbestos has been used as fire

protection; heat insulation; reinforcement;

sound insulation; condensarion insula-
tion; in pipes and ducts; as filler in paint,
pasteboard and plastic; and in the form
of asbestos cement in sheeting (eternite).
Asbestos cement sheets have been used as
floor, wall and roofing marerial. A layer of
asbestos may also be found under plastic
mats, in tile fixative, window putty, sprayed
concrete, glue, sealing compounds and win-
dow sills. Internite and eternite are perhaps
the most well-known brands. Asbestos re-
moval should be carried our by certified
decontamination companies. The material
is transported in closed containers and is
deposited at special sites.

Asphalt can be crushed and reused in new
surface coatings on driving and warchouse
surfaces. Reused asphalt is, however, not
used on surfaces with a large amount of

heavy traffic.

Batteries and accumulators conrain heavy
metals and environmentally hazardous elec-
trolytes such as lead, nickel, cadmium and

mercury.

Lead was used in large amounts before
1970 in the joints between cast iron sewage
pipes (called caulking). Lead has been used
as roof sheeting as well as under the joints
between other meral materials (for example
in roofs, balconies and bathrooms). Old
elecrricity and telephone lines are often en-
cased in lead. Lead was used to make gas
and water pipes. Lead asphalr-impregnated
felt was used as foundarion insulation. Lead
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Some types of
level monitors

626

7 / it Some types of
/ ; y two-way switches
Sea“ﬂg ACWdUr ”D(J”ng I e
compound
Thermomelers
Waler traps in
g.g. dentists
Capacitors offices

Asbestos sheefs

During demalition there can be many older prod
materials and oblects that contaln lead compounds, mercury,

Source: quoled [reely [rom SIAB brochure

4 wace |

was also used in older window glass. Level
transmirters in sump pumps also contain
lead. Lead has been used as a stabilizer in
plastic and as pigment for shades of whire,
yellow, green and red. Red lead oxide has
been used as outdoor corrosion protection
for merals. Lead should be separated out
and deposited for metal recycling.

Fire protection equipment such as fire
extinguishers may contain halogen. Smoke
detecrors and some fire alarms may contain
radioactive material. There are special regu-
lations for handling radioactive material.

Sealing compounds are used in many
places in a building. Since the mid 1950s
sealing compounds have been used to seal
constructions and make attractive joints. A
differentiation is usually made between elas-
tic and plastic sealing compounds. Elastic
compounds are able to absorb the greatest
amount of movement. Binding agents used
in sealing compounds include oil, acrylate,

4.9 EXISTING BUILDINGS ]
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Lead joint

Leftover asphalt s not constdered
environmentally hazardous waste, but
should be stored until reused in order
to avoid leaching of substances that

an be hazardous to the environment.

ucts that contaln environmenially hazardous substances such as
asbesalos, freon and PCBs.

polyurethane, polysulphide, butyl, biru-
men and silicone. Sealing compounds can
contain one or more of the following en-
vironmentally hazardous substances: PCBs,
phthalates, chlorinated paraffins, and bio-
cides. It is often difficult to determine which
type of sealing compound has been used.
Polysulphide-based sealing compounds had
their breakthrough in 1957. PCB (20 per
cent) was used as a softener until it was pro-
hibited in 1972. Polyurethane based (PUR)
sealing compounds were introduced in
the 1960s. PUR sealing compounds often
contain phrhalates as a softener (20-30 per
cent). To set sealing compounds, thixotro-
pic substances are added, often PVC (up o
20 per cent). Small quantities of organic tin
compounds are often used as a caralyst.

Freons (CFCs = chlorofluorocarbons) can
be found in refrigerators, freezers, heat
pumps, and cooling and air conditioning
plants. CFCs have been used to expand cel-
lular plastic, e.g. extruded polystyrene (XPS)




in insulating sheets; as hard polyurethane in
insulating sheets, insulation for refrigerators
and freezers and as packing around windows
and doors; as well as for polystyrene foam
for acoustic insulation. Cellular plastic that
may contain CFCs is most often blue, red or
yellow and never complecely white. Regula-
tions about CFCs and halogen, etc. regulate
how to look after and destroy cooling equip-
ment/appliances. Since 1995, refrigerators
and freezers must be removed and destroyed
in a controlled manner to avoid release of
CFCs into the air.

Paint, varnish, solvents, sealants and glue
often conrain environmentally hazardous
substances such as solvents, emulsifiers and
softeners. Cans containing leftover paint
and similar products are considered hazard-
ous waste and should be sent for destruction.
Wood products painted with environmen-
tally hazardous paint should be combusted
in special facilities. Meral products with a
PVC (Plastsol) surface treatment cause a
waste management problem because diox-
ins form during remelting. Leftover paint
and varnish are separared into special con-
tainers. Solvents are separated our and dealt
with on their own, as is lefrover glue, They

&by /o
Sl

are all deposited at recycling stations to be
sent for destruction.

Polluted land occurs mainly around and
beneath industries, workshops, vehicle
management facilities and heating plants.
Polluted ground can contain oils, heavy
metals, etc. When the levels are high, the
ground is classified as hazardous waste. A
pollution analysis should be carried out be-
fore measures are taken in order to derer-
mine the proper way ro proceed.

Pollured land should be decontami-
nated on site using biological methods, soil
washing or thermal treatment after receipt
of a special permit, or taken away to a spe-
cial landAll.

Impregnated timber is found in duck-
boards, piers, suspended foundarions, roof
trusses and joists, and other wooden con-
structions where there is a risk of decay. Im-
pregnating agents used include CCA agents
(chromared copper arsenate), which conrain
oxides of copper, chromium and arsenic.
Organic tin compounds such as triburyl-
tin oxide and tributyltin naphthenate were
previously used as impregnating agents for
window casements. Boron and phospho-
rus are also used in wood preservarives.

Leftover oil,
diesel oil

Sealing compounds

Solvents <o

At constructlon and demolition sites, hazardous wasie should always be separated out and speclally handled. It can
be ditflcull 1o determine which waste Is hazardous. At new construcilon sites, wall filler, glue, paint, solvents, leftover
oll and seallng compounds are types of hazardous waste thal may be presant.
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In the past, creosote oil was used, especially
in railway ties and telephone poles. Between
1963 and 1978 much rough-sawn timber
was dipped in fungicide made of pentachlo-
rophenol. Impregnated timber is sent o
special facilities for combustion. Timber
damaged by dry rot or timber-destroying
insects also needs to be incinerated.

Cadmium has been used as a stabilizer or
pigment in plastic material (mostly during
the 1960s and 1970s). Plastics in bright
shades of yellow, orange and red were often
based on cadmium pigment. Use of cad-
mium as a pigment is now prohibited, bur
materials containing cadmium may still be
imported. Cadmium is present in nickel-
cadmium barteries (NiCd).

Mercury is found in electronic components
and measuring inscruments. The sale of
mercury has been prohibited for some time
bur older thermometers, thermostats, level
monitors, pressure gauges, door bells, alarm
equipment, hot water heaters, older freczers
with lights that turn on auromarically, and
pressure controllers may still contain mer-
cury. Mercury may also be found in elec-
tronic switches and contacts, €.g. in timer
switches and relays, as well as in mercury
lamps and Auorescent tubes. Devices con-
taining mercury are considered hazardous
waste and should be dealt with according to
local by-laws. There are currently facilities
that deal with fluorescent tubes and recover
the mercury. If cerrain activities were lo-
cated in a building, e.g. a dentist’s pracrice,
amalgam containing mercury may have
accumulated in the sewage system.

Oil wastes come from oil cisterns, hydrau-
lic fluid ranks, lift motors and other motors,
lubrication ocils, fuels, transformer oil and
used oil. Older cransformers may contain

oil with PCBs. The oil should be analysed

4.3 EXISTING BUILDINGS |

4.3.3 DECONTAMINATION

by certified decontamination companies
before it is destroyed.

PCBs were first used in the building sec-
tor in the 1950s and peak use was reached
in the 1960s. Use of PCBs were prohibited
in 1972, but it may be present in build-
ings constructed before 1975. Buildings
may contain polysulphide-based sealing
compounds containing PCBs (up to 30 per
cent) used to join wall panels and to seal
insulating glass panes. PCBs were used as
a softener in plastics, varnishes and paints
and in slip-proof floors with quartz sand
(called acrydur fooring). PCBs can also
be found in condenser oil in washing ma-
chines, oil burners, and fluorescent tube
fittings and eransformers. According to the
law, some building owners must make an
inventory of their buildings with regard to
the presence of PCBs and report on the in-
ventory as well as measures planned. The
Swedish Environmental Protection Agency
and some municipalities have instructions
on how this should be carried out.

PVC (polyvinyl chloride) plastic is the plas-
tic that has been used the most in the build-
ing sector, and accounts for GO per cent of
the total plastic used. Rigid PVC is used
for wall panels, boarding, ceilings, window
casements, profiled mouldings, skirting
boards, cover plates, cable housings, pipes
and fitrings. Softened PVC is used in car-
pets, cable insulation, insulating tape, seal-
ing plugs, sheer meral coatings, barrier lay-
ers for insulating and wall panelling. The
problems with PVC are the chlorine (rvc
is the greatest source of chlorine in waste)
and the additives. The environmentally
hazardous addirives most discussed are lead,
brominated flame retardants, phthalates,
chlorinated paraffins and organic tin com-
pounds. Early imported plastics or PVC

may also contain cadmium.



