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Introduction

There is overwhelming scientific evidence that environmental problems, including
climate change, are a serious global threat, demanding an urgent global response.
Many researchers and analysts warn that we have only a few decades in which to
achieve sustainable development, to prevent catastrophic environmental changes. The
design and methods of construction of our built environment — our homes, workplaces
and cities — have an enormous impact on both the global environment and locally on
the communities that inhabit them. Creating a sustainable built environment is
therefore a crucial part of the transformation needed to achieve true sustainability.

Environmental Changes
and Impacts

Human activities and the technologies we
use can cause many problems. Our extensive
use of fossil fuels and hazardous chemicals
pollute the atmosphere, water and soil — the
essential commodities for our survival. Burn-
ing of fossil fuels discharges carbon oxides
(CO), sulphur oxides (SO) and nitrogen
oxides (NO,), which affect the climate and
the ozone layer, and contribute to acidifica-
tion of soil and water. Many current human
activities, including the burning of fossil fu-
els and massive deforestation, cause increased
CO, and other ‘greenhouse gas’ levels in the
atmosphere. This creates the enhanced green-
house effect, heating up the average global
temperature and causing climate change.
Calculations show that a temperature in-
crease of 1.6-6°C is possible, which would
lead to a 15-100cm rise in ocean water levels.
There will be a shift in climatic zones over a
large part of the Earth. Extreme weather con-
ditions such as storms, floods and drought
will become more common. The social and
economic impacts of climate change could
be huge. In 2006, Sir Nicholas Stern, former
Head of the British Government Economic
Service and Adviser to the Government on
the economics of climate change and devel-
opment, wrote a report on the economics of
climate change. He reported that stabiliza-
tion of CO, levels requires that annual emis-
sions be brought down to at least 80 per cent
below current levels. The cost of action was
estimated to be limited to around 1 per cent

of global GDP each year if adequate action
were to be taken immediately. Since then,
Stern has revised this up to 2 per cent of
GDP because global warming is happening
faster than previously predicted. If no action
is taken, the cost could be between 5 and
20 per cent of GDP each year, now and for-
ever. And it will be difficult or impossible to
reverse the changes.

Populadon growth and our over-
exploitation of resources also cause massive
problems. Itis currently believed that oil reserves
will last for 30 years, natural gas reserves for 70
years and coal reserves for 250 to 300 years.
Fresh water is scarce and unequally distributed,
groundwater reserves are being used up, and
water is being polluted so that it is undrinkable,
meaning that water management will very soon
be one of the world’s greatest problems. Arable
land is a limited resource: fertile topsoil is being
lost because of erosion and agricultural land is
being destroyed by salinization, water logging
and the building of cities on arable land. The
seas and oceans are heavily over-fished; without
a decrease of current fishing, many fish stocks
will disappear. Considerable deforestation is
taking place in many parts of the world, espe-
cially in the tropical rainforests. Biological and
genetic depletion is increasing both on land
and in the water. Cheap fossil fuels have made
possible a growth in population that is with-
out historical precedent. According to predic-
tions, the global population will increase from
6.7 billion in 2007 to 9 billion in 2050.
How large a populaton can our Earth
support?
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Sustainable Development

The 1987 Brundtland Commission’s re-
port, Our Common Future, at the request of
the United Nations, established an ethical
principle that should be self-evident: “We
must satisfy our generation’s needs with-
out destroying the opportunities for future
generations to satisfy their needs.” It was the
Brundtand Commission that launched the
concept of ‘sustainable development’. The task
the United Nations gave to the countries of
the world was to merge technology, eco-
nomics and sustainable development with
a new lifestyle based on equity. It is thus a
question of ecological, economic and social
sustainability. Human survival and human
welfare may depend on our success in trans-
forming principles of sustainable develop-
ment into a global ethic: ‘thinking globally
and acting locally’.

Conventional economic practices take
no account of vital natural assets that have
no monetary price, such as clean air, clean
water, nature, etc. A country’s wealth and
well-being is typically judged by its GNP.
A re-evaluation of the GNP concept, where
negative environmental effects are included
as minus amounts in a country’s welfare — a
green GNP — would be a better measure of
national economic development.

In Balance with Nature

Planning a sustainable society requires a ho-
listic approach in which we learn from and
cooperate with nature. Our planet and its
ecosystems is a complex whole where plants,
animals, people and micro-organisms all
form an integral part: everything is connected
to everything else, nothing disappears, every-
thing must go somewhere. We can take from
this some fundamental principles for envi-
ronmental sustainability, including: renew-
able resources must be managed in a sustain-
able way; non-renewable resources must be
recycled; air, water and soil need to be kept
clean and biodiversity has to be maintained.

INTRODUCTION

Lifestyle

Transition to sustainable technology and
renewable energy sources is not enough
to achieve sustainable development. We
also have to change our lifestyle. There is
a huge difference in lifestyle and resource
use between poor and rich countries, and
between poor and rich people within coun-
tries. If all of the people in the world had a
lifestyle similar to the average person in the
European Union, four planet Earths would
be needed to satisfy everyone’s energy and
resource needs.

Western lifestyles result in consump-
tion of energy and resources in three main
sectors: transport, food and housing. To
achieve a sustainable society we have to
change how we travel, eat and live. This
includes using less petrol, eating less meat,
living in energy-efficient buildings and
changing our focus from quantity to qual-
ity, from material consumption to non-ma-
terial well-being.

Sustainable Building

A very large proportion of the energy used
in the world, and the greenhouse gases that
are released from this energy use, is con-
nected to the building sector. It is clear that
no move towards sustainable development
can go ahead without radical changes in
architecture, construction and spatial plan-
ning. We are now seeing a huge drive to
conserve energy, increase efficiency and cre-
ate zero-carbon buildings, all of which are
vital in reducing the environmental impacts
of buildings. But building sustainably must
also take a broader approach, including the
whole impact of a building — on the envi-
ronment, people’s health and social well-
being — throughout its whole lifetime. In
order to build truly sustainable buildings
and cities, architects and planners need to
think holistically and have a comprehen-
sive grounding in all aspects of sustainable

building.




This Book

A Holistic Perspective
and the Tree Structure

This book provides the knowledge required
to understand what is involved in planning
and building sustainably. Our thesis is that
sustainable planning and building requires a
holistic perspective based on a comprehensive
and integrated approach, and an understand-
ing of the different parts that are important for
the whole. Our tree, presented on the inside
cover of the book, represents the whole, and
the branches and canopy of leaves represent the
interconnected components. The tree is a tool
that not only illustrates the holistic perspec-
tive but also the structure of this book.

Professionals working with sustainable
planning and building must understand the
whole, be able to break down the whole into
its parts and learn about the full range of com-
ponents. Once knowledge is acquired about
the various components, they can be used to
construct new wholes. The tree structure can
be used as a checklist in this process.

The book is based around four funda-
mental aspects, which form the four main
chapters, or branches, of the book:

1 Healthy Buildings: Constructing healthy
buildings is achieved through choosing
materials that are suitable from the per-
spective of health and the environment.
Services should provide a healthy and
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comfortable interior climate. Technical
workmanship should avoid problems
with moisture, radon and noise, as well
as facilitating cleaning and maintenance.
Environmental goals guide the entire
planning and building process.

2 Conservation and Efficiency: Conserving
resources is achieved by making build-
ings that use resources efficiently, where
heating needs and electricity use are mini-
mized and water-saving technologies are
used. The amount of waste is reduced, and
waste is separated into different categories,
to be composted, recycled or reused.

3 Ecocycles: Closing ecological cycles is
achieved by producing heat and electric-
ity using renewable energy. Sewage sys-
tems are designed so that nutrients can
be recycled. To ensure that organic ma-
terial from waste and sewage is returned
to arable land, vegetation and cultivation
must be integrated with settlements.

4 Place: Adaptation to local conditions
means that a site must be studied with
respect to nature, climate and commu-
nity structure, as well as human activities.
In order to achieve harmony with nature
and for people, the conditions of the site
must be used as the point of departure for
planning. Existing development is made
use of and environmentally adapted.

A normal Swedish
family’s energy use.
Architect Hans Eek, who
works in Gothenburg
and lives in Alingsas,
has analysed his family’s
energy consumption
pattern. The energy use
can be roughly divided
into three: how we
transport ourselves,
what kind of houses we
live and work in, and
what we eat.

INTRODUCTION
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The Natural Step Framework’s definition of sustainability includes four system conditions (scientific
principles) that must be met in order to have a sustainable society.

To become a sustainable society we must ...

1. eliminate our contribution to the progressive build-up of substances extracted from the Earth’s crust —
for example, we must not take heavy metals and fossil fuels out of the earth and systematically distrib-
ute them throughout the world in a way that causes damage.

2. eliminate our contribution to the progressive build-up of chemicals and compounds produced by so-
ciety — for example, we must not produce stable organic toxins (chemicals) like dioxins, PCBs, and DDT
and systematically distribute them throughout the world in a manner that causes damage.

3. eliminate our contribution to the progressive physical degradation and destruction of nature and
natural processes — for example, we must not systematically extract more from nature than the rate of
re-growth allows. With regard to forests, plants, fish and animals, we should live on the interest (ad-
ditional natural growth) and not on the capital (deforestation).

4. eliminate our contribution to conditions that undermine people’s capacity to meet their basic human
needs — for example, as the Earth is a planet with limits, and the population is growing we should con-
serve resources and strive for a just division. The more people there are who squander resources, the
larger the number of people forced to live in poverty.

Xii

Varied International Knowledge
and Experiences of Sustainable
Planning and Building

Interest in sustainable planning and build-
ing has grown with rising oil prices. The
increased understanding of climate change
and environmental problems in general, and
corresponding knowledge about how to plan
and build in a sustainable manner, have im-
proved over the last 30 years. However, this
expansion of knowledge has varied in differ-
ent parts of the world and is often poorly
communicated between different countries
and regions. As environmental problems
become increasingly apparent, we believe
that the knowledge developed in different

regions needs to be combined and utilized.

INTRODUCTION

In this book we present approaches and
experiences from around the world with
a focus on those from Scandinavia, our
home region, in which we have worked
for 35 and 15 years respectively. We have
compiled information from a wide range
of literature and research reports, many of
which are unavailable in English. During
this work we have developed a structure
that shows the complexity of the issue and
we have organized this book by that struc-
ture in order to guide the reader through
the different parts of our holistic approach.
Our aim has been to bring together the
necessary knowledge to enable others to
plan and build sustainable buildings for a
sustainable future.




Healthy Buildings

A building influences
the well-being of those
who spend time in it. A
building can be called
the third layer of skin,
and clothes are the
second.

Source: De siste syke hus
(The Last Sick Buildings),
Bjorn Berge, 1988
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Building healthy buildings deals primarily with the i
how to construct buildings that people feel good in

I Building Healthy Buildings

nterior environment, i.e.
, but also how to do so

without adverse effects on construction workers and the environment. In
some climates people spend more than 90 per cent of their time indoors.
This means, of course, that people are highly influenced by the buildings they

live and work in. This concept can be compared w
wear and how their characteristics greatly influenc

Healthy Construction Materials —

Choosing Materials From Environmental and
Health Viewpoints

Construction materials are described here according
to their chemical content and their influence on the
environment from a life-cycle perspective. A general
assessment is given of materials that have the least
impact on environment and health.

Supply -

Choosing Services for Ventilation, Electricity
and Water

Which supply options should be chosen to get a
comfortable interior climate with pleasant warmth
and low electromagnetic fields, and how can a build-
ing be protected from water damage? How should
ventilation, electricity and pipework systems be
designed?

Current Problems

During the last three months
(Answer gach question even

Fatigue

2| Irritated, stuffed up oF runming nose
w-20| Hoarseness, dry throat
1-2z| Cough

Questionnaire for survey-
ing peoples’ experience
of the interior climate.

Dry or reddenad facial =kin
n | Flaking/ichin he
Dry, ltchy, red skin on th

Source: Orebro Lanslasarett
(County Hospital), Kjell
Andersson et al

Other

ith the kind of clothes we
e us and our well-being.

Design -

Choosing Good Design for Resource
Conservation and Well-being

Even with healthy materials and good supply sys-
tems, things can go wrong if the design isn’t right.
How can problems with moisture, radon and noise
be avoided? How can building design achieve ease
of cleaning and maintenance?

Implementation —

How the Chosen Environmental Aims

are Achieved

Building sustainably requires new knowledge, better
coordination and environmental management so that
consideration for the environment is not lost along
the way. New routines are needed at construction
sites, together with a different attitude to construc-
tion waste.

Yes, ofte No,

Never

: Yes
(very week) occasionally

n

5]

O 0 | O
Ol 0 0 0
] 0 0 0 0
O O O

SOUR R - 5 8
O O O m| 0
m| O O

O O O E %
O 0 | 0 O
0 Cl O 0

o O O O !%]I
O O J 0 0
O O W | O
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Environmental Impact

of Building Materials

Choosing the right material from an eco-
logical perspective is not always easy since
there are many factors to take into con-
sideration. Important aspects are how ma-
terials influence the interior climate (and
so the people who spend time there); how
materials impact the outdoor environment
in general; and how plants and animals are
influenced by the discharges caused by the
production and disposal of such materi-
als. Furthermore, there is also the issue of
the working environment for all those who
work producing materials, and undertaking
construction and demolition.

Sick Buildings

There has been debate about sick build-
ing syndrome (SBS) since the 1980s. The
number of sick buildings has increased with
time. It is important to try and understand
the causes of sick building syndrome so
that they can be avoided in future. About
10-30 per cent of modern buildings may
cause SBS. Those who spend time in these
buildings show one or more of the follow-
ing symptoms: eyes/nose/throat irritation,
throat infections, sinus infections, a feeling
of dryness in mucous membranes, dry lips

Working Environment

and skin, itchy face and scalp, skin redness,
eczema, fatigue, lack of concentration, nau-
sea, headaches and allergy problems.

It is not possible to confirm that a
building is sick by using technical measure-
ments. Peoples’ experiences and problems
are used as the basis for judgements. At
Orebro County Hospital (Kjell Andersson,
et al) a suitable interview model has been
developed to determine whether a building
can be regarded as sick. First, people fill in
a specially formulated questionnaire about
their experiences of the interior climate.
Then the answers are presented graphi-
cally in ‘roses’, one for environmental fac-
tors and one for problems and symptoms
experienced.

Qutdoor
environment

Work
environ-
ment

Indoor
environ-
ment

When choosing
materials from an
environmental point
of view, it is impor-
tant to weigh up a
material’s impact on
the outdoor environ-
ment together with its
impact on the interior
environment (the
health of users), as
well as on the work-
ing environment.

During the last three months have you been bothered by one or
more of the following factors at your workplace? (Answer each question
even If you haven't felt botherad!)

Yes, often Yes Nao,
(every week) occasionally never
(2} @)

5 | Draught

= | Room temperature too high
' | Varying room temperature

Room lemperature too low
Stuffy (“bad") air

Dry air

4 | Unpleasant odour
5 | Static electricity so that you get shocks easily
Second-hand tobacco smoke

i | Noise
s | Light that is too weak or causes glare and/or reflection
+ | Dust and dirt

Ooo 000 ooo baa
000 OO0 OO0 ood

a0 000 000 ood
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Causes of Sick Buildings

Much is known about why buildings make
people sick or cause difficulties:

* poor materials (release of chemical emis-
sions, fibres or allergens);

ventilation (relative humidity,

* poor
temperature, odours);

* moisture problems (poor construction,
carelessness, insufficient drying times, etc.);

* clectric and magnetic fields (wiring,
appliances, metal, etc.);

* problems with the ground (radon,
moisture);

* disturbance from the surrounding environ-
ment (traffic, noise, air pollution, etc.);

* inappropriate use (use of chemicals, more
showering than a waterproof area can

handle, smoking);
* insufficient cleaning and maintenance;
¢ lack of comfort;

¢ Jack of architectural attractiveness.

I HEALTHY BUILDINGS
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The results from an interview survey of a
suspected sick building are compiled in ‘rose’
figures.

Source: Orebro County Hospital, Kjell Andersson et al
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This figure shows examples of construction
materials chosen by the municipal housing
company in Vadstena. Buildings are made

. of solid lightweight concrete, insulated with
| cellular glass in the foundation under a con-
crete slab and with cellulose fibre in the loft.
Floors are made of wood and interior walls of
gypsum. Clay tiles are used on the roof and
limestone is used for the window sills. Bath-
rooms have tile and expanded clay surfaces.
Interior wooden partitions have solid wood
frames covered with hardboard. Coconut
fibre is used for packing around the windows.

1.1 Materials and Construction Methods

It is difficult to choose the right material since a lot of knowledge is required. For example,
knowledge of chemistry is needed since chemicals influence health and the ecosystem.
Furthermore, information is needed about resource consumption and the environmental im-
pact of materials in production and use. The environmental impact of a material from cradle
to grave can be measured using life-cycle analysis (LCA) and reported in the form of an en-
vironmental profile. Some analysts study materials from cradle to cradle, as nothing should
be wasted in a sustainable society. The next problem is to consider all the facts and make a
judgement. It is a matter of understanding how a material influences the interior environment
and the health of users, how management of the material influences the health of construc-
tion workers, as well as how use of the material impacts the ecosystem.




1.1.0 | Selection of Materials

In order to evaluate a material it is necessary to know what it contains, how it is made,
the quantity of resources used, the emissions released, how much and what kind of
energy is used in production and transport, and what the resulting residues are. This
means that access to product information documentation (environmental declarations)
is required. This can be difficult to obtain and is not always complete. Similar materi-
als may have different contents and different production processes. In order to make a
good environmental choice, it is not enough to know the impact of a material type, the
impact of the specific product must be to hand.

Construction Material
Specifications

The specification of a construction material
should include the following:

* material name, short description and area
of use;

* producer and supplier and their environ-
mental policies and environmental man-
agement systems;

* declaration of ingredients, noting any
recognized hazardous substances and
environmental labelling.

1 Input materials — resource consumption:
Raw materials and additives and in what
amounts. Emissions to air, water and land.
Creation of hazardous waste. Are recycled
materials included? The sum total of energy
used (raw and recycled materials). Source
and method of transporting raw materials/
ingredients. Type of energy source used
(renewable or non-renewable).

2 Production — production process: Type
of energy source, energy consumption,
energy quality, emissions to air, water
and land. Are residual products created,
and if so are they used in other produc-
tion? Is hazardous waste created?

3 Distribution — finished construction mate-
rial: Production location/country, method
of transport, forms of distribution, type of

I HEALTHY BUILDINGS ‘ I.I MATERIALS AND CONSTRUCTION METHODS

packaging, does the producer take back
the packaging material?

4 Construction phase — building process:

The need for equipment and machines.
Document the need for consumable
supplies for the building process. Emis-
sions to air, water and land. Are hazard-
ous wastes created? Are there any cus-
tomized materials? Are leftover materials
taken back?

5 Use phase — operation, maintenance:
Operation, energy source, materials nec-
essary to maintain function and charac-
teristics during the use phase (e.g. clean-
ing compounds and lubrication oil).
Maintenance (surface treatment, filters,
parts that wear out, etc.). Life.

6 Demolition — dismantling: Ease of dis-
mantling. Does the product require spe-
cial measures for protection of health and
the environment?

7 Residual products — reuse, recycling:
Can the residual products be reused, the
material recycled or energy extracted
from it? Emissions during combustion?

8 Waste products — dumping: Emissions
to air, water and land during dumping,.
Should the waste be managed according
to hazardous waste regulations?

9 Inner environment — interior environ-
ment: Ingredients contain substances

I.I.0 SELECTION OF MATERIALS




Declaration of Ingredients

Material Proportion, Classification Einecs-no CAS-no
weight/per cent

Butane [<0.1 % 1,3- 1-15 F+;R12 203-448-7 106-97-8
butadiene (203-450-8)]

Dimethylether 1-15 F+;R12 204-065-8 115-10-6

Propane 1-15 F+;R12 200-827-9 74-98-6

Metylene difenyl diisocyanate ~ 30-60 Xn;R20 Xi;R36/37/38 - 9016-87-9
polymer R42/43

Chlorine-paraffin C14-17 10-25 - 287-477-0 85535-85-9

Source: Part of a product information sheet. The declaration of ingredients is for a joint filler from Wrth.

hazardous to health that have CAS
(Chemical Abstracts Service) numbers.
Requirements for storage and carrying
out work in order to avoid negative ef-
fects on the interior environment. Emis-
sions and odours from the building it-
self. Requirements for the surrounding
materials.

The following threshold values are used for
substance declarations:

* in general 2 per cent by weight;

* 1 per cent by weight if the product con-
tains substances that are health hazards,
corrosive, irritating, allergenic or carci-
nogenic, or a mutagenic toxin, and the
same applies to substances hazardous to
the environment;

* 0.1 per cent by weight for very poisonous,
carcinogenic substances, mutagens or
reproductive toxins.

Comparisons During Operation

The environmental impact of cleaning and
maintaining a material must also be evalu-
ated. A floor, for example, can have a great-
er environmental impact over its life from
cleaning methods than from its production,
transport, etc. There are no maintenance-
free materials.

I HEALTHY BUILDINGS
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Product Information

It is best is to obtain a product environ-
mental declaration from the supplier. Some
countries are creating their own product
databases, where products are checked
against a list of the worst chemicals. In Swe-
den a number of large owners and develop-
ers have agreed on a standard and a system
called Byggvarubedimningen (Building Sup-
ply Assessment) (www.byggvarubedomnin-
gen.se). The Building Supply Assessment
database includes environmental assessments
for the most used products and goods in the
property business. Folksam insurance com-
pany and the private company SundaHus
Miljédata from SundaHus in Linképing AB
are other examples of databases. The data-
bases list whether or not a building product
contains dangerous substances of a particular
class and amount. To a large degree they use
the European Union’s REACH regulations
and the Swedish Chemicals Agency recom-
mendations. Large construction companies
may also have their own product databases,
but the problem with these is that they all
have different bases for evaluation, so it is
difficult to understand how the evaluations
were arrived at, and access fees are expensive.
The long-term ambition should be to have a
national product database for the construc-
tion sector that includes product environ-
mental declarations.

I.I.0 SELECTION OF MATERIALS




Environmental Labelling
Environmental labelling is a system that
guarantees that a product or service fulfils
certain environmental standards. An en-
vironmental label does not certify that a
product is good for the environment, but it
often causes less environmental stress than
similar products that don’t fulfil the stan-
dards.

The currently established environmental
label, the EU flower, so far only applies to
a small number of products. Criteria have
been determined for indoor paint and var-
nish (see Paint and Surface Treatments),
hard flooring, textiles and mattresses. Some
other national systems have been in existence
for over ten years and are widely used.

The fair trade symbol is an interna-
tional symbol indicating that the company
behind the product respects human rights
and ensures a good working environment
for employees. Workers and growers re-
ceive a fair wage for the work they do. Such
companies oppose child labour. Organic
growing is encouraged, and democracy
and the right to organize are promoted.

Most labels do not cover building mate-
rials and so few are labelled. The Swan label

is the most important environmental label
in Scandinavia, used on houses, furniture
and hotels, among other things. Nature
Plus is an international environmental or-
ganization whose aim is the development of
a culture of sustainability within the build-
ing sector. To this aim the association has
developed a label to enable future-oriented
building products to reach a far stronger
and sustainable market position. Oko Test
in Germany is a consumer magazine that
tests different products, among them build-
ing materials. They have a good reputation
and producers use the Oko Test label if
they are best in test. IBO (Osterreichisches
Institut fiir Baubiologie und Baudkologi)
is a well-trusted label in Austria. The R-
symbol in Germany shows how much of
a product comes from renewable, mineral
and fossil sources. The Forest Stewardship
Council (FSC), which is the environmental
labelling organization for forests, has devel-
oped a set of regulations for timber. The
FSC logo identifies products that contain
wood from well-managed forests certified
in accordance with the rules of the Forest
Stewardship Council. Some Swedish label-
ling symbols in use.
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of Materials

Criteria for Selection

There are primarily two things to think of when choosing materials. How does the
material affect health and the ecosystem, and how does it affect resource use and
environmental damage? Regarding health, it is the emissions and chemical ingredients
that are decisive. Regarding resource use, environmental profiles produced using life-

cycle analysis can be examined.

Health Aspects

The idea behind methods used to deter-
mine health aspects is that the material
should not contain dangerous chemicals,
and above all should not release these to the
indoor environment.

Chemicals in the Building Industry

Global use of chemical substances has in-
creased at an explosive rate. As we use innu-
merable goods, chemicals are spread through
society and the environment: by waste in-
cineration, leaking rubbish dumps, leakage
from products, intentional spreading (pesti-
cides) and releases during production.
Itisimportant to rid the building industry
of as many unpleasant chemicals as possible.
Chemicals can present risks in many ways —
for example, the persistent bioaccumulative
and toxic (PBT) chemicals, substances that
are long-lived, accumulate in the body and
are poisonous. Well-known environmental
poisons such as DDT and polychlorinated
biphenyl (PCB) are in this group, as well
as brominated flame retardants. Chemicals
that are very long-lived and accumulate in
the body to a high degree are called vPvB
(very persistent and very bioaccumulative).
Substances that are carcinogenic, mutagenic
or reprotoxic are called CMR substances.
Long-lived organic environmental poisons
are referred to as persistent organic pollut-
ants, or POP substances. The latter group of

I HEALTHY BUILDINGS
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substances can cause nerve damage, behav-
iour disturbances, cardiovascular sicknesses,
kidney damage, hormone disruption, brittle
bones, cancer, foetal damage, reduced fertil-

ity and sterility.

REACH -The EU’s Regulatory
Framework for Chemicals

REACH stands for ‘Registration, Evalu-
ation, Authorisation and Restriction of
Chemicals’. The EU has developed a regu-
latory framework for controlling the use of
chemicals. All chemicals, new and old, that
are manufactured or imported in amounts
over 1 tonne require registration. Registra-
tion means that the industry is forced to
produce certain basic data. The industry it-
self is required to evaluate and make public
the risks of the registered chemicals. After
an evaluation, the authorities determine
if a substance can be distributed, is totally
banned or is authorized.

The registration requirement in article 7.1
of REACH applies to substances in goods
that meet all of the following conditions:

¢ the substance is intended to be released
under normal and reasonably predictable
conditions, and

¢ the total amount of the substance exceeds
one tonne per producer or importer per
year, and

¢ the substance is already registered for the
specific use.

I.I.I CRITERIA FOR SELECTION OF MATERIALS




Global use of chemicals
in 1959 (left) and 2000
(right). How such chemi-
cals influence health is
largely unknown. Effects
depend on how much
enters the body over
what period of time and
at what rate.

Source: The Swedish Society
for Nature Conservation

Gas Chromatogram  conarete a0 A+ o

The amount of the substance that should be
registered is the total amount found in all
goods produced or imported per company.

The Swedish Chemicals Inspectorate’s
‘PRIO’ (Priority Setting Guide) database
(in both English and Swedish), can help in
preparation for compliance with REACH.
Searching in the PRIO database can there-
fore give an indication of which substances
may be subject to the REACH approval

process.

e Ievalling comipownd [Thrae menths)

Trirmellylbefans

Bt fd B00 o 1000

Building materials contain different chemical substances and release a
portion of these to the interior air.

Source: Kjell Andersson, Ore
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Emissions

Construction materials release a number
of substances. Limits are only set for some
of them, and there is limited knowledge of
the combined effects of various substances.
Therefore, a simplified method measures to-
tal emissions (TVOC, total volatile organic
compounds). However, TVOC measure-
ments are no longer of interest, since even
materials known experientially to be healthy
give off emissions, such as newly baked bread
or wood. Now the emissions for individual
substances are measured instead. Emissions
from most materials decrease over time.

The Swedish Chemicals
Inspectorate’s PRIO Database

The legal basis for the PRIO database is in
the Environmental Code. In this context,
the most important parts are knowledge of
the contents, the precautionary principle
and the substitution principle. These regu-
lations are generally applied to producers,
importers, vendors and users of chemical
products and goods.

PRIO is made up of several parts,
including a database with more than 4000
chemical substances. PRIO divides sub-
stances into two priority levels: phased-out
and priority risk-reduction substances. Sub-
stances in the phased-out category have such
serious properties that they should not be
found in society, regardless of how they’re
used. They largely reflect the criteria that are
used as a basis for authorization in REACH,
the European chemical regulations.

Priority risk-reduction substances have
properties that should get special atten-
tion. The measures required for handling
a substance depends on which group it is
in. Priority risk-reduction substances must
always be evaluated according to their par-
ticular use. The PRIO database also in-
cludes practical tips, for example how to
make an inventory of chemicals and how
to estimate hazards and carry out a risk
analysis.
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Fifieen of the Worst Chemicals

Biocides (some preservatives and fungicides)
Brominated flame retardants

Bisphenol A — diglycidyl ether

Freons (HCFC, HFC)

Glue, paint, caulking compounds, wetroom silicone sealant
Cellular plastic, plastic in electronics, textiles
Epoxy, polycarbonate

Air-conditioning units, refrigerators and freezers

Phthalates PVC flooring, PVC-covered sheet metal, paint, glue, caulk-
ing compounds, cables, plastic coated fabric

Isocyanates Polyurethane, glue, caulking compounds, caulking foam

Isothiazolinones Glue, paint

Chlorinated paraffins Softeners in metal roofing sheet paint, softeners in plastic

4-chloro-m-cresol Preservatives in glue

Wood rosin Paint, linoleum

Methylethylketoxine Paint, caulking compounds

Nonylphenols, nonylfenol ethoxylate (alkylphe-  Paint, varnish, glue, caulking compounds, primers

nol) nonylphenol etoxylates (alkylphenols)

Organic solvents

Paint, caulking compounds

PCB Caulking and floor compounds, sealed glazing unit

Seven Environmentally Hazardous Metals

Arsenic, arsenic compounds

Lead, lead compounds

Wood protection agents and caulking compounds

Metal roofing sheets, window frames, pipes, stabilizers in hard PVC,

light bulbs, and heating, water and sanitary fittings

Cadmium, cadmium compounds Surface treatments, stabilizers, batteries

Copper, copper compounds
Chrome, chrome compounds
Mercury, mercury compounds

Organic tin compounds

Weater pipes, metal roofing, wood preservatives, tanks
Surface treatments, pigments, and heating, water and sanitation fittings
Thermometers, fluorescent lights, batteries

Caulking compounds, stabilizers in plastic, PVC-covered metal sheets

Environmental Profiles

There are several systems used to describe a
material’s, a construction’s, or a whole build-
ing’s resource consumption and environ-
mental impact (sometimes called ecological
effects or ecological footprint). Creating
an environmental profile is a big task since
so many facts need to be gathered. Life-
cycle analysis is used, where every phase of a
material’s life cycle is studied. The amount
of energy and raw materials used, as well
as releases to air, water and land are inves-
tigated. Databases are drawn up to collect
relevant information in one place. It is im-
portant to use the same method for different
materials in order to make a fair comparison.
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The phases studied are production of the
material, making of the product, transport,
building, use and demolition.

Life-Cycle Analysis (LCA)

Life-cycle analysis is a method used to
examine a material’s external environmen-
tal impact. The amount of environmental
disturbance caused in the form of energy
consumption and releases to land, air and
water is calculated. A problem with life-
cycle analysis is that it takes much time,
and the result can be influenced more by
the production technique in question than
by the qualities of the material itself. In any
case, life-cycle analysis is a good tool for
improving a production process.
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The MIPS Model lation material is required. With the MIPS

The MIPS (Material Intensity per Sequence) model, a comparison can be made of the

model, which originated in Germany, ~[esource consumption of different materials

involves examining resource consumption, N order to achieve the same function.

i.e. how much organic and inorganic mate-

rial, water, air and land is required in the Natureplus

manufacturing process for each material, ~ Natureplus is an international organization

e.g. insulation. based in Germany that certifies building
In order to insulate a section of wall to  materials and household products according

a certain U-value, a certain weight of insu-  to strict health, ecological, functional and

lifetime criteria. Life-cycle analysis is also

used. At least 85 per cent of a product must

be made up of renewable raw materials, and

any minerals used must be in abundant
supply. There are strict rules for synthetic
materials and hazardous chemical substanc-
es. It is estimated that only 20 per cent of
products in certain categories are approved
for the Natureplus label.

| ®
The MIPS model shows use of materials for a certain functional unit. Shown

here is a comparison between two insulation materials in a wall with a naturepl us

U-value of 0.4W/m?K: cellular plastic (XPS = extruded cellular plastic) and No. 0000-0000-000-0
cellulose fibre (Isofloc). :

Source: Das Wuppertal Haus (The Wuppertal Building), Friedrich Schmiedt-Bleek The NaturePlus logo (see www.natureplus.org).
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The Danish Environmental

Profile Model =
The Danish Building Research Institute e
has a database called BEAT 2000, which %
contains life-cycle analyses (LCAs) of vari- ed
ous building materials. The environmental 26
profiles present resource and energy con- 24
sumption as well as environmental impact in 20
the form of greenhouse effect, acidification 45
and nitrogen load (CO_, SO_and NO). In -
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BEAT 2000

The environmental profile for a glass facade shows that large and
double-pane facades are very resource-intensive, partly due to the
use of aluminium sections.

Source: Arkitektur og milje — form konstruktion materialer — og miljopavirkning
(Architecture and Environmental Construction Materials — and Environmental
Impact), Rob Marsh, Michael Lauring, Ebbe Holleris Petersen, Denmark, 2000
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O Health effects
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TWIN

The dark columns show environmental impact
(0-3500) and this value (calculated according to a
mathematical model) takes into account use of raw
materials, pollution caused, waste, energy consump-
tion, life, etc. The light columns show the value for
how healthy a product is (0-3500). Health aspects
take into consideration physical and chemical im-
pact, biological effects, ergonomics and safety.
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1.1.2

Knowledge of Materials

It is valuable from an environmental perspective to gain knowledge of all types of
materials and how they function in various environments, both individually and together.
They can be divided into: organic materials such as wood and cellulose fibre; mineral
materials such as stone, concrete, glass and lime; metals; and synthetic materials such

as plastics.

Organic Materials

The term ‘renewable materials’ is sometimes
mentioned, meaning organic materials that
grow and are created with the help of so-
lar energy and photosynthesis. The basic
principle is that as long as use doesn’t ex-
ceed growth, these materials are preferable
from an environmental perspective. These
are primarily wood and wood products, but
also other types of natural fibres, from both
plants and animals.

Wood

From an environmental perspective, wood
is one of the best materials in almost all situ-
ations. It can be used in nearly all parts of a
building, from construction and insulation
to claddings, roofs and interior furnishings.
The main rule is that wood should not be
exposed to the ground and moisture, and
should this happen, it should be allowed
to dry quickly. Timber quality depends
on how it is grown, when and how a tree
is felled, and how the drying and manage-
ment takes place. There is a loss of quality
when a single species is cultivated inten-
sively. It is preferable to avoid impregnated
timber in favour of more environmentally
safe alternatives such as pine heartwood re-
peatedly treated with oil. There are meth-
ods that use heating and pressure treatment
of beech, ash and pine that preserve wood
to the same degree as conventional impreg-
nation. Imported timber should be FSC- or
PEFC-labelled, which is a guarantee that the

tree comes from environmentally adapted
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conditions. Mankind has a thousand years’
experience of living in wooden buildings
and knows that wood is a healthy material.
Initially, some kinds of wood, such as pine,
release a lot of terpenes, and time therefore
needs to be allowed for the emissions to
diminish. From an environmental perspec-
tive, increased use of local deciduous trees
can increase biological diversity of ground
flora, insects and birds. The most common
type of timber, and that most often used for
building, is softwood, derived from conifers
(usually pine and spruce). Deciduous tim-
ber (hardwood) is used mostly for floors,
interior furnishings and furniture, but al-
ternatives are possible.

Organic Fibre Materials

Paper and pulp are made from wood and
used in building in the form of wallpaper
and insulation. Cellulose fibre insulation is
made from either waste paper or new paper
pulp. Substances are added to counteract
micro-organisms, small animals and fire.
Fibres that are in principle good from
an environmental perspective include straw,
flax, coconut, sisal, jute, hemp, cotton, as well
as peat, sheep’s wool and cork. Possible uses
include insulation and matting. However,
aspects that should also be taken into con-
sideration when choosing a material are the
environmental impacts of transport, cultiva-
tion and production methods (such as spray-
ing pesticides on cotton). Straw bales can be
used to make buildings, straw can be used as
a roofing material, and is used in mixtures for
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building with clay. Flax is used to make in-
sulation sheets, as is hemp and sheep’s wool.
Coconut is a good packing material. Jute and
sisal are used for matting and wallpaper. Cork
is a good choice for sound impact insulation
in both flooring and insulation.

Alder is a tree whose timber can
be used for flooring, furnish-

ings and carpentry.

USES FOR DIFFERENT KINDS OF TIMBER

Roofing, boarded roofing, wood
roofing, shingles:

Heartwood of oak, pine and larch, as well as
aspen can be used untreated. There should
be ventilation from underneath. Tar extends
its life but at the same time increases the fire

hazard.

Exterior boarding:

The same timbers as for roofing, as well as
close-grained spruce.

Windows, outside doors:

Heartwood of oak, pine and larch as well as
close-grained spruce.

Construction:

Pine, spruce, larch as well as hardwood such as
aspen for studs and beams if relative humidity
during construction is kept low. For visible col-
umns and beams, some layers in glue-laminated
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wood; and for beams with low beam height,
deciduous trees such as ash, oak, elm, birch or
aspen can be interesting alternatives.

Flooring, hard:

Oak, beech, ash, elm, whitebeam, juniper
and sometimes maple.

Flooring, medium hard:

Larch, cherry, maple, mountain ash and
sometimes birch.

Flooring, soft:

Spruce, pine, aspen, alder, linden.

Interior panelling:

All types of wood can be used as available, if
the relative humidity in the room is constant.
Hornbeam is the least suitable, and caution
should be used with, among others, beech
and cherry if moisture levels are variable.




Ceiling:

The same as for interior panelling. Heavi-
er types of wood such as oak require good
anchoring. Most untreated woods yellow
over time. Aspen remains light and is suit-
able both untreated and painted. Spruce is
lighter than pine.

Mouldings:

The same as for interior panelling. Care
should be taken to obtain dry wood with
straight grain, preferably quarter-sawn.

Carving:
Linden and alder are easy to work with. Oak
and birch are harder and more durable.

Worktops:
Oak, elm and other types of wood if kept

away from water. Note however the risk of
staining and corrosion with oak.

Saunas:

Aspen, possibly alder for benches, floors and

panelling. Can go rather grey where water
is poured over them. Spruce for panelling
and flooring if this scent is desirable. Pine
releases resin.

Wetrooms:

Alder, oak, elm, pine, larch, possibly spruce

and aspen. Untreated wood goes grey on
contact with water when not dried quickly.
On other surfaces and with good ventila-
tion, more types of wood can be used. Note
the risk of staining and corrosion with oak.

A well-restored Aland-style windmill (post mill) at
Ortala works in Uppland, Sweden.

Wood fasteners:

For strong and tough types of wood, the same
wood can be used as that to be joined. Juniper,
lilac, mountain ash and blackthorn, among
others, provide extra strong bonding.

Windmills, post mills:

The post was made of oak so that it could
withstand weather and wind and be strong,
the building of pine, the blades of spruce
(since it is flexible). The mill wheel was
made of birch with cogs of whitebeam.

Minerals

Minerals are considered to be non-
renewable; however, many of them exist
in such quantities that they can be used in
construction without significantly affecting
the environment. What does affect the
environment is primarily energy consump-
tion during production and transport.
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Stone quarries and gravel pits do, of course,
scar the countryside.

Glass

Glass is made of quartz sand, soda or potash,
and limestone. Its melting temperature
is about 1400-1550°C. There are many
different types of glass. Old glass can be

recycled into new glass. Production of glass
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is energy-intensive. Mechanical fastening
should be used so that environmentally haz-
ardous caulking compounds are avoided.
Besides being used for windows and glass
partitions, glass can be used as thicker mate-
rial for bearing components and in hardened
foam form as insulating filler material.

Rock

Rock is most often good from an environ-
mental perspective provided that it comes
from a nearby quarry. Care should be taken
to avoid rock that requires lengthy transport,
or those few types of rocks that are radioac-
tive, as well as dust from rock preparation
(long-term inhalation can cause silicosis).
Crushed aggregate for concrete (macadam)
is the most frequently used material in con-
struction. Natural gravel should be used
sparingly as it is in short supply in many
places. Instead, concrete, brick and other
crushed rock can be used as a fill material.

Bricks

Bricks are made from clay. Clay is dried,
preheated and fired at 800-1100°C for
about three hours. Some types of high-fired
bricks are fired at 1100-1200°C. Brick
fired at sufficiently high temperatures so

that it sinters completely (fireproof brick)
is used mostly in chimneys and fireplaces.
Brick with a varying degree of high-firing
characteristics is available and it is best to
use brick which has been fired at as low
a temperature as possible. There are solid
bricks and hollow bricks. Additives such as
sand, sawdust or finely ground brick can
be added to minimize shrinkage during fir-
ing. When sawdust is added, it burns off
and leaves spaces that have an insulating
effect. Brick is, in principle, maintenance-
free. A new product is honeycomb brick.
Walls made with this are no thicker than
2-3mm. It is made of especially fine-pored
clay using thin cellulose fibres as porosity
builders. With honeycomb brick, insula-
tion values similar to lightweight concrete
can be achieved. Honeycomb brick has a
coefficient of thermal conductivity of A =
0.12W/mK. Porous hollow bricks have A =
0.20W/mK. Brick can be used as construc-
tion material, lining, and floor and ground
covering (pavers). There are also special
hollow brick block units that can be used
in ceilings or walls as well as in floor struc-
tures. Brick surfaces can be treated with
linseed oil (floors), can be polished, white-
washed or painted (walls).

Sand in th
hickwork

Concreta roaf fles

Saml in
the render |

Gravel in
the trench

Surface treatmant

Natural gravel or crushed aggre-
gate for concrete (macadam) are
the most frequently used materi-
als in construction. As natural
gravel is in short supply in many
places, construction that econo-
mizes on gravel can be used or
crushed concrete can be used.

Source: Bygningsmaterialenes Qkologi
(The Ecology of Building Materials),

e = Bjorn Berge, 1992
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Bricks can be reused after the mortar
(weak) has been removed. If brick is to be re-
used, quality control checks for compressive
strength, frost resistance and contamination
should be carried out.

Concrete

Concrete is composed of cement, water, ag-
gregate (usually gravel >8mm or macadam)

and various forms of admixtures. Current-
ly, radon levels in aggregate are checked.
There are many admixtures for concrete
such as components to accelerate or de-
celerate hardening, stabilizers, plasticizers,
air-entraining agents, water-reducing ad-
mixtures and solvents. Qualities to take into
consideration in concrete production are:
thermal qualities and thermal storage, sound

A drystone wall chapel from the
Middle Ages in Ireland.

Kingohusene: a brick residential
area by architect Jorn Utson, near
Helsingor, Denmark.
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insulation, frost degradation, reinforcement
corrosion, as well as moisture properties.
Most solvents are melamine-based and con-
tain formaldehyde. The addition of admix-
tures to concrete should take place in a closed
system if the materials would otherwise pose
unnecessary risks in the work environment.
In general it can be said that the contents of
admixtures should be examined before use
to avoid substances which are harmful to the
environment.

Concrete is heavy, stores heat well,
and has good sound-reduction properties.
It is fire-resistant, insulates poorly against
the cold, prevents moisture diffusion and
does not absorb moisture well. It takes a
long time for concrete to dry after casting,
which means that building with organic
material on concrete has to wait until the
moisture content falls below a critical val-
ue. Wet concrete is often a cause of sick
house syndrome. Finished concrete binds
admixtures and does not release them
into the air. Formaldehyde emissions can,
however, occur during the first weeks after
casting.

Expanded Clay Aggregate

Stephen Hayde invented and patented
the method of making a structural grade
lightweight aggregate early in the 20th cen-
tury. Expanded clay aggregate is made of
lime-deficient clay that is heated to about
1150°C in a rotary kiln. The clay expands
and small air-filled cells are formed in the
Haydite balls. At the same time the surface
of the ball becomes so hot that it sinters, in
other words it fuses and the ball becomes
covered with a dense ceramic shell. The
end product is a strong and durable light-
weight aggregate used in numerous types of
construction throughout the world. Hayde
named the product after himself. Although
the original patents have long since expired,
the term Haydite is used by several com-
panies in marketing their expanded shale
lightweight aggregate.
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Binding Agents

Many construction materials contain bind-
ing agents that have a significant effect
on the environment. It is not possible to
entirely avoid binding agents in construc-
tion, but their use can be minimized and
those which cause the least environmental
damage can be used. Cement production
is very energy-intensive. Lime is mined
in open pits and has to be burned, which
consumes a lot of energy. Gypsum (used
in plaster) is widely used in buildings, es-
pecially indoors. Clay is labour-intensive
but an environmentally friendly alterna-
tive. Asphalt is a residual product of the oil
industry. Adhesives, which are also bind-
ing agents, are described in the Adhesive
Compounds section.

Asphalt

Asphalt (bitumen) is a by-product from
the refining of oil. The products of (cata-
lytic) cracking, which contain appreciable
amounts of polycyclic aromatic hydrocar-
bons (PAHs), are suspected of being carci-
nogenic. On the other hand bitumen that
is ‘pure’ and distilled in a safe manner is
not considered to contain unhealthy com-
ponents. Research has shown it is only the
PAH fumes and aerosols that may be re-
leased when asphalt is heated that are injuri-
ous to health. Asphalt is used to impregnate
fibreboard, as an adhesive in placing cellular
glass panels, and as a coating on cellar walls,
floors, bathroom walls and ceilings, in order
to prevent moisture penetration.

Cement

Portland cement dominates the market and
consists of 64 per cent quicklime (CaO),
20 per cent silicic acid Si(OH),, 5 per cent
feldspar-bearing clay (AL,O,), 2.5 per cent
iron oxide-bearing clay (Fe,O,), and 8.5 per
cent other material such as calcium sulphate,
blast furnace slag, fly ash, oil shale, lime-
stone flour, pumice powder, bentonite, etc.
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These raw materials are ground down and
burned at a temperature of about 1500°C.
Cement has the property that, when mixed
with water, it hardens into a rock-hard
mass.

Cement production is very energy-in-
tensive and generates emissions of primarily
CO,, SO, and NO_ as well as small amounts
of mercury. The cement industry has there-
fore developed methods to minimize emis-
sions. Cement can contain small amounts
of chromium, about 0.01 per cent, as it is
naturally present in limestone. In order for
cement mortar to have a long shelf-life and
harden quickly, chemical additives are used.
Epoxy resin is an additive to be especially
avoided. It contains the carcinogenic sub-
stance epichlorhydrin. Furthermore, epoxy
resin is allergenic, an eye irritant, and inju-
rious to mucous membranes. People with a
chrome allergy should avoid direct skin con-
tact with cement. Globally, cement produc-
tion represents 7 per cent of energy require-
ments, a figure that could be reduced to 3
per cent solely through improved processes.

Gypsum

Gypsum has good sound-insulating and
heat-storage properties and also provides
good fire protection. Gypsum is especially
suitable for interior use for plastering, stuc-
co, in the subfloor and in plasterboard.
There are two main sources of gypsum:
natural gypsum that is mined and power
station (known as REA) gypsum that is a
solid waste from industrial desulphuriza-
tion of flue gases. A third source is phos-
phogypsum, a by-product of the phosphate
fertilizer refining process. REA gypsum has
properties similar to natural gypsum. Phos-
phogypsum, however, can contain danger-
ous heavy metals and naturally occurring
radioactive materials, and should therefore
be checked before use in construction.
Natural gypsum is made from gypsum
rock (anhydrite) which is composed of
calcium sulphates. Commercial quantities
of gypsum rock are found in Germany,
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England, Canada and the US. It is fired at
200°C, at which point water is forced out
and a gypsum powder (half hydrate) is ob-
tained. When the gypsum powder is mixed
with water, the mixture hardens and gyp-
sum rock (dihydrate) is reconstituted. This
process is used in the production of plaster-
board and gypsum plaster.

Lime

Lime is extracted by burning limestone,
which for the most part is mined in open
pits. When limestone is heated to 900°C, it
is reduced to quicklime (CaO). If water is
added to quicklime — a process that evolvos
much heat — it is transformed to slaked lime
(CaOH,).

Slaked lime mixed with water is used
to whitewash buildings and barns. It then
combines with CO, in air and turns back
to solid limestone. The classic plaster made
from only sand and lime is excellent as it
both absorbs and releases moisture and has
disinfecting qualities as well. Lime is used
as a binding agent in mortar, plaster and in
sandlime brick.

Cast houses were built using a histori-
cal technique where pieces of slag, crushed
brick or rock were cast together with lime
mortar in a mould. The lime mortar used
was a mixture of two parts unslaked lime
and one part sand. Later people discovered
that lime mortar could be thinned down
with more sand in order to conserve lime.
In lime-mortar houses, the mortar is com-
posed of lime and sand in a 1:4 ratio and
in sand-mortar houses, only 10 per cent
lime is used.

Clay

Clay is found almost everywhere in the
ground and consists mainly of aluminium
silicates. It has a long history as a construc-
tion material. When people talk about ‘earth’
houses, it does not refer to pure clay but a
clay and sand mixture (e.g. in a 1:2 ratio).
Such clay is used as wall material, mortar and
as plaster. It can also be called clay concrete
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as the clay functions as a binding agent and
the sand functions as an aggregate. Some-
times other materials are mixed into clay,
partly in order to increase its insulating
properties (e.g. straw, chopped straw, saw-
dust, or expanded clay — Haydite), partly to
improve its strength (twigs and branches,
flax waste or animal hair), and partly to
increase the material’s plasticity (e.g. cattle
manure or horse urine). Building with clay
is labour-intensive and should be done dur-

ing the summer when it is dry and warm
so that the construction dries out well. It is
important to protect the construction from
running water, which necessitates large roof
projections and a capillary break. ‘Earth’
houses have a good interior climate: they are
cool in summer and hold heat well in win-
ter. Clay has a very good capacity to buffer

moisture, so that clay buildings enjoy stable Z:::e;sor
and comfortable humidity conditions. Minkes’ own
There are several techniques for build- house, built
ing with clay. The method chosen depends ;‘;::Z’ "
partly upon the character of the clay and Germany.

partly upon local tradition. Rammed earth
houses (pisé) have load-bearing walls of thin
clay compressed into formwork. When one
part of the wall is compressed, the form-
work is moved so that the next part can be
built. In cob houses, weight-bearing walls
are built without moulds, using thick clay
that often has a little straw and some small
stones added. Adobe houses are made by
producing unburned brick in moulds, or

Constructing buildings of clay is com-
mon in many cultures around the world.
Clay can store both heat and moisture
and is an inexpensive, environmentally
friendly material.

Source: Drawing from Klaus Schillberg, Heinz
Knieriemen, Naturbaustoff Lehm, 1993
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Adobe wall in Hus Torkel, Kovikshamn
(Bohusléan), Sweden. As the wall faces a
bathroom, the bottom two rows are fired
brick in case of water leakage.
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‘loaves’, which are dried in the sun. The sun-
dried clay brick is laid with clay mortar to
build walls and roofs. The wattle-and-daub
method of house construction consists of a
load-bearing wooden framework interlaced
with a wickerwork of poles which is cov-
ered with clay on both the inside and out-
side. A clay mix with a high straw content
is called ‘light clay’. Expanded clay or other
insulating material which is mixed with clay
sludge composed of thick clay is known as
‘isolating clay’. Adobe that is compressed by
machine (compressed earth blocks) produc-
es stronger blocks. In Germany efforts are
being made to rationalize clay construction.
It is possible to buy clay plaster and clay
mortar in sacks, clay bricks by the pallet,
and sheet material made of clay reinforced
with reeds.

Clay mortar is weak and soft, which
means that it can expand and shrink
without cracking, and it is easy to dis-
mantle the construction and knock off the
mortar. That is why clay mortar is al-
ways used in tiled stoves. Clay mortar is
also used to build walls of sun-dried clay
bricks and to build cordwood or stove-
wood buildings.

Clay plaster is not only used in woven
wattle-and-daub construction. Clay plaster
is used both inside and outside to plaster
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buildings made of adobe or rammed earth,
and wattle-and-daub was commonly used
in the past inside log houses to make them
more wind- and watertight and to provide
a smoother surface for wallpapering. Interior
wattle-and-daub can also be used in concrete
buildings to improve the interior climate.

Adobe wall painted with casein paint, Hus Torkel,
Kovikshamn (Bohuslén), Sweden.
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Clay construction techniques have expe-
rienced a renaissance in the West, primarily
among self-builders. Usually processed clay,
mixed with straw or expanded clay pellets
to increase its insulation properties, is used.

Metals

Metals should be used sparingly. Mining
creates scars in the countryside and
environmentally dangerous wastes. Metal-
lurgical processes put stress on the environ-
ment. Alloys and surface treatments result
in long-term environmental consequences
that are difficult to determine. Since the
discharge of metals into the environment
increases concurrently with society’s use
of metals, the level of metals in the soil
and sediments also increases. It is impor-
tant to reuse metals, especially aluminium,
which requires a great amount of energy to
produce (32,000-71,000kWh/tonne). If
aluminium is reused, the energy required is
only 5 per cent of that required to produce
new aluminium. The best metals from an
environmental perspective are iron and steel,
reused aluminium and in certain cases stain-
less steel. If metals are used outside, they are
subject to corrosion and must be protected,
otherwise valuable material is wasted. It is
important to try to minimize metal use or if
possible to use other construction materials,
such as laminated timber, ceramic materials
and concrete hybrids (see also Roofing).
Steel consists mainly of iron together
with small amounts of carbon, manganese,
phosphorus and sulphur. Steel is the metal
that requires the least energy to produce but
is subject to rust and must be protected with
a surface coating. Galvanized steel contains
about 5 per cent zinc. Galvanizing steel can
produce nickel, chromium, cyanide and
fluoride discharges. A problem with steel
as a load-bearing material is that it must be
covered, for example, with several layers of
gypsum, or painted with fire-resistant paint.
Fire-resistant paints are not environmentally
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friendly. Continuous steel structures as well
as welded mesh reinforcement and metal
studwork should be earthed in order to re-
duce the health effects of electromagnetic
fields.

Copper, zinc and chromium are listed
in the Swedish Chemicals Agency PRIO da-
tabase of priority risk-reduction substances
(of which reduction of use is recommended)
as they are highly toxic to aquatic organisms
and can result in harmful long-term effects
to the aquatic environment. For copper,
this is primarily in the ion form. Chromium
is also hazardous if breathed in and highly
toxic when exposed to the skin and when
ingested. Nickel can cause allergies and is
suspected of being a carcinogen. Brass is a
copper alloy, where copper is alloyed with
zinc. Other alloy substances can be found.
The most common however is brass, which
is made up of 60 per cent copper and 35
per cent zinc. Lead, chromium and nickel
may also be used.

Aluminium is fairly corrosion-resistant
but its production is very energy-intensive
and produces poisonous fluorine pollution.
Large amounts of environmentally del-
eterious red sludge is created. Aluminium
is made from cryolite and bauxite (a clay-
containing aluminium). Resmelting of
aluminium scrap metal is very common
today and some aluminium products are
produced from reused material. Only
aluminium components composed primar-
ily of reused aluminium should be used.
Aluminium use is growing faster than any
other metal used in our industrial society.

The Natural Step Foundation has
developed a consensus document about
metals. In summary, they concluded that
all use of metals involves a strain on the en-
vironment. Metals have varying degrees of
danger which can be determined from the
metal’s FCF (future contamination factor).
This compares the natural level of metals in
the Earth’s crust with the amount of metal
that has been extracted from deeper layers.
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The future contamination factor (FCF) of metals. Certain metals are worse than others, such as heavy

metals, e.g. copper and zinc.

Source: The Natural Step’s Consensus Document on Metals, 1993

Synthetic Materials

Synthetic materials do not exist naturally
but are human-made. Plastics are the most
used synthetic materials.

Plastics

Plastics are materials that are produced by
linking monomers together into long chains
or nets, which results in polymers. Mono-
mers are produced in the (catalytic) crack-
ing of crude oil and natural gas. About 4 per
cent of the total crude oil and natural gas
production in the world is used for plastic
production. Polymers are mixed with ad-
mixtures to achieve certain properties.
Plastics with brominated flame retardants
should be avoided.

Admixtures (additives) are made of a
number of substances in order to provide
plastic with different properties. Examples
include fillers, colour pigments, harden-
ers, catalysts, accelerators, inhibitors,
antioxidants (ageing protection), soften-
ers, ultraviolet (UV) or heat stabilizers,
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flame retardants, anti-static additives and
blowing agents. Plastic properties are de-
termined primarily by the arrangement
and chemical structure of the constitu-
ent polymer, but admixtures can influ-
ence these properties. Admixtures are one
of the greatest problems with plastics,
partly because they can be stable, xeno-
biotic substances and partly because they
can be health hazards. Furthermore they
complicate reuse of plastics. In fact it isn’t
sufficient to sort plastic according to plas-
tic type. Knowing which admixtures the
various plastics contain is also important.
During plastics production, solvents,
lubricants and mould-release agents are
used in the handling process.
Thermoplastics, which are mouldable,
are based on polymers that are either lin-
ear or forked. Heating makes it possible for
these polymer molecules to move in relation
to each other, which means that the plastic
softens and can be moulded. With cool-
ing, the molecules are again bound close-
ly to each other and the plastic hardens.

I.1.2 KNOWLEDGE OF MATERIALS




In principle, thermoplastics can be repeat-
edly melted and reformed (theoretically)
and are therefore well suited to recycling.
However, today’s plastics are difficult to
sort and present-day plastic material can be
reused a maximum of 4—5 times.

In thermoset plastics, the polymers are
bound together in large, three-dimensional
meshes. The grade of the mesh, close or
coarse, determines the possibility and de-
gree of deformation. Cross-linking takes
place during hardening which is done using
either heat or chemicals. Because of their
mesh structure, thermoset plastics do not
soften but break into pieces when tempera-
tures exceed a certain level. Thermoset plas-
tics are therefore not suitable for recycling
but can only be used for energy extraction
through incineration or consumption.

Some Common Plastics

The most environmentally friendly plas-
tics are those with simple carbon-hydrogen
compounds such as polyethylene, poly-
propylene and polyolefine. LDPE (low-
density polyethylene) has no additives and is
often used to package foods. HDPE (high-
density polyethylene) has additives, is not
decomposable, but can be incinerated.
Polyolefines consist of mixtures of polyeth-
ylene and polypropylene.

Polystyrene (PS) and polyester (PET)
consist of carbon, hydrogen and oxygen.
These are not as good from an environ-
mental perspective because aromatic hy-
drocarbons (POMs and PAHs) are pro-
duced during incineration and should
not be allowed to accrue systemically.
Controlled incineration should thus be
required for such plastics. Their produc-
tion is complicated, energy-intensive and
environmentally dangerous. Benzol, which
is produced from petroleum, is both car-
cinogenic and affects the immune system.
Styrene is produced from benzol and is
hormone-disturbing. Xylene and styrene
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are given off during production as well as
by the finished material, especially during
the first two to three months. Production
thus takes place in a closed system.

Plastics to be avoided are, for example,
epoxy and bakelite, which are thermoset
plastics that cannot be recycled. Epoxy is
highly allergenic in its unhardened form.
Polyurethane is also a thermoset plastic.
When it is burned, isocyanates are formed
which are toxic and can provoke allergies
and asthma. ABS plastic (acrylonitrile-
butadiene-styrene) should also be avoided.
PVC (polyvinyl chloride) consists of car-
bon, hydrogen and chlorine atoms and is,
from an environmental perspective, one of
the most controversial plastics. Chlorine
causes environmental problems during its
production, incineration and breakdown.
During its production, large amounts of
mercury are used, albeit in a closed pro-
cess. During incineration, hydrochloric
acid and dioxins (toxic, long-lasting or-
ganochloride compounds) can arise. Chlo-
rine and high temperatures create a highly
reactive environment. PVC contains ad-
mixtures such as softeners, stabilizers and
antioxidants. A common softener is a
phthalate which comprises 15-35 per cent
of the plastic. Admixtures migrate and leak
to the surface.

Plastics of the Future

Plastics can be one of the great materi-
als of the future if they are produced from
renewable resources, contain admixtures
that do not disturb the environment, and
can be recycled many times. Under these
conditions, plastic is an excellent, resource-
saving material that can replace more
environmentally dangerous materials such as
metals. Plastics can be produced from corn
and potato starch, cellulose, charcoal or vege-
table oils. These kinds of plastics are available
on the market and function as well or even
better than plastics made from crude oil.
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Abbreviations for Plastic and Rubber Materials

Thermoplastic, thermoplastic elastomer

Rubber/hard plastic

ABS acrylonitrile-butadiene-styrene
EVA ethylene vinyl acetate

PA polyamide (nylon)

PBT polybutylene terephthalate

PC polycarbonate

PE polyethylene
PET polyethylene terephthalate (polyester)
PMMA polymethyl methacrylate (acrylic resin)

POM  polyoxymethylene (acetal)
PP polypropylene

PPS polyphenylene sulphide
PS polystyrene

PTFE  polytetrafluoroethylene
PUR  polyurethane

PVC polyvinyl chloride

SBS styrene butadiene styrene

AEM  ethylene acrylic rubber

BR butadiene rubber

CR chloroprene rubber

ECO  epichlorohydrin rubber (ethylene oxide
copolymer)

EP epoxy resin, also ethylene-propylene (hard
plastic)

EPDM  ethylene propylene diene monomer rubber

FPM  fluorocarbon rubber

HNBR  hydrogenated nitrile rubber (acrylonitrile-
butadiene rubber)

IR isoprene rubber (synthetic natural rubber)
IR butyl rubber

NBR  nitrile rubber

NR natural rubber

Q silicone rubber

SBR styrene butadiene rubber

ur unsaturated polyester resin (hard plastic)
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Rubber

Rubber is a polymer that through a vulca-
nization process has become elastic with the
help of chemically reactive additives, e.g. zinc
oxide. The sulphur vulcanization process
involves cross-linking between molecular
chains so that a network is created. Rubber
can be deformed and after the pressure is
released it can, in effect, regain its original
shape. Sometimes rubber material has a
woven fabric backing. The raw material for
synthetic rubber is petroleum. Natural rub-
ber comes from rubber trees, which grow
in tropical climates. The primary energy
required to manufacture natural rubber is
about half as great as for the manufacture
of synthetic rubber. The work involved in
transportation is great for both kinds. From
an environmental perspective, natural rub-
ber-based products are generally preferred to
synthetic rubber. Natural rubber products
are often mixed with synthetic rubber and
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there is synthetic rubber that has the same
structure as natural rubber. For all rubber prod-
ucts, in order to evaluate how environmentally
friendly a specific product is, it is important
to investigate the additives used.

Nanomaterials

Nanotechnology deals with producing and
using structures as small as a nanometre
(a millionth of a mm or about five atoms
wide). At the nanoscale, there is no clear
limit between physics, chemistry, biology
and materials science, which results in total-
ly new phenomena and functions. In many
cases, an attempt is made to imitate nature.
Animals such as butterflies, beetles and pea-
cocks use nanotechnology. The shimmering
colour on their wings, shells and feathers is
achieved with the help of special nanostruc-
tures of the substance chitin.

All branches of industry are expect-
ed to be influenced by nanotechnology.
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According to Greenpeace, PVC should be avoided for the sake of the environment. In response to criticism, the PVC
industry has removed softeners and thermal stabilizers. The production process has been improved. Despite this, PVC is a
chlorinous material (57 per cent), and hazardous substances can thus be formed during waste management and in the event
of a fire. PVC consists of 43 per cent material derived from fossil fuels.

Source: PVC+kretslopp=sant?, Greenpeace, 1993

Areas affected in the context of building
construction are colouring of glass and
rubber, and production of paint colour-
ing and cement. Also, nanostructured
surfaces that do not get dirty can be,
for example, self-cleaning windows and
textiles.

The fears of nanotechnology are re-
garding that nanoparticles are so small
that they can get into people via the skin
and lungs. If particles ‘only’ micrometre
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in size are breathed in they are caught
in the mucus on the walls of the trachea
and carried away. Nanoparticles however
penetrate deeper into the lungs. They can
reach all the way into the alveoli, where the
vitally important oxygenation of blood
takes place, and stay there. Research has
shown that exposure to carbon nanotubes
causes substantial inflammation in the
lungs of mice. The symptoms are similar
to those caused by asbestos fibres.

I.1.2 KNOWLEDGE OF MATERIALS
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1.1.3

Assessment of Materials

All evaluations are subjective since it isn’t possible to compare ‘apples and pears’ in a
mathematically correct way. In this book, the following methods are used. First, chemi-
cal contents are examined to see which materials contain environmentally hazardous
chemicals. Then, environmental profiles of materials with similar functions are com-
pared, e.g. ceiling and floor materials. Finally, materials are divided into three catego-
ries: recommended, accepted and to be avoided.

Our Choices

We summarize how environmental insti-
tutes in Europe evaluate building materi-
als, and how trustworthy authors on the
subject view building materials. The results
are presented in tables divided into material
categories.

The following institutes and books were
sources of guidance:

Germany: Holger Kénig, Wege zum Ge-
sunden Bauen, Okobuch, 1997.

Germany: Thomas Smitz-Giinter, Living
Spaces. Ecological Building and Design,
Okotest, Kénemann, 1999.

Norway: Bjérn Berge, Ecology of Build-
ing Materials, second edition, Architec-
tural Press, 2009.

Austria:  Osterreichisches Institut fiir
Baubiologi und Okologi (IBO), several

publications.

The Netherlands: Michiel Haas, Ned-
erlands Instituut voor Bouwbiologie en
Ecologie (NIBE), several publications.

The Netherlands: Stuurgroep Experiment-
en Volkhuisvestin, Handbook of Sustain-
able Building, James & James, 1995.

Switzerland: Bosco Biieler, Genossen-
schaft Information Baubiologie (GIBB),
BauBioRatgeber, 2001.

Sweden: Birger Wirn, Tyréns Ingenjors-

byrd, Guide for materialval (Guide for
Choosing Materials), database, 2003.
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Sweden: Sunda Hus (Healthy Buildings),
database of products in the construction
sector (2009), which uses the Swedish
Chemicals Agency guidelines.

Sweden: ABKs (AB Kiristianstadsbyggen)
Milji och Kvalitetskrav (Environmental
and Quality Requirements), Kristianstad
1998.

Sweden: Géran Stdlbom, Miljohandbok
(Environmental Handbook), published
by VVS-information, 1999.

Sweden: Teknikhandboken 2009, VVS

Foretagen.

All the institutes and experts have not eval-
uated every category of material, and they
all carried out their evaluations in slightly
different ways.

Ground Cover

Ground cover around a building affects the
environment in several ways. Not only does
production of material require energy, some
ground cover contains dangerous chemicals.
Furthermore, ground cover affects surface-
water management, depending on how po-
rous it is. It also affects the microclimate,
depending on how much solar radiation it
absorbs and how much water evaporates
from it. Does the cover withstand car traf-
fic? How is the cover affected by rain, frost
and ground frost? Another factor is mainte-
nance, for example how gravel paths might

be weeded.
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Asphalt (bitumen) is a residual product
from oil refining. Asphalt that allows water
to percolate through it, so making it easier
to deal locally with runoff, can be ordered
from most asphalt plants. This material can
be used for car parks, and on top of drain-
age layers. Asphalt can become clogged over
time when dirt collects in it and must then
be cleaned using a high-pressure spray.

Concrete for ground cover is available
in many forms, sizes and colours. Con-
crete slabs are available with a smooth or
patterned surface. A typical concrete slab is
450mm square and 40mm thick or 350 x
350 x 50 or 70mm. Avoid using blocks for
paving in order to conserve material. The
foundation can be made with a 35mm-deep
bed of sand that has to be firmed and lev-
elled. Cracks should be carefully filled with
fine grain sand or dry mortar consisting of
fine grain sand and cement in a proportion
of 6:1 by volume. Brush the sand or mor-
tar into the joints and then brush away the
excess. Sprinkle water over the concrete to
rinse off the block or slabs and moisten the
joints so the cement can harden.

Grass can be used both as a lawn and as a
meadow. The more often grass has to be cut,
the more energy is used. Grass surfaces have
a good capacity to let rain through. Grass
surfaces are sensitive to wear, especially in
the spring when the ground may be frozen
even though the surface is soft.

Use of reinforced grass makes it possible
to lay an almost invisible road with a grass

surface. There is often a need for driveable
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surfaces used only by emergency vehicles. A
reinforced grass car park can be less conspic-
uous. After laying the reinforcement, spaces
are filled in with soil and sown with grass.
Paving stones vary in appearance and can be
made of different materials. The most com-
mon materials are cement or plastic.

Brick used on the ground and ceramic
tiles used for paving are weather-resistant
and non-slip and are available in a large
variety of colours. A high firing temperature
and ground tiles of slate clay increase frost
resistance. For small areas that receive little
traffic, a 30-100mm-deep sand bed is laid.
More heavily trafficked surfaces require a
150-200mm-deep layer of macadam under
the sand. The sand has to be compacted
and levelled. The same laying procedure is
used as for concrete.

Stone paving in garden paths and on ter-
races can be laid almost anywhere, on the
ground, sand or cement. Natural stone
varies in thickness and it is so natural that
sand beds (about 50mm) are adjusted as
the stones are laid. The foundation must
be stable so that the finished path will be
smooth and level. If desired, the stones can
be stabilized in mortar (with a cement/sand
ratio of 1:3) and joints can be filled with a
sealant containing cement/fine sand in the
ratio 1:6.

Loose inorganic materials, such as fine
gravel or crushed brick of different colours,
or larger gravel that is used for roads, can
be used. Gravel covers must be regularly
maintained by replenishing with new grav-
el. Pit-run gravel is a non-renewable re-
source. It is important that more and more
recycled fill material be used as gravel.
Gravel on a sloping surface is easily washed
away by rain. Remove all vegetation and
dig the area to a depth of about 50mm.
The ground should slope somewhat in one

Sidewalk pavement of ceramic tiles in Angelholm.
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Brick ground cover
at the Gartnerhof
eco-village in Austria.
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direction to facilitate drainage. One way
to avoid weeds is to put plastic or a dense
geotextile under the whole area. To avoid
the use of weedkillers, weeds can be re-
moved manually or burned away using hot
steam (special equipment for steam spray-
ing is available).

Loose organic paving materials such as
bark and wood chips are used for ground
cover on paths, around trees and in garden
beds. Wood chips and bark are the most
suitable materials if a medium-hard surface
is desired. New material must be added after
about four years. Since pressure-impregnated
wood should be avoided, stone, brick or ce-
ment can be used as edging materials.

Wood on the ground rots, so it is best to
raise wood above the ground in the form
of decking. It is important for timber to be
able to dry out properly after it has been
saturated by rain. Slow-growing heartwood
of oak, larch, pine or elm should be cho-
sen. Blocks of oak that are scorched under-
neath and set in sand are relatively durable.

I.I MATERIALS AND CONSTRUCTION METHODS

Granite sidewalk stone.

Pressure-impregnated timber should be
avoided for environmental reasons but
regular oil treatment extends the life of
wood. There is currently timber available
that has been pressure-impregnated with
linseed oil. Another method to make wood
resistant to moisture is to expose it to high
pressure and heat. This process changes
the cellular structure of the wood and gives
it other properties.

Geoproducts

Geoproducts are woven or non-woven tex-
tiles, nets, mats or membranes used in the
ground for separating, reinforcing, draining,
filtering or protecting from groundwater
and erosion. Geoproducts are produced all
over Europe. Their service life is estimated
to be more than 60 years.

Drainage liners can be made of polypro-
pylene or polyethylene. Other materials
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which may be used consist of a core of poly-
amide threads surrounded by a polyester
cover. Drainage liners can be used instead
of graded gravel in pipeline trenches around
building foundations, in drainage ditches
and under road embankments.

Georeinforcement (geonet, erosion mats)
can be made of synthetic or natural materi-
als. The synthetic varieties are usually made
of polyethylene, polypropylene or polyester.
Other synthetic materials which may be
included are polyamide, polyvinyl alcohol
and aramid fibre. Coconut fibre is the natu-
ral material which may be used. Georein-
forcement is used to stabilize and reinforce
slopes and road embankments, as well as to
strengthen underground and load-bearing
layers in the construction of roads and foun-
dations. It is also used to prevent erosion
and to support the establishment of plants.

Geomembranes are made of polyethylene,
polypropylene and/or polyester. They may
contain a UV stabilizer (e.g. 2 per cent car-
bon black). One variation of the geomem-
brane is made of bentonite (clay material
which swells upon contact with water) en-
capsulated between two layers of geotextile.
Geomembranes of butyl rubber contain
other polymers as well as EPDM rubber,
carbon black, filler, processing chemicals,
antioxidants and a vulcanizing system. There
are geomembranes made of PVC and oth-
ers that contain an aluminium foil layer.

The chemical content of synthetic rubber
geomembrane should be carefully scrutinized
before acceptance. Geomembrane is used as a
weatherproofing layer in the ground, in some
instances to separate runoff from contami-
nants (near landfills) and also during the con-
struction of ponds. They can also be used as
radon protection in building foundations as
they are impermeable to both water and gas.

Geotextiles (geocloth) are made of poly-
propylene with a UV stabilizer as well as
of polypropylene mixed with polyester or
polyethylene. Geotextiles are primarily in-
tended to separate materials. They can also
function as a porous membrane (both sepa-
rating and filtering). Geotextiles are also
used to protect geomembranes.

Ground cover fabrics are used in cultiva-
tion to maintain ground moisture, reduce
radical temperature swings, and prevent
weed growth, thereby providing good con-
ditions for the establishment and growth
of plants. There are synthetic ground cover
fabrics as well as biodegradable ground cov-
er fabrics made from coconut fibre with a
double, light-screening, foil layer of biode-
gradable plastic.

Structural Materials

In a sustainable building, it is important to
find environmentally friendly alternatives

Ground Covers and Geoproducts: Environmental Evaluation

Recommended Acceptable To be avoided
Gravel, sand Concrete slabs* Asphalc***
Grass Geoproducts, plastic materials Pressure-impregnated wood

Geoproducts, natural materials
Organic spreading materials Ceramic slabs
Stone, domestic Paving brick

Wood, e.g. blocks

Stone, imported

Grass reinforcement** PVC

Notes: * Reinforced concrete slabs are not acceptable. Concrete slabs with recycled aggregate are recommended.
** Plastic grass reinforcement is acceptable only if it is recycled PP or PE plastic.
*** Asphalt cannot be avoided but the area of surfaces to be asphalted can be reduced.
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to reinforced concrete and metals. There
are structural materials available that are
also thermal insulators, for example, light-
weight concrete, expanded clay, sandlime
brick, foamed concrete, cellular glass and
wood-wool cement boards. Structural
constructions in brick or sandlime brick in
combination with infill walls are also ac-
ceptable from an environmental perspec-
tive. The most environmentally friendly
construction materials are wood and clay.
Solid wood buildings up to about 12 floors
can be economic to construct.

Concrete (see Minerals in 1.1.2 Knowledge
of Materials) can be poured on location or
supplied as prefabricated components or
slabs. Most concrete constructions are re-
inforced. Because of its great resistance to
pressure and moisture, concrete is an impor-
tant material in the building of foundations.
Concrete has a high compressive strength
and with steel reinforcement or non-metal
reinforcement such as fibreglass, concrete is
getting tensile strength and is therefore used
for columns, beams and floor structures.
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If the environmental load for various construction materials
is compared, wood is always preferable to reinforced con-
crete. The diagram compares environmental profiles (per
1m?) of a wooden floor on concrete beams to a wooden floor
on insulated wooden beams.

Source: Arkitektur og milje — form konstruktion materialer — og miljopa-
virkning, Rob Marsh, Michael Lauring, Ebbe Holleris Petersen, 2000
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Foamed concrete (see Insulation) is used in
solid constructions both as a support and an
insulating material.

Glass (see Claddings)

Cellular glass blocks are made from loose
cellular glass (85 per cent) and cement
(15 per cent). They are used as load-bearing
and insulating building blocks. They keep
their shape, withstand frost, mould and fire,
and do not contain hazardous additives.
These blocks are used in a similar way to

lightweight aggregate blocks.

Clay materials (see Binding Agents) have
been used in construction for thousands of
years, with a variety of techniques. People
have used untreated clay, worked clay and
clay with straw or other materials mixed
into it. Traditionally, buildings have been
constructed of earth or turf blocks which
have been dug directly from the ground, as
in Icelandic turf houses.

Clay-stone wall built with a load-bearing wood
construction.

Source: Hus Torkel, Kovikshamn, Bohuslan
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An example of how a concrete building founda-
tion can be reinforced with fibreglass instead of
metal.

Source: Hus Torkel, Kovikshamn, Bohuslan

Metals (see 1.1.2 Knowledge of Materials).
It is not possible to build a modern building
without metals. Nails, screws, fittings and
metal reinforcement are needed. In certain
constructions, steel structural elements are
required as well.

Masonry, such as brick and sandlime
brick used in load-bearing construction,
needs to be supplemented with insula-
tion. Other materials such as expanded
clay and lightweight concrete, both sup-
port and insulate if the buildings aren’t

too high.

Sandlime brick may be grey and consists
of quicklime and natural sand. White san-
dlime brick consists of white lime, burned
flint and solid granite. Grey sandlime
brick is manufactured from quicklime
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(5-8 per cent) and quartz sand (92-95 per
cent), which is mixed with water and pressed
into brick-shaped blocks. This is hardened
under steam pressure for 4-8 hours in a
kiln at a temperature of 200-300°C (au-
toclave process). This process releases sili-
cone dioxide that together with the slaked
lime builds crystalline compounds to bind
the grains of sand together. Small amounts
(<1 per cent weight) of colour powder may
be included.

Sandlime brick requires less energy to
produce than brick. The material’s mois-
ture-absorbing ability is a third that of brick,
but together with plaster it nonetheless has
good heat- and moisture-buffering proper-
ties. Sandlime brick is marketed as building
brick, building block and cladding. It has
a long life and the bricks are, in principle,
maintenance free.

Lightweight sandlime brick is manufac-
tured in Nordbayern, Germany. The mate-
rial is produced in the same way as sandlime
brick, but can be composed of up to 90 per
cent expanded clay. Light sandlime brick
has approximately the same properties as
expanded clay blocks. The difference is that
the binding agent in lightweight sandlime
brick is not cement but lime, which is more
environmentally friendly. The thermal con-
ductivity A for lightweight sandlime brick is
0.13W/mK.

Lightweight concrete is made of finely
ground sandstone/quartz sand (70 per cent
weight), lime (7-20 per cent weight),
cement (7-18 per cent weight), natural
gypsum (3—7 per cent weight), water, and a
litcle sand. Aluminium powder (0.1 per cent
weight) is added as a raising agent. When
the aluminium powder is added the mixed
raw materials produce hydrogen gas which
makes the mixture expand and produce air
bubbles. When the compound hardens, it is
cut to the desired dimensions and hardened
in an autoclave. Silicone and cellulose deriv-
atives may be used as additives. Lightweight
concrete is made into blocks or slabs and
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used in walls, ceilings and floor structures.
It has average noise insulation properties,
poor moisture resistance, good moisture
absorption, average heat accumulation
properties and good compressive strength.
Compared to other materials, walls need to
be made thicker in order to provide good
insulation. Their life is very dependent
on the quality of the binding agent (the
cement). Lightweight concrete construc-
tions often contain steel reinforcement.

Expanded clay is made by firing clay ma-
terials at a temperature of 1250°C in a ro-
tary kiln. The clay expands and forms small

pellets with a hard exterior and an interior
of air-filled cells. Expanded clay is used
loose as insulation in foundations.

Expanded clay blocks and panels consist
of expanded clay pellets moulded together
with cement. They contain expanded clay
(75 per cent by weight), Portland cement
(23 per cent by weight), and water (2 per
cent by weight). Reducing the fraction of
expanded clay makes the material stron-
ger. Sometimes small amounts of poros-
ity builders are added. The expanded clay
blocks have a relatively good compression
strength, good noise insulation and heat
storage properties, tolerate moisture but are
moisture-repellent. They are used in interi-
or, exterior and cellar walls. Expanded clay
blocks can be used in load-bearing walls in
structures of up to three storeys. Reinforce-
ment is placed in the joints. The blocks are
also available as sandwich elements with a
core of insulating material for use in exte-
rior walls. The energy used in production is
relatively high.

Brick (see Brick in 1.1.2 Knowledge of
Materials)

Wood (see Wood in 1.1.2 Knowledge of
Materials) has been used for load-bearing
construction in ‘log-cabin’ construction,
timber framing and timber-clad buildings.
Currently, wood is used for load-bearing
in framing, both as solid joists and as light
joists. Solid wood may also be used for
ceilings, walls and floors.

Wooden beams and joists are limited in
terms of both length and thickness, and
large beams have a tendency to fail. Meth-
ods have been developed where thin pieces
of wood are glued together into beams that
have a high load-bearing capacity. There are
glulam beams, lightweight beams and truss-
es. On the one hand designs can be freer

and on the other the load-bearing capacity
is greater for glulam beams than for solid

Renovation of an old castle ruin in Koldinghus, Denmark. The new
load-bearing construction is built of glulam.

Source: Johannes Exner, Architect wood beams.
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Wooden roof trusses and frameworks
are commonly used in building roofs for
single-family houses. They are usually
manufactured using nail plates. It is possi-
ble to build wooden frames that span long
distances, up to just over 20m. Framed
wooden roof trusses are also used in build-
ing machinery halls, barns and animal
stalls. Many frames can be built entirely
of wood, while others require steel rods or
cables.

Lightweight studs and lightweight
beams are another way to use wood ef-
fectively. They can be made as I-beams
or box beams consisting of wooden studs
and hard fibreboard. There are also lami-
nated veneer timber beams and veneer strip
beams which are designed in a similar man-
ner. Such beams have a high load-bearing
capacity in relation to their weight. They
are used where thin beams are required. In
roof trusses they may have an I-beam or T-
beam section.

Glulam beams are produced by glueing
pieces of board (most often spruce) together
under pressure into beams. Glulam beams
of different lengths and thicknesses are pro-
duced. They can be made up to 30m long
and up to 2m high. A glulam beam has a
significantly higher load-bearing capacity
than a solid wood beam of the same dimen-
sions. Their only disadvantage is the binding
agents used in their production. The bind-
ing agents are usually phenol formaldehyde
resin or polyurethane (contains isocyanates).
Phenol formaldehyde resin is a mixture of
phenolic resin adhesive and formaldehyde
adhesive (see also Adhesive Compounds).
The amount of binding agent used is less
than 3 per cent and the area where the
binder comes into air contact is small.
In Switzerland the material is evaluated so
thata product containing less than 3 per cent
adhesive may be recommended by the eval-
uating agency. If products contain between
3-5 per cent adhesive, they are acceptable.
Sometimes a lattice beam with reinforced
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screwed joints can be used instead of glu-
lam beams.

OSB-beams (oriented strand board) is a
product where wood chips are glued togeth-
er to form beams with different profiles.
Whole building systems with beams and

Outer wall:

Saolid wood wallboard
(approx.76mm) with —-______J_
three to five layers

250mm cellulose insulation — 21

AWQED-—-—-—-_._________________
e

Wood panel facade or |
plaster in desired style
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Construction where
load-bearing solid wood
elements are joined
together diagonally
with wooden dowels.
No glue is used. On the
outside is facade mate-
rial, followed by studs
with a 1.5 inch air gap,
a water resistant hard
board, seven inches of
insulation, plywood (5/8
inch) and three inches
of diagonally pegged
solid wood.

Source: Sohm, Austria.

Building system using
solid wood technology
according to Ekolo-
gibyggarna, Vadstena,
Sweden.

Source: Det Hallbara Hu-
set, finalist i Miljdinnovation
2002. Maria Block, Varis
Bokalders, architects
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Construction Materials

Recommended Acceptable To be avoided
Sandlime brick Concrete* Aluminium
Clay material Glass Steel**
Lightweight sandlime brick Lightweight concrete Wood, pressure impregnated
Stone, local Expanded clay blocks Stone, imported
Wood Glulam
Wooden framework Foamed concrete
Wood-wool cement Brick
Cellular glass blocks
OSB-beams

Notes: * Reinforced concrete is energy-intensive and its use should be minimized. Reinforced concrete can sometimes
be replaced by other construction materials such as solid wood or brick.

** Steel production is both energy-intensive and destructive for the environment, but it is not possible to build a modern
building without steel. Nails, screws, fittings and metal reinforcement are needed. In certain constructions, beams and
columns of steel are required as well. It is important to minimize iron and steel use or use other materials instead of
steel. Steel bolts can be replaced by wooden dowels and iron reinforcement can be replaced by bundled fibreglass
reinforcement, etc. Continuous steel structures as well as steel fabric reinforcement and metal studwork should be
earthed in order to minimize their effect on the building’s electromagnetic fields.

columns are made in this way. One type of
board uses chips from aspen, a cheap ma-
terial. With this technology strong beams
may be constructed with a slim profile.

Solid wood elements are modern methods
of joining wood materials together to form
beams or boards. The boards can be nailed,
screwed, dowelled or glued together. From
an environmental point of view elements
without glue are preferred. Solid wood
elements are manufactured both as beams
and as solid boards that can be used for ceil-
ings, walls and floor structures. Solid wood
boards are so strong that a 12cm-thick
plank can be used as a joist spanning 5m.

Solid wood boards are relatively fire-resis-
tant, sound-insulating and moisture-buffer-
ing. For walls separating dwelling units and
in floor and ceiling joists, boards need to
be complemented with other materials to
increase sound insulation. There are also
companies producing solid wood blocks
that can be used as large bricks to build
houses.

Detached house in Staffanstorp, Sweden, made of wood-wool cement.  Wood-wool cement (see Thermal Insulation)

Source: Architect: Mattias Ruckert
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Thermal Insulation

Most insulating materials are based on the
principle that stationary air insulates, so
they contain many small air pockets. They
can be divided into insulation materials that
tolerate humid environments and those that
must be kept dry. It is essential to know
whether the material stores heat and mois-
ture, is compact or permeable, or whether
it tolerates pressure. Insulating materials are
available as loose filling, bats, boards and
blocks. Special products are also available,
such as pipe insulation.

In some countries new insulating ma-
terials are available, including snail-shell
insulation which is used in foundations,
hemp fibre insulation, as well as insulation
of thin aluminium foil with stationary air
sandwiched between the layers. The lower
the A (lambda) value, the better the insula-
tion capacity.

Cotton (A = 0.04W/mK) has good insu-
lating properties and is used in the form of
mats and as loose insulation. It does not
require moth protection, but boric acid is
added as a flame retardant. Transport from
source to use is long and energy-intensive.
Cotton producers use large amounts of

=
-
R

e |
Sy T = e
¢F £§ FB 88 3§ BB 3B
29 25 °3 B3 ¢ B ES
§= 5= 8 58 22 £F =
= ke s B Som SEo 8

TR R o Rl B

= = & o =

£ & 8% E

2 o 8 = E

I HEALTHY BUILDINGS

I 195mm golystyrene with

I.I MATERIALS AND CONSTRUCTION METHODS

poison in the cultivation and processing of
cotton, but traces of poison have not been
found in the finished material.

Calcium silicate sheets (A = 0.045-
0.065W/mK) are made of lime, silicon ox-
ide and 3 to 6 per cent cellulose.

The sheets can withstand extremely high
temperatures, buffer moisture and counter-
act mould. The sheets can be cut, sawn and
drilled. Production requires relatively high
energy consumption.

Cellular glass boards (A = 0.042W/mK)
are made by blowing air and pulverized coal
into melted glass, creating a closed structure
with small air bubbles. The material is wa-
terproof and non-porous, does not burn or
attract mould, and has a long life. Energy
consumption during production is high.
It is suitable for foundations. The high
compressive strength of cellular glass means
that if it is used on the ground, a concrete
slab is not needed. If it is used underneath a
concrete slab, the concrete slab can be thin-
ner than if cellular glass were not used. The
material enables the complete elimination
of thermal bridges; and it is strong enough
for a car to be driven on to a construction
insulated with it without incurring damage.
Wall and roof elements are also available.

[ 250mm cellulose fibre with

U-value 0,20
Estimated lifetime: 100 years

Environmental profiles for 1m?
insulation (thick enough to provide
a U-value of 0.2W/m?K) of cel-
lulose fibre and polystyrene. The
comparison shows that plastic in-
sulation has a significantly greater
environmental load than cellulose
fibre insulation.

U-value 0.20
Estimatad lifefime: 100 years

Source: Arkitektur og milje — form kon-
struktion materialer — og miljopavirkning,
Rob Marsh, Michael Lauring, Ebbe
Holleris Petersen, 2000
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A cellular glass founda-
tion where the insulation
material is the ground
slab. Concrete casting is
not needed.

Source: Foamglas

Cellular glass blocks (A = 0.15W/mK) are
made from loose cellular glass (85 per cent)
and cement (15 per cent). They are used
as load-bearing and insulating building
blocks. It holds its shape, withstands frost,
mould and fire, and contains no hazardous
additives.

Cellular glass loose fill (A = 0.1-0.11W/
mK) is made from recycled waste glass by
melting it and blowing air into it. Normal
grain size is in the range 10-60mm. Typical
use of cellular glass loose fill is as a thermal
insulation layer in the foundation, i. e. under
floor slabs on the ground. This lightweight
fill also works as a water capillary barrier, a
drainage layer and a frost-insulating layer.
During installation of cellular glass loose
fill in load-bearing structures, the loose fill
material is compacted to obtain a stable and
optimal load-bearing capacity. Loose fill is
considerably cheaper than boards.

Cellular plastic (A = 0.036-0.04W/mK) is
made of either EPS (cut blocks of expanded
polystyrene) or XPS (extruded polystyrene  cepyiose fibre is an insulation material that is
blocks with ‘skin’). EPS is made of 91-94  used in a lot of eco-buildings. It is sprayed into
per cent by weight polystyrene, 47 per cent ~ box constructions. Cellulose fibre is made

b ioh d1 a from recycled newspaper or new pulp, and it
y weight pentane and L per cent Hame re- g jmpregnated with boric acid or ammonium

tardant. Cellular plastic is manufactured as  polyphosphate.
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insulation boards. They are broken down by
ultraviolet light and so should not be used on
exteriors. Cellular plastic absorbs only small
amounts of heat and moisture, and cannot

contribute to evening out the interior cli-
mate. Production is complicated, energy-in-
tensive and environmentally hazardous but
takes place in closed processes. Benzol is pro-
duced from petroleum, is carcinogenic and
affects the immune system, and is used to
produce styrene (which is hormone-disturb-
ing). Xylene and styrene are released during
production as well as from the finished mate-
rial for the first two to three months. There is
also cellular plastic that contains brominated
flame retardants. Density >20kg/m?. The
A-value can be reduced to 0.032 by the addi-
tion of graphite. If cellular plastic is on fire, it
is burned down very quickly.

Cellulose fibre (A = 0.04 W/mK) insula-
tion is made from old newspapers or newly
produced cellulose, and is delivered loose,
in boards or in packing strips. The paper is
ground up and boric acid, borax, sodium
silicate or ammonium polyphosphate is
added to make the material less lammable
and attractive to fungi and insects. Addi-
tives may account for up to 14-25 per cent
of the weight of the material. In the EU, ad-
ditives containing boric acid and borax are
questionable from a health point of view,
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Spraying loose
cellulose fibre.

and cellulose fibre with, for example, am-
monium polyphosphate is preferred. The
material has a good thermal insulation val-
ue, and can absorb and buffer moisture.

When applied correctly, cellulose fibre
is highly airtight, which counteracts air
movement (convection) in the insulation.
Cellulose fibre is relatively heavy, which
results in good sound insulation. The ma-
terial is sprayed in with compressors under
pressure, which fills spaces efficiently with-
out settling occurring. The cellulose makes
dust during spraying and breathing masks
should be used. Production of cellulose fi-
bre from recycled paper is energy efficient,
while newly produced cellulose requires
much more energy.

Sheep’s wool (A = 0.04W/mK) insulation
often has boric acid added to it at about 3
per cent by weight, and can be mixed with
up to 18 per cent polyester fibre to stiffen
the boards. It is fire-resistant and has a good
capacity to absorb, store and release mois-
ture (3040 per cent of its own weight).
Hard compressed bats of sheep’s wool
are also used as impact sound insulation.
As sheep’s wool is vulnerable to attack by
moths, it is impregnated with halogen-de-
rived organic compounds such as eulan and
mitin FF. Sheep’s wool without anti-moth
protection is subject to insect attack.
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Straw (A = 0.07-0.085W/mK) can be
used both as insulation and as a load-bear-
ing material in walls. It is most important
to keep the straw construction dry by hav-
ing a proper foundation and a substantial
roof projection. Insulating with straw can
be done using loose fill, boards or bales.
Straw bales measure about 35 x 35 x 60cm
and weigh about 20kg each. Bales must be
properly compressed, dry (10-16 per cent
moisture content) and free of all signs of
mildew.

Hemp fibre (A = 0.038-0.04W/mK) bats
are made of compressed hemp fibre with
a thickness of 30-180mm. Since hemp is
naturally fungus- and bacteria-resistant,
this insulation material does not need to
be impregnated. Hemp bats are moisture-
buffering and provide good sound insula-
tion. Hemp is a hardy plant that grows well
without either fertilizers or pesticides. The
type of hemp (industrial hemp) grown for
fibre contains extremely small amounts of
narcotic substances. Hemp insulation is
often mixed with polyester fibre (15 per
cent) for stability and soda is added as fire

protection.

Coconut fibre (A = 0.045-0.05W/mK)
bats or boards consist of pure coconut fibre
that is felted together. The material is flam-
mable and easily ignited and is therefore
impregnated with ammonium phosphate,
boric acid or sodium silicate. Coconut fibre
is moisture-repellent and resistant to rotting
and bacterial attack. It is elastic and durable.
Coconut fibre is used as packing material
and thermal insulation. However, transport
routes from source to use are long.

Cork (A = 0.045W/mK) is made from the
bark of cork oak trees grown in Spain, Por-
tugal and North Africa, which are mature
for harvesting about 25 years after plant-
ing. Cork trees are peeled every 8—15 years
and at the most one-third of the bark is
taken. It is marketed in boards or in granu-
lar form, is resistant to moisture and rot
and is not attacked by pests. If it is exposed
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to moisture for a long period it can begin
to go mouldy. Cork has minimal tempera-
ture fluctuations. To increase its insulat-
ing capacity, it is common to expand cork
with steam at 380°C in pressure tanks. It
is then compressed under high pressure
into boards or preformed pipe insulation.
Cork’s own adhesive substances prevent
disintegration. Boards are relatively strong,
have good recovery capacity and are there-
fore used for insulation exposed to pres-
sure, e.g. exterior insulation of terrace roofs
(warm roofs). Granulated cork is used as
insulation in floor structures.

Wood shavings (A = 0.06-0.08W/mK)
were commonly used in the past as loose
fill in walls and ceilings. Wood shavings are
dried so that the moisture content is below
20 per cent, put into walls and compressed
to pack it well. The construction must allow
for adding more shavings, as wood shavings
settle over time. The material absorbs and
releases moisture in the same manner as
wood. About 5 per cent slaked lime can be
added to reduce the risk of attack by insects
and pests. In addition, flammability can be
reduced by adding 5-8 per cent borax or
magnesium chloride.

Flax fibre (A = 0.04W/mK) bats are made of
flax fibre that is too short for fabric produc-
tion. The material is naturally resistant to in-
sect pests, tolerates moisture and doesn’t burn

Insulating materials for sale at an ecoconstruc-
tion products exhibition in Germany. Shown here
are insulation materials made of wool, flax and
cotton.
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very well. It has good moisture-buffering (up
to 25 per cent of its own weight) and sound-
insulation properties. To stiffen bats, polyester
fibre is added (2-18 per cent by weight). Flax
cultivation does not require intensive use of
fertilizers or pesticides. The fibres are bonded
together during a short warming process and
formed into bats. Flax fibre insulation is also
available with added fire retardant.

Lightweight concrete (A = 0.1-0.20W/
mK) (see table Construction Materials) is
used in walls, ceilings and floor structures as

both load-bearing and pressure-tolerant in-
sulation material. The Xellas Multipor slab
brand (max. 200mm) is made of sand, lime,
cement and water. It is specially developed
to have a better than normal insulation val-

ue (A = 0.045W/mK).

Expanded clay (A = 0.13W/mK, loose fill;
A = 0.15-0.20W/mK, blocks) (see table
Construction Materials) blocks and slabs
are used in walls, ceilings and floor struc-

Hemp fibre insulation has a very good environ-
mental reputation. In Germany, it is for sale at the >
many shops selling ecoconstruction materials. It tures as both load-bear ng and pressure-

is also available in Denmark. tolerant insulation material.

Clay and straw mixtures (A = 0.2-0.4W/
mK). Mixtures of clay and straw, light-
weight clay constructions, have been used
as a construction material for hundreds of
years. The clay preserves the organic material
and the straw insulates. Buildings with walls

of lightweight clay require a supportive
framework of wood. The straw is soaked

Flax insulation in the form of boards mounted in a
Flax fibre insulation in the form of a mat. demonstration wall.
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carefully with slip. Walls of lightweight clay
are compressed into shuttering or laid using
prefabricated bricks. The harder the mix-
ture is compressed, the lower the insulation
value. It is important that the walls dry out
properly. Thick walls can be built to make
well-insulated buildings. Expanded clay can
be used instead of straw in this mixture.

Mineral wool (A = 0.033-0.045W/mK)
can be either glass wool or rock wool. It is
sold loose, in boards, in bats and in packing
strips. Mineral wool has good sound insula-
tion properties and is fire-resistant. Build-
ings with mineral wool insulation should be
airtight so the fibres cannot escape into the
interior air, and diffusion resistant so that
moisture cannot damage the construction.
Since the material cannot buffer moisture,
moisture can run down and damage wood-
en elements. When moist, emissions of
formaldehyde can occur, and in a fire, dan-
gerous gases are released, primarily phenol.
Damp mineral wool can smell bad due to

Plaster

Lightweight
agaregate blocks
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(L2

Wood wool cement

If expanded clay is used in construction, walls must be

made extra thick or supplementary insulation used, because
expanded clay itself is not a good insulator. Shown here is an
expanded clay wall that has been insulated with wood-wool
cement board.
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the urea content. The material may con-
tain a considerable number of fibres that
can cause lung damage, i.e. fibres that are
thinner than 5pm and longer than 3mm.
Controversies have forced mineral wool
producers to develop new products. Some
producers have switched production to fi-
bres that are less damaging to the lungs.

Rock wool is made of diabase and do-
lomite. Small amounts of urea as well as
phenol formaldehyde resins are used as
binding agents. In addition, 1 per cent by
weight silicone or mineral oil is added to re-
duce dust and increase moisture resistance.
The raw material is mixed and melted at
1350-1500°C. The molten material is
blown through a nozzle against a rotating
surface, whereby mineral fibre is formed.
The fibres are bonded together with phe-
nol formaldehyde resins, which harden at
220°C. Production is energy-intensive.

In glass wool, stone is replaced with
quartz sand (30 per cent by weight), feldspar
and dolomite (30 per cent by weight), soda
(10 per cent by weight), as well as recycled
glass (30 per cent by weight). Lately, the
proportion of recycled glass has increased
substantially.

ISO-soft is an American installation
material with long, elastic glass fibres, that
are bound together with acrylic fabric and
contains no formaldehyde or urea. This
installation feels and looks like cotton but
has the same insulating properties as min-
eral wool. ISO-soft does not itch or dust as
much as rock or glass wool and is an alter-
native to these for people with allergies.

Perlite (A = 0.044—0.053W/mK) is made
by heating natural glass of volcanic origin to
about 1000—1100°C. The material then ex-
pands to a volume 15-20 times larger than
the original. The raw material is mined in
Iceland, the Greek island of Milos, Hun-
gary and Turkey. Perlite does not burn and
doesn’t react chemically with other con-
struction materials. It allows diffusion and
has such a high compressive strength that it
can be used as underlay for floating floors.
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In its granulated form, it is used as insula-
tion in floors and cavity walls. In Europe,
perlite is also sold in boards. Hyperlite is
perlite that has been sprayed with silicate
(0.2 per cent by weight) at 400°C, which
makes it moisture repellent. Perlite treated
with bitumen can release emissions and
should not be used indoors.

Foamed concrete (A = 0.1W/mK) is used
in solid constructions as both load-bearing
and insulation material. Foamed concrete
requires a lot of binding agents and is made
up of cement grout containing 50 per cent
cement, 50 per cent merit (a slag product),
water and a frothing agent (tenside-based
and degradable), as well as expanded clay
balls as ballast. It is a relatively light and
solid material. In factories it can be cast into
blocks or sections. The sections can be load-
bearing but are reinforced with galvanized
steel net. The reinforcement is needed pri-
marily to enable transport of the sections.
The material cannot be used as a moisture
barrier. Foamed concrete is a relatively new
material, which means that experience with
it is limited.

Peat (A = 0.08W/mK, loose fill; A = 0.038
W/mK, boards) was used in the past as an
insulation material in much the same way as
wood shavings. Today, it is not commonly
used. Peat can be used as loose fill, in boards
or as blocks. Peat is extracted from the upper-
most layer in bogs where the decomposition
process is not well advanced and the fibres

A wall with translucent plastic insulation lets the
light through, at the Ecotopia training centre,
Aneby, Smaland, Sweden.
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remain intact. Loose-fill peat is dried and
ground and about 5 per cent lime is often
added. Peat has a low pH which inhibits bac-
terial and mould growth. Even in countries
where there are large peat reserves, growth
takes place slowly. Peat settles to some degree
in walls and therefore has to be replenished.
Dust is created during installation.

Textile fibre mats are made in various
thicknesses of textile waste bound together
with polyester. Production requires relative-
ly low energy consumption and the lambda
value can be compared to mineral wool and
cellulose fibre.

Translucent insulation is a futuristic
plastic insulation material that lets light
through. Both the material’s structure in
the form of a honeycomb, fibre structures
or small tubes, as well as the material’s char-
acteristics (it contains a lot of air) are used
to advantage. It is often made of polycar-
bonate or aerogels. The material is currently
expensive and used mostly to improve en-
ergy transfer in passive solar heating systems
and solar collectors.

Vacuum-fused fumed silica insulation
Vacupor® (A < = 0.005W/mK) has ex-

tremely good insulation properties. It is a

Textile fibre mats are made of textile waste and
bound with plastic.

Source: www.ultimat.no
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microporous inorganic material composed
85 per cent of silicon dioxide (SiO,) and
15 per cent silicon carbide (SiC), which is
vacuum sealed in thin sheets with a metal
barrier film of aluminium. Removal of air to
form a vacuum prevents any thermal trans-
mission by convection. The core material
is produced without any emissions, is not
flammable and usually does not contain any
organic components that may release harm-
ful decomposition products when exposed
to heat. The product can be recycled and,
according to industrial hygiene experts, does
not pose any health hazard. The material is
expensive but extremely space-saving.

Wood fibreboards (insulation boards,
A = 0.037W/mK, porous boards, A =
0.045W/mK, hardboards, A = 0.17W/
mK) are made of wood that is chipped
and ground (defibred), diluted with water,
and then compressed using heat and pres-
sure. The lignin in the wood acts as a bind-
ing agent. Softwood fibre insulation boards
(with a thickness of 40-200mm) contain
polyolefin as a binding agent and ammo-
nium polyphosphate as a flame retardant.
German hardwood fibre insulation boards
often contain some polyurethane resin
(about 4 per cent), a substance that is not rec-
ommended. Fibreboard is available as hard,
medium-density and porous boards. Porous
fibreboards (12-40mm) are used primar-
ily for thermal insulation, as impact sound
insulation and as a sound absorber. In some
cases, aluminium sulphate (1-3 per cent) is
added as mould protection and ammonium
sulphate is added to increase fire resistance.
Some boards have a surface layer of wax.
Oil-cured wood fibreboard is more moisture
repellent and usually contains pine resin.
Wood fibreboard with adhesives should be

avoided for environmental reasons.

Wood-wool cement (A = 0.09-0.15W/
mK) boards are made of wood-wool (35 per
cent by weight) with cement or magnesite
as a binding agent (65 per cent by weight).
Calcium chloride (0.2 per cent by weight)
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Cellulose fibre is in the compartment on the left,
perlite is in the middle and on the right is mineral
wool.

can be added to control hardening. The ma-
terial is moisture-repellent, moisture-buffer-
ing, sound absorbent, pressure-proof, non-
flammable, and has a high pH value, which
inhibits mould growth. It is often used for
ceilings in indoor swimming pools, gymna-
siums and bathrooms. The boards are heavy
and so insulate against sound. Due to their
coarse surface, the boards are excellent for

Honeycomb brick with a mineral granular filling,
made of basalt, from the German company Uni-
por. Unipor makes a product called Coriso that is
specially developed for low-energy and passive
houses, with a lambda value of 0.08 W/mK.
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Insulation: Environmental Evaluation

Recommended Acceptable To be avoided

Cellulose fibre* Cellular glass Cellular plastic EPS, XPS
Hemp fibre Lightweight concrete Glass wool

Coconut fibre Expanded clay aggregate Rock wool**

Cork Perlite Polyurethane (PUR)
Wood chips Polyester

Flax fibre* Foamed concrete

Straw Sheep’s wool*

Wood fibre insulation board

‘Wood-wool cement boards Vermiculite

Vacuum-fused fumed silica insulation

Peat Calcium silicate sheets

Corrugated cardboard
Foam glass gravel

Shells

Honeycomb brick***

Textile fibre mats

Notes: * The environmental impact of cellulose fibre, flax fibre and sheep’s wool insulation depends on the additives
they contain. These materials usually contain fire retardants and mould-impeding substances such as boron salt, boric
acid, ammonium polyphosphate or sodium silicate. Boric acid is notified by the European Commision as hormone
disturbing, category 1. Flax fibre insulation is sometimes mixed with polyester to increase the stiffness of the material.

** Rock wool is valuable for fire protection.
*** Also available with mineral granular filling.

plastering. There are low-rise buildings built
of wood-wool cement boards, where the
boards are both load-bearing and insulating.
Also available are wood-wool cement sections
reinforced with softwood supports, less than
3m wide. Prepainted wood-wool boards of
varied wood-wool fineness are available. Pro-
duction of cement is energy-intensive.

Vermiculite (A = 0.053-0.065W/mK) is
made of mica. The material is heated to
800-1000°C, when it divides into thin
boards and curls up into a light and po-
rous mass that is used for thermal insula-
tion, either as loose fill or boards. It can
also be used as an ingredient in concrete
in a 6:1 ratio to make the concrete lighter
and improve its thermal insulation prop-
erties. Expanded vermiculite is chemi-
cally inert, incombustible and withstands
high temperatures. Vermiculite absorbs
more moisture and there is a greater risk
of settling than with perlite. Production is
energy-intensive.
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Cladding

Wood is the cladding that causes the least
environmental stress. If a building is con-
structed using bricks, the construction ma-
terial can also serve as cladding material for
both homogeneous and compound wall
constructions. Some board materials can
be used as cladding. Many materials can be
plastered or painted to give the cladding a
certain appearance.

Concrete (see 1.1.2 Knowledge of Materi-
als and Construction Materials)

Cement based boards (see Boards)

Glass is made from quartz sand, soda or
potash, and limestone. It melts at about
1400-1550°C. There are many types of
glass. Old glass can be recycled into new
glass. Production of glass is energy-inten-
sive. Mechanical mounting should be used
in order to avoid environmentally hazard-
ous sealants.

I.1.3 ASSESSMENT OF MATERIALS
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Flat glass is used for windows, as sheets
for patio roofs and walls, for cladding and
interior partitions.

Energy-efficient glass is coated with a thin
layer of stannic oxide, which is hard and can
be used outdoors, or thin coatings of silver or
gold, which are so easily scratched that they
can only be used within multiple panes. The
layers impede long-wave radiation (warmth)
from escaping through the window. Phos-
phorus oxide (P,0,) can be added to allow
UV radiation to pass through.

Insulating windows are made of two or
three glass sheets separated by hermetically
sealed spaces filled with clean, dry air. Alu-
minjum and flexible packing are the most
commonly used spacers. To reduce energy
loss, the air in the sealed space is replaced
with a heavy gas, such as argon, which slows
convection. There is also new technology
that uses a vacuum.

Sun protection glass serves to reduce the
discomfortindoors from glare and high tem-
peratures. Such glass is normally absorbing
or reflecting, but combinations exist. There
is also a type of sun protection glass where
the level of protection from the sun can be
controlled using an electric signal.

Glass block (‘glass concrete’) is an ex-
ample of a shaped glass product. It is used
for exterior and interior walls. Glass block
can also be used in constructions that re-
ceive quite heavy traffic, such as courtyard
decks. Since a glass concrete construction
consists of many glass sections, heat loss is
relatively high.

Wired glass is flat glass with wire mesh
inserted into it, which provides fire protec-
tion. Wired glass is less durable than an
equivalent sheet of homogeneous glass.

There are two types of safety glass, tem-
pered glass and laminated glass. Tempered
glass is made by warming ordinary glass up
to 600°C and then quickly cooling it down.
If broken, tempered glass fractures into
many small cube-shaped pieces that people
cannot easily cut themselves on. Laminated
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Environmental profiles for two similar exterior
wall constructions with different cladding.
One is clad with wood, the other with brick.

Source: Arkitektur og milje — form konstruktion materialer
— og miljgpavirkning,, Rob Marsh, Michael Lauring, Ebbe
Holleris Petersen, 2000

glass is made by bonding two or more layers
of glass with a thin plastic sheet between the
layers. This type of glass is used for burglary
protection or bullet-proof glass. More en-
ergy is required to produce tempered glass
than non-tempered glass.

Calcium silicate boards (see Sheets table)
Sand-lime brick (see Construction Materials)
Plywood (see Sheets)

Lightweight concrete (sce Construction
Materials table)

Expanded clay aggregate (see Construc-
tion Materials table)

Plaster (see Plaster and Mortar)

Stone (see Flooring). Stone cladding is
installed with special stainless steel metal
anchors and is ventilated on the inner side.
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The town centre and continuing education academy in Mont-
Cenis Sodingen, Herne, in the Ruhr region of Germany. The
centre is made up of various buildings built inside a large
glass building. The glass building is supported on a wooden
construction. It has solar cells on the roof and is ventilated
with natural ventilation via underground pipes. So a microcli-
mate has been created in the enclosed centre.

Source: Architect: Buro Jorda et Perraudin
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Residential area in Hestra, Boras,
Sweden, with both cladding and roofs of
black corrugated cement-based boards
(fibre cement boards).

Source: Architect: Jens Arnfred, Vandkunsten,
Denmark

Untreated larch cladding (when the building
was newly constructed) at the National Parks’
building in Tyresta, near Stockholm.

Source: Architect: Per Liedner, Formverkstan arkitek-
ter AB

Wood cladding treated with inexpensive green vitriol at the
Understenshojden eco-village, Stockholm. Some parts of the
cladding are brick, behind which are bathrooms built entirely
of mineral materials.




Cladding: Environmental Evaluation

Recommended

Acceptable To be avoided

Calcium silicate board

Concrete block Concrete, reinforced***

48

Stucco Cement fibreboard Metal (sheets)***
Sand-lime brick Glass
Clay plaster Ceramic tiles
Stone Expanded clay**
Wood* Lightweight concrete
Wood-wool cement Plywood
Brick

Notes: * Pressure-impregnated wood should be avoided.

** Sandwich panels made of expanded clay blocks with embedded cellular plastic, should be avoided.
*** Reinforced concrete and sheet metal claddings are energy-intensive and have a large environmental impact, but

cannot always be avoided.

Brick (see 1.1.2 Knowledge of Materials
and Construction Materials). Brick is used
as cladding, either as a load-bearing struc-
ture or as a simple cladding.

Wood (see 1.1.2 Knowledge of Materials
and Construction Materials table). Wood
cladding lasts as a rule for 30-50 years. A
significant amount of room should be left
between the cladding and the ground.

Wood-wool cement board (see Thermal
Insulation). The boards have a very good sur-
face for plastering and can be used if a plaster
cladding is desired on a wood building.

Roofing

Choice of roofing material depends on the
slope of the roof. In damp climates roofs re-
quire a good slope to protect buildings from
rain and snow. If a relatively flat roof is cho-
sen, sod or sedum roofing are possibilities.

Cement tiles (roof slope >14°) are made
from sand (75 per cent by weight), cement
(25 per cent by weight) and water. Some-
times lime slag, silicate and iron oxide
(less than 1 per cent by weight) are added.
They have good load resistance and frost
resistance. Cement tiles require less energy
to make than ceramic tiles, but cement
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production is both energy-intensive and
environmentally destructive. There are also
surface-treated cement tiles with an outer
layer of acrylic. Locally made roof tiles
should be prioritized in order to reduce
transportation.

Fibre cement sheets (roof slope >14°)
used as roofing can be corrugated or
flat. Since the boards are relatively light,
the dimensions of roof trusses can be
smaller than for heavy roofs. Cement-
bound fibre sheets consist of cement
(65-80 per cent by weight), filler (lime-
stone or dolomite) and cellulose fibre
(6 per cent by weight). The cellulose fibres
are impregnated with silicic acid (8 per
cent by weight) so that they do not break

Sedum roof.

Source: VegTech AB
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down in the alkaline environment. The sil-
icates used are amorphous. The sheets are
also available with 2 per cent PVA (polyvi-
nyl alcohol) fibre and with fibreglass rein-
forcement. The sheets can be painted with
acrylic paint or dyed with pigment. They
are mounted with screws. Cement produc-
tion is energy-intensive. Smaller sheets are
produced without fibre reinforcement.

Glass (see Cladding) is sometimes used for
roofing in glass-walled rooms and patios.

Green roofing (roof slope >3-45°) (sce
also Vegetation and Cultivation) is a ge-
neric term for grass and sedum roofing.

The thickness of the soil layer can vary from
3—15cm, or may even be thicker in the case
of roof gardens.

There are many advantages to a green
roof: good noise reduction, improvement
of the local climate due to evaporation
from plants, cleaner air since the vegetation
layer absorbs and binds dust and fluff and
releases oxygen. The vegetation layer binds
up to 50-80 per cent of rainwater, so reliev-
ing pressure on the runoff drainage system.
It offers ecological habitats for birds and
insects. Sedum roofs are almost mainte-
nance-free while grass roofs require more
maintenance and risk drying out during
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Grass roof with 15cm
of soil.

Source: Tyresta Museum
of the Swedish National
Parks. Architect:

Per Liedner, Formverkstan
Arkitekter AB

Close-up photo of a
green roof of mixed
sedum species.

Source: VegTech AB
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warm summers. A grass roof with 15cm soil
has a high thermal capacity, and therefore is
not as warm in summer or as cold in winter
as an ordinary roof.

On completely flat roofs, water runs
off poorly and vegetation can be damaged.
Gentle slopes (3—7°) require a drainage lay-
er. Steep slopes require a water storage lay-
er. A roof slope of 7-10° is ideal. When the
slope of a sedum roof is greater than 14°,
the vegetation mats must be fastened to the
underlay. At these slopes and greater, over-
lapped polyethylene sheets could be used as
a waterproof layer. Grass roofs can be laid
on slopes of up to 45° but if the slope is
greater than 20°, the roof must be equipped
with a mat that anchors the substrate (e.g.
braided jute that keeps sand and soil from
running off). Steep grass roofs require rain-
water gutters along the eaves.

Thin sedum roofing (moss-sedum
mat) is 3cm thick, but with slight slopes
an additional 3cm drainage layer must be
added. Thicker herb roofing (sedum-herb
mat) has about 3cm mineral soil, about
3cm drainage and a 3cm water retention
layer (total 9cm).

A true grass roof (sedum-herb-grass mat)
is 12—15cm thick. It has at least 3cm soil,
and the division between drainage and wa-
ter retention layers depends on the slope.

Grass roofs have a long life and are al-
most maintenance free. The layer protect-
ing against root penetration is especially im-
portant for grass roofs. This protective layer
should prevent plant roots from damaging
the vapour barrier. Since the protective
layer provides a second waterproof layer, it
acts also as an extra vapour barrier, which
is good since flat roofs often have problems
with leaks. A cold roof means that the insu-
lation is underneath the vapour barrier and
that there is an air gap between the insu-
lation and the panel on which the vapour
barrier lies. A warm roof is one where the
insulation is above the vapour barrier and
the insulation material should therefore tol-
erate a moist environment.
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Sedum roofs have the same properties
as grass roofs. As they are thinner, they
cannot absorb as much water and have
a smaller heat storage capacity. A sedum
roof is 2-6¢m thick above the waterproof
layer. Succulents (sedum) are especially
suitable plants for these roofs, e.g. English
stonecrop. With sedum on the roof, no
watering is needed as sedum is a succulent.
About 40 different sedum species in a vari-
ety of colours are used.

There are waterproof layers suitable for use
under green roofs made of polythene, polypro-
pylene, polyolefin, synthetic rubber (EPDM
and butyl rubber) and plastomer-modified
asphalt (APP and ECB). Polythene (bubble
sheets that form a vapour barrier) cannot be
joined or glued together. The sheets must
be overlapped on a sloping roof (minimum
15°). Polyolefin mats are custom-made with
notches and flanges for chimneys and pipes.
EPDM rubber is more expensive than plastic
materials and contains some environmentally
hazardous solvents. The best material from an
ecological perspective, according to the Ger-
man Okotest, is plastomer-modified asphalt,
a mixture of asphalt and elastic plastics. This
material is easy to work with, but is most suit-
able for small roofs.

Different layers on a typical metal sheet for
roofing.

Source: VegTech AB
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A grass roof is heavy (120-150kg/m? in
a saturated state) and may require reinforce-
ment of the roof construction. A herb roof
weighs 110-120kg/m?. Thin sedum roofs
weigh 40-50kg/m’ in a saturated state,
which doesn’t normally require reinforce-
ment of the roof.

Metal roofs (copper roofing >3°, double-
seam lock metal >6°, single-seam lock
metal and profiled sheet metal >14°) are
produced using very energy-intensive ex-
traction and production processes which
release many dangerous substances. None-
theless, because thin metal is used, the
energy consumption per m? of roof mate-
rial is moderate. However, environmentally
conscious building contractors should use
metal sparingly.

Steel sheets are made of iron (98 per cent by
weight), which is the least energy-intensive
of metals, but it rusts and must be protected
with a surface layer. There are, however, few
environmentally friendly anti-rust paints.

Steel sheets coated with zinc and/or
aluminium are used for roofing. The metal
is coated with a thin layer of zinc and/or
aluminium for corrosion protection. There
is a certain amount of zinc runoff from hot-
dipped galvanized surfaces exposed to pre-
cipitation. Aluminium-zinc coatings result
in less zinc runoff than hot-dipped galva-
nized steel sheets. In large amounts, zinc
is an environmental hazard, especially for
aquatic organisms. The metal galvanization
process can produce emissions of nickel,
chromium, cyanides and fluorides.

Steel sheets colour-coated with a layer of
PVC, polyester or polyvinyl idene fluoride
(PVF2) are used for roofing. The colour
coating has a life expectancy of at least ten
years. The sheets used are thin, hot-dipped
galvanized sheets. Before coating the sheets
with a PVC layer, they are painted with
primer, such as acrylate, epoxy and poly-
ester. The back is also painted with a thin
layer of epoxy. Plastisol paint is made up
of PVC, softening agents, organic solvents,
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metal salts and pigment. Problems occur
because of the paint flakes. Currently there
are plastisol coatings that are totally phtha-
late-free and that use a polymer or plant-
oil-based softener. Dioxins can form during
uncontrolled burning of PVC (if oxygen
is limited and the temperature is not high

enough).

Stainless steel is defined as an iron-based al-
loy that contains at least 10.5-20 per cent
chromium and a maximum of 1.2 per cent
carbon. Depending on the environment
where the metal is used, it also contains
varying levels of nickel (0.5-14 per cent)
and molybdenum (<3 per cent) (the latter
improves corrosion resistance properties).
The forms of chromium and nickel used in
stainless steel are not dangerous and are not
allergenic. For example stainless steel used
in coastal areas and polluted town or in-
dustrial environments is composed of about
17 per cent chromium, 11 per cent nickel,
3 per cent molybdenum and the remaining
partiron. Thelife of the product is equivalent
to the life of the building, which is, however,
highly dependent on how aggressive the en-
vironment is. Stainless steel should be used
so as to facilitate it being recycled.

Aluminium  production requires large
amounts of energy. During production,
emissions of poisonous fluorine compounds
and large amounts of sludge are produced
that are harmful to the environment. Pro-
ducing recycled aluminium requires less
than 5 per cent of the energy required to
produce new aluminium from bauxite.
As a rule, the life of aluminium is equal to the
life of the building. Normally, aluminium can
be left untreated, but in cities with bad air and
industries it corrodes faster and requires sur-
face protection, i.e. lacquering or anodizing.

Zinc alloys are relatively stable, but produc-
tion of zinc is energy-intensive and results
in the release of many hazardous substances
into the air. Production of 1 tonne of zinc
typically releases about 10kg zinc, 1.8 tonnes
lead and 0.1kg arsenic. Large amounts of
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Both the roof and clad-
ding of Gunnarsnas
manor in Dalsland,
Sweden are made of
slate.
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zinc are an environmental hazard, especially
for aquatic organisms.

Copper sheeting is soft and tough, which
makes it suitable as a covering for compli-
cated roof shapes. Other uses for copper
sheeting are gutters, drainpipes and doors.
Copper releases copper ions which are poi-
sonous to aquatic organisms. Copper con-
centrations in urban waste water are derived
typically as 1 tonne from industry, 1 tonne
from copper roofs and 6 tonnes from the
corrosion of copper pipes in buildings. (In
addition 4-5 tonnes derive from brake lin-
ings.) The use of copper may be restricted
to buildings where it has a cultural-histor-
ical value. Copper sheeting contains pri-
marily pure copper (>99 per cent). Copper
sheeting for roofs and fagades normally has
a long life. In urban environments, copper
surfaces corrode at a rate of about 0.9pm per
year. The City of Stockholm has, as a land-
ownetr, a policy of not using copper in roof
and fagade material in new construction in
areas where water runoff is not treated.

Seaweed (Zostera marina) may be used as
a roof and insulation material on historical

I.I MATERIALS AND CONSTRUCTION METHODS

buildings in districts where roofs were steep
and very thick (600-800mm). They lasted
for several hundred years because the sea-
weed contains a lot of silica. Some seaweed
can be cleaned, dried, chopped and used as

an insulation material in buildings.

Slate (roof slope, double slate >25°)
roofing comes in thin tiles (though not
thinner than 6mm) of split slate. Slate is
waterproof, frost and heat resistant, as well
as resistant to air pollutants. Slate roofs are
regarded as one of the most durable roofs
(lasting at least 100 years). They are easy
to drill holes in and nail onto the roofing
structure. The tiles must be laid with a
lot of overlap (in three layers). Old slates
can be reused on new roofs. Production of
slate tiles is energy-intensive. However, the
greatest environmental impact takes place
when the product is transported from

the mine to the consumer; so local stone
should be prioritized.

Skifferit (the term indicates high slate
content) is an artificial roof material made
of about 75 per cent slate granules, calcium
carbonate, and the binding agent, polyester
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resin. The surface of skifferit is similar to
that of natural slate. It is not, however, as
durable as natural slate.

Thatched roofs made of reeds, great fen-
sedge or straw (roof slope >45°) were
common in the past. Reeds are the best ma-
terial for thatched roofs. Rye or wheat straw
is usually used, though oats, barley and flax
have also been used. The straw should be
ripe, well-grown and threshed. A big dis-
advantage of these roofs is that they are
flammable, which leads to high insurance
costs. Fire retardants are available for straw,
but they are not especially environmentally
friendly. Reeds and great fen-sedge are not
as flammable as straw. Straw roofs laid by
professionals are fairly durable (last about
30 years) and provide some heat and sound
insulation. The straw is bound together or
held down using wooden spars.

Roofing-felt (roof slope, three layers of
felt >0.5°, two layers of felt >3 ©) (asphalt
roofing felt) is made from synthetic felt im-
pregnated with polymer-modified asphalt.
The felt, either polyester felt or mineral-
based felt (e.g. fibreglass), is impregnated
with polymer-modified asphalt (polymer

I HEALTHY BUILDINGS
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bitumen) (60-70 per cent by weight) and
styrene-butadine-elastomer (10 per cent).
The surface is protected from the sun’s UV
light by applying crushed minerals in a va-
riety of colours, e.g. ground limestone, sand
or slate flakes. Roofing felt is available in
sheets or rolls that are laid in an overlapping
pattern. Sheets are attached to the under-
lay with nails and then stuck to each other.

Felt roofs may seem environmentally friendly, but
these days felt roofing is often made of synthetic
materials, such as bitumen-impregnated woven
fibreglass. Bitumen-impregnated woven wool is
also available, but it can be hard to get. Bitumen
is an asphalt product.

Source: adapted from Tréinformations Trdbyggnadshand-
bok (Timber Information Timber Building Handbook)
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Straw roof on the
Open Air Museum
Rocca al Mare in
Tallinn, Estonia.




Roofing felt lasts about 30 years. There are
various types of polymer-modified asphalt
with different properties, such as APP (atac-
tic polyolefin) and SBS (styrene-butadiene-
styrene). The best asphalt from an envi-
ronmental perspective is plastomer asphalt
(APP and ECB). Asphalt products should
not be exposed to interior air since they can
secrete polycyclic aromatic hydrocarbons
(PAHs). A roofing sheet certified by Sunda
Hus AB that doesn’t contain any substances
hazardous to the environment or health is
Sarnafils TG66-15. It is made of flexible
polyolefins and is used for single layer sheet-
ing with ballast or as a membrane.

Roof tiles (roof slope >22° for unrebated,
or >14° for rebated) are made from clay
that is fired at 900-1200°C. The quality of
the clay determines the durability, frost re-
sistance and colour of the tiles. Roof tile is
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s Wooden bearm + cellulose fibre + roof tile
- Environmental profile for 1 m? roof

Wood cofferad + glass wool + zinc sheet metal
Erwironmental profile for 1 m? roof

Comparison of environmental profiles for two types
of roofs, a tile roof and a zinc roof construction.

Source: Arkitektur og miljo — form konstruktion materialer
— og miljopavirkning, Rob Marsh, Michael Lauring, Ebbe

Holleris Petersen, 2000
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laid in an overlapping manner on battens,
and can be fixed to the battens with clips if
there is a risk from strong winds. Roof tiles
last for a long time and replacing individual
tiles is relatively easy. Firing roof tiles is very
energy-intensive. Roof tiles can be glazed or
treated with pigment (iron oxide) to in-
crease their life and to add colour. Produc-
ing surface-treated tiles requires more en-
ergy than producing tiles without a surface
treatment. Locally produced tiles should be
prioritized to reduce transportation.

Wooden roofs [roof slope for board roofs
>27° (in some cases e. g. larch >15°),
shingled roofs >45°] made from split logs,
boards or shingles have been common in
well-forested areas. Timber from spruce,
pine, oak, aspen, cedar and larch is used,
and should be as straight-grained and knot-
free (‘clear’) as possible. Heartwood and
resin-rich types of trees such as larch are
the most durable. Wood roofs must always
be ventilated. Pressure-impregnated wood
should be avoided. Use of imported timber
means that energy consumption to produce
and deliver the product greatly increases
due to energy used for transport.
Hand-split roof shingles can last a long
time (30-100 years). Shingles are split from
logs lengthwise along the grain. Machine

Clay tile roof in China. In China there are three kinds of roof tiles:
ridge tile, roof tile and verge tile. Verge tile is made in order to
provide a harmonious finish to the roof. Wooden bargeboards at

the outer edge of a tile roof are not used in all countries.
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splitting involves cutting through the grain Roof Material: Environmental Evaluation

of a tree, and therefore such shingles are

> X Recommended Acceptable To be avoided

less durable than properly hand-split shin- P -

. . . Grass, sedum Concrete tiles Sheet metal*
gles. Shingles should be laid with an over-
Iap so that there is triple coverage Thick Shale, local Cement fibre sheets Felt roofs**
shingles (shakes), which are often found on Thatching Glass
old churches, are very durable. The steeper Clay tiles
the roof, the longer its life. Rainwater must Wood
be able to run off quickly to avoid damage Notes: * Sheet metal roofs can be a useful alternative in some situations.

** Felt roofs can be better or worse depending on their composition, but they

to wooden shmgles. Shmgles 1mpregnated usually contain environmentally hazardous chemicals.

with oil or regularly tarred last the longest.

Rl 1l

Clay tile roofs are considered to be the best choice from an environ-
mental point of view according to the environmental priority strate-
gies in product design (EPS) method in the life-cycle analysis done Shingled roof on a Norwegian stave church.
by Martin Erlandsson at the Department of Building Materials, the

Royal Institute of Technology in Stockholm. A comparison between

clay tile, concrete and sheet metal roofs was carried out.

Source: adapted from Trainformations Trdbyggnadshandbok

fing lell

Flasning
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Construction of a boarded roof.

Wood roof with notched boards, that is boards with grooves so
water can run off easily, on a test building in the eco-village of
Engeshdjden near Gévle, Sweden.

Source: Architect Anders Nyquist
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Board roofs last as a rule for 30-50 years;
boards are overlapped and grooved boards
(lengthwise) are used to improve rainwater
runoff.

Air- and Water-Proof Barriers

There are different types of air- and water-
proof barriers:

* airtight layers for walls and roofs with
varying degrees of water permeability;

* weatherproofing in wet areas is used in
constructions that don’t tolerate mois-
ture, e.g. wood constructions;

* waterproof layers on the ground and on
roofs that are used for green roofs and
ponds (see also Geomembranes).

Waterproof layers for wetrooms, the
ground, green roofs and ponds are com-
pared in the same table (Weatherproofing —
Watertight).

Airtight Weatherproofing

Buildings should be constructed so that they
are air- and wind-proof to avoid draughts,
energy loss and moisture damage. In build-
ings that are not airtight, moisture damage
can occur where warm air leaks out. There-
fore, it is important that layers of weather-
proofing overlap each other and are glued,
taped or clamped together. It is important
to achieve a tight seal everywhere, and spe-
cial attention should be given to sealing
around gables, chimneys and ventilation
ducts. Wind protection is even used inside
claddings and in roof constructions to pre-
vent air movement in insulation. To get a
durable construction it’s important that the
tape has a long life and is tested.

When using organic insulation materi-
als airtight layers should not have too high a
capacity for stopping diffusion since diffu-
sion through the construction is then pre-
vented, thereby shielding moisture-buffer-
ing properties. Although it is true that most
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interior air moisture escapes through airing
and ventilation, about 2 per cent goes out
through the outer walls if they do not have
too high a water-vapour resistance.

The ability of a material to let through
moisture is measured using water-vapour
resistance. The lower the level, the more
moisture a material lets through. Building
engineers believe that the inside of a con-
struction should have a five to ten times
higher water-vapour resistance than the
outside so that moisture can escape. No
matter how a building is constructed, it is
important that it is easier for moisture to
get out than in. The interior water-vapour
resistance equals the total water-vapour
resistance of the inner surface layers, i.e.
building paper, interior wall-covering and
surface treatment (paint or wallpaper).

Many constructions are themselves air
and wind tight, such as concrete or solid
wood constructions. For such buildings,
it is especially important to make sure the
joints are sealed by using packing and seal-
ing compounds. In lighter constructions,
an air- and wind-tight layer is needed to
prevent draughts, reduce energy losses and
prevent moisture damage. Plastic sheeting
is commonly used, but it is often vapour-
tight. In ecological building, the goal is to
have a layer that is air- and wind-proof but
vapour permeable, so that the material’s
moisture-buffering capacity can contribute
to a better interior climate.

Plasterboard (see Sheet Materials) is wind-
proof, and is used for external wind pro-
tection. In order to get a good windproof
layer with plasterboard, proper sealing of
the joints and edges is important. Water-
repellent plasterboard is coated with a wax
emulsion made of paraffin wax or silicone
sealant to prevent ingress of moisture. In
some cases it may contain fungicides.

Hard fibreboard (see Sheet Materials)
is windproof. Hard fibreboard (3—6mm)
can be used for weatherproofing on the
inside of roofs and as an interior airtight
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board in wall constructions. For moist
environments, wood fibreboard oil-tem-
pered with tall oil or asphalt impregnated
boards is used. Some boards have an exte-
rior coating of wax.

Building paper/felt used to be a common-
ly used weather barrier, but the market has
been taken over by plastic sheeting. In any
case, building paper/felt remains of interest
in ecological building. There are different
kinds available, such as cellulose and textile.
Uncoated building paper/felt is available,
but impregnating the material can make it
more or less vapour-tight. Oils, resins or as-
phalt are used to impregnate the paper/felt.
Building paper/felt with either one or both
sides coated with polythene, polypropylene
and/or polyester, or aluminium foil is also
available. The last is vapour-tight. Wool pa-
perboard and jute felt coated with a thin lay-
er of polythene are relatively permeable and
act as moisture barriers, not as vapour-tight
layers. For certain types of windproofing,
information about additives in the form of
titanium dioxide and UV stabilizers is avail-
able. Kraft liner board is tear-resistant as it
contains woven fabric. In order to achieve a
good windproof layer with building paper,
the joints and edge seals are important. The
paper/felt is laid in an overlapping man-
ner, folded and jammed between mould-
ings. Vapour resistance for unimpregnated
building paper is about 1 x 10°s/m (seconds
per metre). Life is estimated to be 40-50
years. No maintenance is required.

Wool-based felt is made of recycled pa-
per and at least 15 per cent wool. It is soft
and porous, and is often used in floors to
reduce noise.

Plastic sheeting is usually made of poly-
ethylene (PE) with additives, e.g. pigment,
titanium-oxide, UV stabilizers, etc. PE
windbreaks are used inside facade coverings
to block air movements within insulation.
Other areas of use for vapour-tight plas-
tic sheeting are moisture barriers in foun-
dations, walls and roofs; vapour barriers

I HEALTHY BUILDINGS I.I MATERIALS AND CONSTRUCTION METHODS

Water- and wind-resistant building paper/felt at a ecological build-

ing outlet in The Netherlands.

between concrete and wood-based flooring;
as vapour barriers on the ground in crawl
spaces; as well as for building materials dur-
ing the construction phase. PE vapour bar-
riers are normally 0.2mm thick. In some
cases plastic sheeting is reinforced with
fibreglass or polyamide (nylon). Common
plastic sheeting is vapour-tight, but there
is also windproof and vapour-permeable
plastic sheeting, e.g. windproof fabric made
of polyolefin. The latter has pores that are
too small to let through water droplets, but
large enough to let through water vapour.
All plastic sheeting is a petroleum product.
All joints should be sealed, e.g. with butyl
tape. Life is estimated to be 50 years.

I.1.3 ASSESSMENT OF MATERIALS
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Vapour resistance for vapour-permeable
plastic sheeting is 2.7 x 10°s/m. Vapour re-
sistance for vapour-tight plastic sheeting is
2000 x 10%s/m.

Waterproof Layers

Wetrooms must be built so that moisture
problems do not occur. It is best to build
wetrooms using mineral materials that can
withstand moisture, and so avoid having to
use waterproof layers.

When wetrooms are built in wooden
buildings, waterproofing in the floor and
walls is required, but there are no really
good alternatives from an environmen-
tal perspective. The alternatives available
are polymer-based primer, rubber or plas-
tic sheets that are protected by glazed tile
and expanded clay, or bitumen coating or
sheets. (See 1.1.4 Wetrooms.)

Waterproof layers are used in several
places in and around buildings to prevent
water ingress, for example, waterproofing
for green roofs, on the ground and in foun-
dations. Waterproofing on the ground is
used to line dams or to keep water from
undermining embankments and founda-
tions. Whether or not a waterproof layer is
used when building a dam depends on the
type of soil at the site; sometimes it is not
needed to keep the water in.

Bentonite (sodium bentonite) is a clay
that expands when it comes into contact
with water and becomes a hard and wa-
terproof clay-like mass. The material is
used in landscaping, but must be covered

with at least 40cm soil to provide enough
counterpressure. Panels and mats made
of bentonite clay encapsulated between
polypropylene or polythene geotextiles
are available. There are also joint-seal-
ing tapes containing bentonite used in
concrete casting. Bentonite clay is only
found in a few places in Europe, primar-
ily Southern Germany and Greece (Mi-
los). The major bentonite producer in the

world is the US.

Bitumen is a by-product of oil refining.
Asphalt is made by mixing bitumen with
crushed rock. Some bitumen is suspected
of being carcinogenic as certain types of
coal tar with tar components and crack-
ing products contain large amounts of
polycyclic aromatic hydrocarbons (PAHs).
On the other hand, carefully distilled and
‘pure’ bitumen does not contain any un-
healthy substances. If bitumen is protected
from sunlight, temperature variations, and
large amounts of moisture or acids from
the soil, it has a long life. Production of
bitumen is energy-intensive and environ-
mentally hazardous, but is considered to
be less environmentally hazardous than
production of plastic. Bitumen exposed to
sunlight and/or heat can release unhealthy
emissions (PAHs), which is why it should
not be exposed to interior air.

Bitumen coating (asphalt coating) is
used in foundations and basement walls
to prevent intrusion of moisture, and as a
vapour barrier between a foundation wall

Weatherproofing — Airtight: Environmental Evaluation

Recommended

Acceptable

To be avoided

Building paper/felt
Hard woodfibre board
Plasterboard

Building paper/felt, bitumen
Polythene sheeting (PE)
Plasticized polyester fabric

Aluminium foil
Building paper/felt, aluminium

Polybutene

Plasterboard treated with silicone sealant  Polypropylene (PP) PVC

Hardwood fibreboard, latex
Corrugated cardboard

Hard woodfibre board, bitumen
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and a building. Floors, walls and ceilings
in wetrooms can be coated with bitumen
to prevent intrusion of moisture. Bitumen
can also be used as an adhesive when install-
ing foam glass sheets. Oxidized bitumen is
made by blowing warm air (about 250°C)
through distilled bitumen. This process re-
sults in a bitumen that is harder and more
rubber-like than distilled asphalt. Oxidized
bitumen is heated (to a maximum of 180°C)
before being applied as a coating (warm
asphalt). Bitumen products that contain
solvents (white spirit, benzene, petrol and
carbon disulphide) to improve ease of use
(e.g. cold asphalt) are also available. Asphalt
primer used as a primary coat when using
mastic asphalt contains bitumen, some type
of polymer, some type of amine, as well as
organic solvents (which can account for up
to 60-70 per cent). Asphalt primer should

be avoided due to the amines and solvents.

Asphalt-coated paper, textile and felt can
have a basic structure of ragboard, mineral
fibre, polyester or polypropylene felt that is
coated with bitumen and ground limestone
or sand. Asphalt-coated paper is also used
as a water drainage penetration protection
material under roof tiles and must be pro-
tected from sunlight. It both absorbs and
emits moisture and has a moisture-balanc-

ing effect. It can last about 50 years. There
are several types of asphalt-coated paper,

each with an identifying letter or letters, as
shown in brackets below. To waterproof
foundation walls, a bitumen (asphalt)-im-
pregnated (A) or bitumen-coated (Y) back-
ing of building paper, polyester (P) or min-
eral fibre (M) may be used. In some cases
the product is coated with polypropylene
film or slate granules (S). The product can
also have a gap-building granule coating
(Ko) on the underside. Such products may
consist of a fibreglass textile coated with
3—4mm asphalt. The additives used should
be checked. Bitumen barriers are used for
moisture-proofing in wetrooms. Such bar-
riers consist of 65 per cent bitumen and
24 per cent ataxic polypropylene (APP). A
load-bearing material such as a fibreglass tex-
tile and an underside of polyester felt (non-
woven) hold the moisture barrier together.
Wood fibreboard may also be impregnated
with bitumen (asphalt-coated pasteboard)
to increase its moisture resistance.

Rubber mats can be suitable for use in
wetrooms, though joints must be sealed as
they are not waterproof. As the material is
waterproof, it is used in halls and entrances
that receive a lot of pedestrian traffic. It has
a high wear and slip resistance. Both mats
and tiles are available. Rubber can also act
as a barrier layer on level (or slightly slop-
ing) roofs. Synthetic rubber (SBR and
EPDM) is used to make sealing rings for

During restoration of the Katarina Church
in Stockholm in the 1990s, birch bark was
used wherever wood came into contact with
masonry.
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plumbing and weatherstripping for doors
and windows.

Natural rubber floors, in addition to
rubber, consist of 30 per cent by weight
flowers of sulphur, pigment, and kaolin and
chalk filler. They also contain vulcanizing
agents, stabilizers, fire retardants (usually
zinc oxide) and lubricants in the form of
stearin (2.5 per cent by weight). Natural
rubber flooring may also be mixed with
3-50 per cent by weight of synthetic rubber
to improve its characteristics.

Synthetic rubber flooring consists most
often of styrene-butadiene rubber (SBR).
SBR has additives such as stabilizers, fire re-
tardants, vulcanizing agents and softeners.
It tends to shrink and during its production
poisonous nitrosamines are released. Buta-
diene, released in the production of SBR, is
a carcinogen and can cause damage in the
gene pool.

Ethylene-propylene rubber (EPDM) is
completely ozone-resistant, has good heat
and chemical resistance and is thus used
for outdoor rubber parts, e.g. weather strip-
ping and glazing beads. It is also available
as waterproof sheets for green roofs. Mats
of EPDM-based rubber granules are made
from recycled tyres. These are mostly used
for impact sound reduction and weather-
proofing.

Butyl rubber (IIR) is especially noted
for its high diffusion resistance. It is used
as a waterproof barrier in roofs and water

Birch bark is a traditional material in
Norway and Sweden and has been used
as weatherproofing for green roofs (3-20
layers), as moisture protection between
ground plates and foundations, and where
wood comes into contact with masonry.
Birch bark is durable and rot-resistant. It
is moisture balancing and is more suitable
than asphalt roofing felt for protecting the
ends of wooden beams set into masonry.
Today, birch bark is mostly used as a pro-
tective layer in the restoration of old build-
ings. Birch bark was used wherever wood
came into contact with masonry.

Plastic (see the introduction to the Syn-
thetic Materials section as well). Much plas-
tic weatherproofing is made of PVC, but
there are more environmentally friendly al-
ternatives such as polyethylene (PE), poly-
propylene (PP) and mixtures of these called
polyolefins. Air-gap-building moisture bar-
riers of PE and PP are available in the form
of plastic sheeting. They cannot be melted
or glued together, but must be installed
overlapping each other. The sheets are used
on sloping roofs (at least 15°), on the exte-
rior of basement walls and sometimes as a
moisture barrier in floors built on concrete
foundations. The intention is to create both
a waterproof layer and an air gap that can
be ventilated and prevents capillary action.
Such sheets consist of at least 0.35mm-
thick high-density polyethylene (HDPE)

which is dimpled in order to create an air

reservoirs. gap. Polyolefin mats are made to measure,
Weatherproofing — Watertight: Environmental Evaluation

Recommended Acceptable To be avoided

Bentonite Polyester Bitumen coating

Birch bark Polythene (PE) Polyisobutene
Polyolefin Polymer-based primer
Polypropylene (PP) PVC
Rubber* Roofing felt**

Notes: * It is difficult to give general criteria for synthetic rubber and mixtures of natural and synthetic rubber. Rather,

the ingredients in the rubber mixture need to be examined.

** Roofing felt can be better or worse depending on the ingredients used, but usually contains environmentally

hazardous chemicals.
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with notches and flanges to fit round chim-
neys and pipes. Plastic film made of low-
density polyethylene (LDPE) and PP can be
used as a vapour barrier for wetroom floors
and foundations. Sheets are available that
are reinforced with fibreglass or polyamide
(nylon). Plastic film is taped at the seams.
Plastic barriers may contain UV stabilizers
and other additives such as preservatives,
antioxidants and stabilizers, as well as flame
retardants.

Plastomer-asphalt board, textile and felt
are materials made by mixing bitumen with
certain synthetic materials, and thereby
improving technical characteristics signifi-
cantly. Such mixtures are called polymer-
modified bitumen (plastomer asphalt).
They can be divided into three categories:
styrene-butadiene-styrene (SBS bitumen),
APP (atactic polypropylene) and ethylene
copolymerized bitumen (ECB). Plastomer
asphalt should be protected from sunlight,
heat and oxygen. The production process is
environmentally destructive, but there are
no health dangers from the finished prod-
ucts. SBS improves the characteristics of a
barrier material, particularly at low tem-
peratures. The mats may consist of 60-70
per cent SBS bitumen and 10 per cent
styrene-butadiene rubber (SBR). They are
reinforced with fibreglass, polyester or jute
and also contain filler. Polyester reinforce-
ment is most common. The mats may have
an outer coating of sand or stone powder.
According to the German Okotest, the best
barrier material for green roofs from an
ecological perspective is plastomer asphalt
(APP and ECB). The material is easy to
work with, but is most suitable for small
roofs. Mats made of APP bitumen are rein-
forced with polyester felt.

Polymer-based primer is used to prevent
moisture from penetrating down through
the joints between ceramic tiles or the un-
derlying sheet material or concrete foun-
dation. Polymer or rubber dispersion is

brushed or rolled onto the wall. When it
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dries, a waterproof elastic film is created that
also covers cracks. The primer often consists
of polymer dispersion (e.g. acrylate disper-
sion). For wetrooms, liquid waterproof bar-
rier material based on rubber solutions and
containing up to 50 per cent mineral filler is
also available. Common fillers are limestone
and dolomite. Additives include preserva-
tives and thickeners. Most of the common
preservatives are allergenic. Sealants for tiles
and expanded clay may contain chlorinated
paraffins. The polymer primers considered
to be the least environmentally harmful are
those based on acrylate polymers. Their
life is about 40 years. The raw material for
polymer and synthetic rubber dispersions is
petroleum.

Sheet Materials

Sheet materials are used both for interiors
and exteriors, in dry areas and wetrooms,
for external surfaces and interior construc-
tions, for weatherproofing or as load-bear-
ing structures.

Asphalt sheets are wood fibreboards im-
pregnated with bitumen. Raw asphalt (bi-
tumen) makes up about 12 per cent of the
weight of a sheet. Bitumen-impregnated
wood fibre sheet also contains paper, and
alum and bentonite (clay) additives. The
glue contains a certain amount of free
formaldehyde (about 0.1 per cent), which is
equivalent to about 7mg/kg sheet. In some
cases, aluminium sulphate (which protects
against mould) is added. There are hard,
medium-hard and porous impregnated
wood fibre sheets. Asphalt sheets are used
as a water repellent and windproof layer in
environments exposed to moisture. Asphalt
(bitumen) is a product from oil refining and
should not be used indoors due to the risk
of polycyclic aromatic hydrocarbon (PAHs)

emissions.

There are several types of cement-based
boards available. A feature they all have
in common is that they contain Portland
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cement as a binding agent. There is cement-
based chipboard and cement-based fibre-
board with cellulose, glass or plastic fibre
reinforcement. They tolerate moisture and
frost and are fire-resistant, but cement pro-
duction is energy-intensive.

Cement-based chipboard is flat. Chip-
board with magnesite as a binder is also
available. Although more expensive, it is an
environmentally friendly alternative to glue-
bound chipboard. It is heavy and used as
building sheets for walls and floors such as ce-
ment chipboard tongue-and-groove flooring.

Cement-based fibre sheeting may be cor-
rugated or flat. Corrugated sheeting is used
as roofing or cladding. Flat sheets are used
in wetrooms, on fagades and as wind protec-
tion. Cement-based fibre sheets consist of
cement (65-80 per cent), filler (limestone
or dolomite) and cellulose fibre (6 per cent
by weight). To prevent the cellulose fibres
from breaking down in the alkaline environ-
ment, they are impregnated with silicic acid
(8 per cent by weight). Some sheets contain
a mixture of about 2 per cent synthetic fibre
(polyvinyl acetate, polypropylene or calcium
silicate) and there are sheets that are rein-
forced with fibreglass. The sheets may have
a surface coating of acrylic and they may
also be coloured with pigment. Aluminium
stearate is sometimes used as an additive.

Gypsum fibreboard consists of gypsum
paste and cellulose fibre from recycled pa-
per that has been sprinkled with water and
compressed under high pressure. Gypsum fi-
breboard may contain potato starch binding
agents and/or have a silicone sealant surface
coating (0.3 per cent by weight). Gypsum
fibreboard is stronger than gypsum board,
is windproof, fire-resistant, heat-retentive,
moisture-buffering and sound-absorbent.
It can be used in damp areas without extra
additives. Gypsum fibreboard is available as
tongue-and-groove elements for subfloors.

Gypsum board consists of a core (about
95 per cent) of gypsum (calcium sulphate)
with pasteboard glued to both sides to give
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the board adequate tensile and flexural
strength. There are two forms of gypsum:
natural gypsum and industrial gypsum. The
additives used in production are mostly
consumed in the process, i.e. tensides, dis-
persing agents, retarders and accelerators.
Either starch or polyvinyl acetate (PVAc)
glue (about 1 per cent by weight) is used
between the gypsum and the pasteboard.
Gypsum sheets are windproof, fire-resis-
tant, heat-retentive, moisture-buffering and
sound-absorbent. They are used in interior
walls and ceilings, but also as exterior wind
protection. Fire-resistant gypsum board
contains kaolin (clay) and vermiculite, and
may be reinforced with fibreglass. Water-
repellent gypsum board has a wax emul-
sion coating consisting of paraffin wax or,
alternatively, silicone sealant. The boards
sometimes contain fungicides; they have
low emission values.

Straw board can be made from wheat, bar-
ley or flax. The straw is glued together with
its own lignin. When moist, fungal growth
may occur.

Calcium silicate board consists of cal-
cium silicate (produced from quicklime
and highly quartzose sand or crushed sand-
stone), cement and filler (mica, perlite or
vermiculite). The board is reinforced with
a little cellulose fibre. They are autoclaved
(hardened) at a high moisture level and high
temperature to obtain good shape reten-
tion. The board is durable, moisture- and
mould-proof, and fire-resistant. They are
used both inside and outside, in wetrooms,
in ventilation ducts and where a high stan-
dard of fire resistance is required. They are
manufactured in England, Belgium and
Scotland, among other places.

Plywood is a strong sheet material used
both indoors and outdoors. It is used as wall
panelling, for concrete shuttering, for car-
pentry, as well as for construction purposes.
Plywood sheets consist primarily of veneer,
thinly peeled sheets of wood from both
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softwood and hardwood that are cut to a
suitable size, dried and glued together into
sheets. Plywood is made of at least three lay-
ers of veneer glued together with the fibres
in each layer lying at right angles to fibres
in the next layer. The most commonly used
adhesive is phenolic resin glue (PF), which
makes up 5-10 per cent by weight. A PF-
glued plywood sheet releases <0.01mg/m?
formaldehyde.

Laminated core board consists of a wood
strip core with an outer layer of veneer. The
core is made is such a way that moisture
movement is reduced to a minimum. The
veneer is thin peeled sheets of wood glued
together. Blockboard consists of wood strips
and glue. A distinguishing characteristic of
the sheets is that they are highly durable
and flexible. Laminated core board is used
for carpentry and interior fittings. The main
environmental problem with laminated core
board is the formaldehyde in the phenolic
resin glue. However, as these sheets only
contain glue in thin joints, the gas release is
much lower than from chipboard.

Laminated sheet (plastic laminated chip-
board) is used for floors, furniture, ceilings
and worktops where a high standard of hy-
giene is required. The chipboard is made of
sawdust (about 87 per cent) and glue (UF
resin). UF resin may contain small amounts
of free formaldehyde. The outer surface
consists of pressed paper with a surface
coating of melamine plastic. Other addi-
tives (<1 per cent by weight) include wax,
urea, ammonia and ammonium sulphate.
The measured level of formaldehyde from
laminated chipboard is about 0.07mg/m?.
Formaldehyde may also be present in the
melamine coating, but in a hardened state
the risk of emissions is small.

Clay sheets, reinforced with reeds, are
made primarily of aluminium silicates. Clay
mixed with fine quartz sand and small mica
flakes makes a good construction material
with a good moisture-buffering capacity. In
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Germany, construction sheets of strong reed
mats plastered with clay are available. They
are used primarily indoors to increase the
moisture-buffering property of inner walls.

MDF, HDF, LDF, etc., fibreboard (dry
process wood fibreboard) is closely com-
parable to chipboard with regard to chemi-
cal composition and production method.
The glue content in dry process fibreboard
is 5-10 per cent by weight. Dry process
wood fibreboard consists of wood and urea-
formaldehyde glue. It may also contain
small amounts of wax, urea, ammonium
sulphate and iron sulphate additives. Pheno-
lic resin may contain small amounts of free
formaldehyde. Wood fibreboard is used for
wallboard, subflooring, roof underlay, ceil-
ings, laminated flooring and in the furniture
industry. Oriented strand board (OSB) is
made from long, thin wood strands (0.6—
65mm) that are dried and aligned parallel
to one another and then coated with glue.
In every panel, three such wood strand lay-
ers are glued turned through 90° to each
other. Because of the orientation of the
long wood strands, OSB board is consider-
ably stronger than normal chipboard. It also
swells and shrinks little and holds its shape.
Because of its strength, it is used in load-
bearing constructions such as beams, but
also for interior partitions. Formaldehyde
in the phenolic resin glue is the main envi-
ronmental problem with OSB board. The
proportion of glue is, however, only 2-3
per cent by weight (normal chipboard has
about 7 per cent by weight) and it therefore
emits less formaldehyde and is more suitable
than regular chipboard for interior use.

Hemp fibreboards are made from hurd,
a waste product from hemp textile manu-
facturing. This medium-density fibreboard
is free from formaldehyde and has zero
volatile organic compound (VOC) emis-
sions but does contain a binding agent. It
looks like OSB board and is marketed in

Germany.
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The interior walls in the Toresdotters’ home in Skérgardsstad, Sweden,
were built using hard fibreboard on a layer of gypsum board. The walls
are covered with fabric. All the walls can thus be used as bulletin boards.

Chipboard with formaldehyde consists
of wood chips and glue (about 7-10 per
cent by weight). The binding agent used is
primarily formaldehyde resins or UF glue
(urea-formaldehyde). The glue contains
low levels of formaldehyde and phenol. The
formaldehyde does not harden completely
and the excess releases gas over a long pe-
riod of time. If the chipboard is exposed to
moisture, some formaldehyde may also be
released. El-labelled chipboard releases up
to 0.1ppm formaldehyde, which is equiv-
alent to about 0.015mg/m? interior air.

Critical toxicologists believe that this level is
too high. If a small room is filled with furni-
ture made of chipboard and the chipboard
is unpainted or there is air contact via drill
holes and sawn edges, the formaldehyde
level in the room can exceed the recom-
mended value. Additional additives (<1 per
cent by weight) are wax, urea, ammonia and
ammonium sulphate. Chipboard is used for
flooring, walls, ceilings and furniture.

Chipboard with isocyanates, such as MDI
board, contains diphenyl-methane-4,4-
diisocyanate. Isocyanates are made using
a dangerous and energy-intensive chlorine
production process in which poisonous
phosgene is made to react with carcinogenic
aromatic amines.

Wood fibreboard (wet process) is pro-
duced by chipping and grinding (defibring)
wood, diluting it with water, and compress-
ing it using heat and pressure. The wood
lignin acts as a binding agent, which means
that very little (<2 per cent by weight) or
no glue is needed. The glue used is phe-
nolic resin glue or phenolic-formaldehyde
glue. Wood fibreboard produced using the
wet process releases very low levels of
formaldehyde. Hard, medium-density and
porous boards are available. Additives used
(about 1-3 per cent) include aluminium sul-
phate (for mould protection), ammonium

Sheet Materials: Environmental Evaluation

Recommended Acceptable To be avoided
Gypsum plasterboard Asphalt board MDF board*
Gypsum fibreboard Cement-based boards Chipboard, formaldehyde

Straw board

Calcium silicate board
Clay board, reed reinforced Plywood
Chipboard, magnesite OSB board*
Wood fibreboard

Wood-wool cement board

Reed mats

Corrugated fibreboard

Hemp fibreboard

Laminated wood board*

Laminated sheet

Chipboard, isocyanates
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Note: * In Switzerland there are levels for formaldehyde glue content. Sheets with less than 3 per cent glue are
recommended (laminating sheet), 3-5 per cent glue is acceptable (OSB board), and greater amounts of glue content

should be avoided (chipboard and MDF board).
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sulphate (to increase fire resistance) and iron
sulphate. These salts do not pose a health
danger. In environments exposed to mois-
ture, wood fibreboard oil tempered with tall
oil or impregnated with asphalt is used.

Wood-wool cement board (see Thermal
Insulation)

Reed mats are a traditional construction
material. They have been used for a long
time as a plaster base on wood walls to
hold plaster in place. Reeds have relatively
good thermal insulating properties. They
are moisture repellent and due to their
high content of silicic acid are sufficiently
fire-resistant so that impregnation with fire
retardant is not necessary. The reed stalks
are laid tightly and parallel to each other
and held together with galvanized iron wire
or hemp string to create flexible mats with
a thickness of 2—10cm. They are easy to cut
and work with.

Pasteboard is used along the base of a roof
to keep insulation in place so that the air
gap isn’t obstructed. Pasteboard can also be
used on the inner side of roofs when insu-
lating attics and lofts.

Plaster and Mortar

Plaster and mortar consist of a mixture of
binding agents, aggregate, water and addi-
tives. Plaster is used to give a wall an aes-
thetically pleasing weather protection. Plas-
ter usually consists of three layers: a thin
scratch coat, a roughcast plastering layer
and finally the finishing coat. Washing with
a thin layer of plaster is a method that brings
out the texture of the substrate. A plaster
should never be stronger than the substrate,
otherwise it can easily fall apart. Plastering
is labour-intensive, but a good lime plaster
application has a life of 40-60 years.

Cement plaster is mostly used on exte-
riors. It can be used on concrete walls,
concrete blocks or expanded clay and light-
weight concrete blocks. First, all cracks and
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unevenness must be repaired or smoothed
with cement mortar (with a ratio of 1 part
cement to 3 parts sand by volume). The sur-
face is brushed with a cement grout made in
the same ratio. Finally, the surface is plas-
tered with cement plaster with a ratio of 1:1
cement/sand for solid concrete and 1:3 ce-
ment/sand for blocks, lightweight aggregate
(LWA) or lightweight concrete. With a few
coats of the top layer of plaster applied, the
surface becomes almost waterproof. Pro-
duction of cement is energy-intensive.

Cement mortar has a ratio of 1 part ce-
ment to 3/4 parts sand by volume, plus wa-
ter. The mortar is strong but not elastic. It
has a minimal moisture-absorbing capacity,
is frost-resistant and goes off slowly. Ce-
ment mortar is used primarily in the laying
of ceramic tiles. Since cement mortar is so
strong, ceramic tiles or bricks laid using ce-
ment mortar cannot be reused.

Lime cement plaster is used a lot outdoors.
It is somewhat stronger than lime plaster
and more elastic than pure cement plaster.
Exterior wall plaster consists mostly of a ce-
ment or lime mortar containing sand and
various additives. Usually, the binding agent
in cement constitutes 30-50 per cent by
weight. If much cement is used in exterior
wall plaster, the wall is denser but also acts
as a vapour barrier. Too much cement in the
plaster makes it impossible for moisture in
the wall to escape, so that parts of the mortar
may loosen. Lime cement plaster has a lower
moisture-buffering capacity than lime, gyp-
sum and clay plaster. Adding 25 per cent
perlite results in an insulating plaster.

Lime cement mortar consists of lime,
cementand sand in a volume ratio of 1:2:10,
1:1:7 or 2:1:11. Lime cement mortar must
contain at least 35 per cent by volume
cement. Lime cement mortar is strong, elas-
ticand frost-resistant. It has a relatively good
moisture absorption properties and hardens
relatively slowly. It can be used for all types
of interior and exterior masonry. Since lime
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cement mortar is weaker than brick, it is
possible to reuse brick laid using it.

Lime gypsum plaster and lime gypsum
mortar consist of 10 parts by volume of
lime, 1-5 parts gypsum and 30-40 parts
sand. Less sand is used when mixing is done
by hand and more sand is used when ma-
chine mixing. For better viscosity, starch
may be added, which is especially important
for machine-mixed plaster. Lime gypsum
plaster is not waterproof, but can be used
under tiles in wetrooms. The plaster can be
damaged if water is sprayed directly on it.
The plaster regulates air moisture well. This
takes place via mineralization, whereby
lime is reformed from calcium hydroxide
through the absorption of CO, from the
air. When painting the plaster with lime
paint, a pretreatment is necessary.

Lime plaster contains slaked lime, sand (in
the ratio 1:3 by volume) and water. This
plaster both absorbs and releases moisture.
The lime is fired at 1000°C to make quick-
lime, and is then slaked with water to make
slaked lime. Less energy is required to make
lime than to make cement. Lime has a dis-
infectant effect and is therefore especially
good as a binding agent in joints and mor-
tar. Lime plaster is applied in several layers
until it is about 1.5cm thick. Pigment addi-
tives must be alkali-resistant and must not
exceed 10 per cent by weight.

Lime mortar is made up of 1 part lime to
2/3 parts sand, plus water. The mortar is
elastic and relatively hard, but it isn’t very
resistant to water or frost. The mortar hard-
ens quite quickly, can absorb moisture and
contribute to balancing humidity. Since
lime mortar is weaker than brick, it is pos-
sible to reuse bricks laid with lime mortar or
lime cement mortar.

Hydraulic lime mortar consists of hydrau-
lic lime and sand mixed in a ratio 1:2-4,
plus water. A distinguishing characteristic of
hydraulic lime is that it hardens through a
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reaction with water into a product that is
water repellent. The mortar is elastic, is rela-
tively strong, balances humidity and resists
frost, as well as hardening quickly. It can
be used for all types of interior and exterior
masonry.

Hydraulic lime plaster is made from a par-
ticular type of limestone that, besides calci-
um carbonate, contains silicic acid, alumin-
ium oxide and iron oxide. Hydraulic lime
plaster (or lime-pozzolana cement mortar)
is stronger than ordinary lime plaster.

Clay plaster consists of 75 per cent sand and
20 per cent clay by weight. Straw, flax, hemp
and animal hair may be used as reinforce-
ment. It has a significant moisture-buffering
capacity. Clay plaster can be dyed with earth
pigment or painted with emulsion paint
or lime paint. Cracking can occur if dry-
ing takes place too quickly. For clay walls,
it is important that the moisture content

of the base layer is lower than 5 per cent.

Clay plaster in a variety of natural colours.
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For outdoor plastering, the result is greatly
influenced by the weather. The layer should
be 2-3cm thick. Many old recipes for clay
plaster and wattle-and-daub walls include
ant hill, moss and horse or cow manure.
Animal glue is also sometimes used in clay
plaster. In Germany, ready-to-use clay plas-
ter is sold in powder form to be mixed with
water on site. Clay plaster requires an uneven
substrate in order to bond to a wall. Wood
walls can either be roughened or have reed
mats fastened to them for the clay to bond
to. Clay plaster and mortar can be reused by
dissolving them in water.

Clay mortar consists of 5 parts clay to 1
part sand, plus water. Clay mortar is elastic
but weak and has poor water- and frost-
resistance. Clay mortar is used to lay blocks
of clay or clay straw and can be used to lay
lightly fired brick. Clay mortar is also used
to make tiled stoves, which makes it easy to
dismantle them.

Silica plaster is a 1-3mm thick plaster
for outdoor use on mineral substrates.
The binding agent in the plaster is a potas-
sium silicate solution. It is strongly alkaline
and therefore requires no preservatives.
Sodium  silicate reacts with the mineral
substrate to create a water-repellent but
vapour-permeable exterior surface. It has
good durability. The plaster can only be
dyed with alkali resistant pigment, e.g. iron
oxide and titanium oxide. There are also
silica plasters on the market that contain
synthetic resin dispersions.

Woven Wallcoverings
and Wallpaper

Most cellulose-based wallpaper has a plastic
coating so that it can be wiped clean. If a
paintable wall lining with a surface struc-
ture is required, fibreglass-free cellulose fab-
ric can be used. Jute fibre wallpaper has a
coarser and more uneven structure. Woven
wall coverings can also be made from other
natural fibres such as cotton, flax, hemp and
wool, but these are less common. They are
sometimes reinforced with fibreglass.

Cellulose fabric is used as a paintable wall
lining and contains cellulose, binding agents
and in some cases polyester. Information
on binding agents is inadequate. Cellulose
fabric may be treated with flame retardants.
The material has a felt structure and is rela-
tively soft and easy to work with.

Glass textile wallcovering is made from fi-
breglass impregnated with polyvinyl acetate
(PVAc) and starch. During construction, fi-
breglass may cause discomfort from itching
and skin irritation.

Jute fibre wallcovering usually has a rela-
tively coarse structure. Cultivation, harvest-
ing and care of the plant is labour-intensive,
but jute harvests are twice as big as hemp
and five times as big as flax harvests. About
96 per cent of the world’s production is
grown in Asia. Jute wallcovering is extreme-
ly absorbent and can therefore be treated
with an oil-based paint as a primer and then
painted with another type of paint.

Plaster and Mortar: Environmental Evaluation

Recommended Acceptable

To be avoided

Gypsum plaster
Gypsum lime plaster
Lime plaster

Clay plaster

Silica plaster

Cement plaster

Synthetic resin plaster*

Lime cement plaster

Note: * e.g. styrene acrylic
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Woven Wallcovering and Wallpaper: Environmental Evaluation

Recommended

Acceptable To be avoided

Cellulose fabric
Natural fibre wallcovering  wallcovering*

Paper wallpaper

Synthetic fibre Glass textile wallcovering

Plastic wallpaper

Note: * Depending on the kind of fibres used.
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Wallpaper may be made from cellulose,
mineral fibre or plastic with an application
of printing ink. Most wallpaper, including
cellulose wallpaper, is coated with plastic
(acrylate/vinyl acetate) for protection and
so it can be cleaned.

Flooring

The floor is the part of a building most
exposed to wear and dirtc. When choosing
flooring, it is important to assess ease of
cleaning, maintenance and life. A distinc-
tion is made between flooring for dry and
wet areas, hard and soft floors, floors for
public areas and for homes. Floors often
consist of three layers: the structural system,
the screed and the surface material. Screed-
ing can be accomplished using levelling
compounds, mats or sheets. A floor can be
floating (on sand), laid on a subfloor or on
joists. How a floor is fixed affects its envi-
ronmental impact. Glues are often problem-
atic from an environmental point of view.
Therefore, flooring and floor constructions

without glue or with small amounts of glue
should be chosen. Carpets in small rooms
can lie loose, kept in place with skirting, but
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are usually glued to the subfloor. It is also
possible to fasten them using staples hidden
behind skirting.

Bamboo is actually a grass that, among other
things, is cultivated in China in fields until
reaching its full height of 35 metres. Bamboo
is extremely quick growing and grows at least
seven metres per year. It is often grown with-
out chemical means of control. It is harder
than oak and tolerates light well. Bamboo
floors can be sanded. Colour can vary from
quite light to dark caramel tones depending
on how much it is heated in an oven during
the manufacturing process.

Concrete is used as an outer surface for in-
dustrial floors or in secondary areas such as
garages. Normally, hardened cement and
concrete are durable with regards to sta-
tionary water, alkaline substances, oil and
weak acids. Concrete tiles are produced
to look like imitation stone and coloured
with iron oxide. To avoid problems with
dust, concrete floors are treated with paint
or dust binding agents such as silicate or
concrete oil.

Cement mosaic (terrazzo) flooring is
made of cement paste, crushed rock and
pigment. Marble or limestone are usually
used, but granite, feldspar or quartz can
be used to make a harder floor. Cement
mosaic is durable and skid-resistant but
doesn’t tolerate heavy loads. The sur-
face is machine-polished, emits less dust
than a concrete floor and is easy to clean.
Cement mosaic can be poured in place

An example of
an oiled bamboo
floor, sold by
Nordic Bamboo.
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Three types of flooring:
linoleum, wood and ceramic tiles.

(15-20mm) or obtained as tiles (40—
60mm). It is used in public places such as
shops, stations and schools, as well as in
wetrooms. As a surface treatment, silicate
or soap is suitable.

Rubber (see 1.1.2 Knowledge of Materials
and Weatherproofing)

Clinker slabs are hardwearing and toler-
ates liquids, are in principle maintenance-
free and easy to clean, but their production
is energy-intensive. Clinker slabs are made
from special clays based on aluminium sil-
icate, quartz and chalk. The tiles are fired
at 1200-1300°C. They are available glazed
or unglazed. Glazing is carried out by fir-
ing ground mineral pigment onto the sur-
face. Unglazed tiles can be press-moulded
using high pressure prior to firing. This
method provides an unglazed surface with
the same density as a glazed tile, and with
ten times better scratch resistance. Clinker
slabs can be set in cement mortar or glued
with cement-based glues and joined using
mortar. A clinker slab surface is not totally
watertight because of the joins, therefore
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the substrate must be either mineral and
tolerate moisture, or be equipped with a
moisture-proof layer. For floors that re-
quire good slip resistance, special tiles
with hard mineral particles on the surface
can be used. Tiles with a lead glaze should
be avoided. Domestic tiles should be

Nora® flooring material is made up of rubber and
does not contain either phthalates or halogens
(e.g. chlorine). A step in the right direction.
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Calcium carbonate flooring LifeLine™ from Upofloor Oy.
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prioritized, as ceramic is heavy and trans-
portation is very energy-intensive.

Cork (see Thermal Insulation) provides a
hard-wearing, soft and easily cleaned floor.
Most cork tiles have a surface coating of
plastic resin, such as PVC plastic. They
may even have a PVC coating on the un-
dersurface. Cork tiles with PVC should be
avoided. Cork tiles without a surface coat-
ing are treated with oil and wax. The tiles
are glued to the subfloor.

Calcium carbonate flooring contains 50—
80 per cent by weight calcium carbonate
(depending on the type), which is a natural
mineral, and 2045 per cent by weight ther-
moplastic polymers, as well as pigment and
acrylic polymers for surface reinforcement.
A calcium carbonate floor for public areas,
called LifeLine™, was developed by and is
produced by Upofoor Oy, the leading floor
manufacturer in Finland. The flooring does
not contain any hazardous substances and is
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A cork floor that has been treated with oil and
wax.

installed with environmentally friendly glue.
The very low level of total volatile organic
compounds (TVOC:s) of <5pg/m? are pres-
ent after four weeks. LifeLine™ is intended
for use in all types of public environments.
The product is recommended in the Sunda
Hus (Healthy Buildings) database.

Laminate (see Sheet Materials)

Linoleum consists of a wear surface with
a woven jute backing. The wear surface is
made of binding agents (oxidized linseed
oil and natural resin), filler (wood flour,
cork flour, ground limestone) and pigment.
The linoleum mixture must be thoroughly
hardened to avoid too many emissions.
Linoleum is hard-wearing and muffles im-
pact noise but is sensitive to moisture. Zinc
carbonate is sometimes used as an additive.
The floors usually have an exterior surface
of polyurethane varnish, polyacrylate, or
PVC plastic and are glued to the subfloor
with EVA adhesive (ethylene vinyl acetate).
Linoleum floors should be regularly waxed
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Natural resim

Wood flour

and cleaned using dry-cleaning systems.
Avoid linoleum mats with foam back-
ing. Colophony, which is an allergen, is a
natural resin that is often present in small
amounts in linoleum.

Plastic floors are made from PVC, poly-
urethane or polyolefins. PVC and poly-
urethane should be avoided for environ-
mental reasons. Polyolefins (polyethene,
polypropylene and mixtures of these) are
relatively eco-friendly plastics, depending
on the additives used. Polyolefin floors
are more difficult to maintain and not as
hard-wearing as other plastic floors; they
also require greater preparation of the
subfloor. Better plastic floors are being
researched. The polyolefin floors on the
market may contain sand, limestone and
aluminium compounds, flame retardants,
an anti-static finish, oxidation protec-
tion and pigment. Both mats and tiles of
polyolefin are available, often with a wear
surface of polyurethane (PUR) or acry-
late. The floors are glued and the seams
sealed with polyolefin weld rod. They do
not tolerate heavy, wet traffic and aren’t
used in wetrooms as they are difficult to
seal tightly. Plastic floors often generate
static electricity, but can be treated with
an anti-static finish.

Stone floors are hard-wearing. Slate,
limestone, marble, soapstone and gran-
ite are suitable stone materials for floor-
ing. Marble is naturally antiseptic,
which makes it appropriate for use in
dining rooms, kitchens and bathrooms.
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Stone floors can be ground and polished,
which facilitates cleaning but may result
in a slippery floor. Natural stone can be
laid in mortar on concrete. In outbuild-
ings, winter gardens, etc., stone can be
laid in sand or earth without caulking.
Use of domestic stone minimizes energy-
intensive transport. A few stone materi-
als emit radon. Stone floors can be oiled,
soaped or treated with wax to avoid grease
spots. Stone can be damaged by strong al-
kaline or acidic substances.

Brick (see Construction Materials table) as
flooring is laid in mortar or sand. Bricks can
be reused if they are laid in sand or laid us-
ing lime mortar. The brick surface can be
treated with linseed oil.

Terracotta tiles are made from alumina
(aluminium oxide) which is fired at the
relatively low temperature of 900°C. They
may be surface-treated with wax and/or
oils. They are used for home flooring, but
are not watertight. The material is porous
and has a humidity-balancing effect on the
indoor atmosphere.

Textiles used for most wall-to-wall car-
peting are made of synthetic materials
such as polyamides, polyester or poly-
acrylonitrile. The carpeting has a back-
ing of woven polypropylene or woven
polyester as well as a foam plastic under-
lay of synthetic rubber (SBR) or poly-
urethane (PUR). Synthetic carpet con-
tains additives such as anti-static agents,
anti-dirt agents, disinfectants and flame
retardants. Natural materials used to

Linoleum is made from natu-
ral materials, but it is often
coated with a thin plastic
layer to protect it.
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Oiled wood block floor.

make carpets include sheep’s wool, goat
hair, coconut fibre, sisal and hemp. Wo-
ven jute is used as a backing and textile,
latex or polyurethane (PUR) as under-
lay. Avoid natural materials treated with
flame retardants or mothproofing, and
carpeting with a polyurethane (PUR) un-
derlay. There are also carpets made from
mixtures of synthetic and natural fibres.
Sometimes textile carpets are glued to the
floor; to avoid glue you can fix the carpet
with fabric hook-and-loop fasteners (Vel-
cro) instead. Wall-to-wall carpets absorb
dust, are difficult to clean and have a rela-
tively short life.

Solid wood floors are hard-wearing, can
be renovated and may consist of boards,
parquet segments or end-grain wood
blocks. Wood flooring can be nailed,
screwed, snapped together, glued or
fastened down with screwed baseboards
or metal strips. Glued or nailed floor-

ing is difficult to reuse. Suitable timbers

for flooring are pine, spruce and aspen
(soft); birch, beech, oak and ash (hard-
wearing), as well as elm and maple. As-
pen does not splinter.

Laminated wood flooring consists of
several layers of wood material glued
together. The core material may be solid
wood, chipboard or wood fibreboard. To
be called laminated parquet, the outer
layer must be at least 2.5mm thick. Glue
is the main environmental problem.
Formaldehyde resin water-based glue
(urea-formaldehyde resin glue) or polyvi-
nyl acetate (PVAc) are commonly used.
UV acrylic lacquer is usually used for fac-
tory lacquered flooring. An environmen-
tal evaluation of laminated parquet has to
consider the core material, the amount of
glue and the surface treatment.

A simple parquet floor laying system.

Source: Tarkett

Flooring: Environmental Evaluation

Recommended Acceptable

To be avoided

Cork without PVC or PUR
Coconut fibre, sisal, jute carpets Cement mosaic
Linoleum Ceramic tiles

Stone, local Natural rubber

Cement, dust-binding agents

Plastic mat, pvc
Synthetic rubber
Textile, synthetic
Textile, foam-backed

Textile, wool*

Plastic mat, polyolefin

Wood, laminated, chipboard

Solid wood Wood, laminated, not chipboard
Bamboo
Calcium carbonate

Brick

Note: * Watch out for fire-retardant and insect-proofing additives.
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Screed Material

There is a difference between screed that
has to be spread and liquid screed (self-
levelling). Concrete floors often need a sur-
face screed before laying the floor. Liquid
screed based on either Portland cement or
aluminous cement with some or no Port-
land cement added is available. There is
also liquid screed made from a mixture of
aluminous cement, Portland cement and
granulated blast-furnace slag. Production
of cement is energy-intensive. Products
used on an inorganic underlay, e.g. con-
crete or stone, should be based on inorganic
substances.

Portland cement-based liquid screed
consists of Portland cement (30—40 per
cent), sand (45-50 per cent) and filler,
i.e. fine mineral material (5-15 per cent).
In the past, the use of liquid putty with
casein additive in combination with Port-
land cement could cause odour problems.
The high pH of Portland cement in com-
bination with a high level of moisture in
concrete may cause emissions from glue
and carpets.

Aluminous cement-based liquid screed
consists of aluminous cement (30-40 per
cent), sand (45-50 per cent), and filler,
i.e. fine mineral material (5-15 per cent).
There is low-alkaline aluminous cement-
based liquid screed that contains casein. It
poses considerably less risk of odour prob-
lems compared to earlier Portland cement-
based liquid screed with casein additive.
Aluminous cement contains lime, marl
and sandstone, as well as gypsum. Ground
limestone, dolomite, fly ash and slag are
used as fillers. Polymers used in screed mate-
rial are mostly vinyl acetate based. Additives
include anti-foaming agents (<1 per cent)
in the form of mineral or silicone oil, in-
organic salts, cellulose and melamine-based
liquefiers (<1 per cent). Liquid screed both
with and without liquefiers is available.
At present, primarily liquid screed with
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Screed Material: Environmental Evaluation

Recommended Acceptable

To be avoided

Aluminous cement*

Portland cement

Cement mixtures

Note: * Avoid screed material with superplasticizer.

a melamine resin-based liquefier is used,
which is stable in an alkaline environment.
Melamine-based liquefiers may release very
low levels of formaldehyde.

Filler (Wall, Roof and
Wood Filler)

Filler usually comes in the form of a paste,
but is also available as a powder to be
mixed with water. It can be applied manu-
ally or sprayed. There is two-part filler and
one-part filler. The health risks of work-
ing with one-part filler have to do mostly
with allergenic substances in the preserva-
tives and binding agents. Oil filler should
be used under oil paint. Its use could be
significantly reduced by concentrating on
careful groundwork instead. Water-based
filler often contains biocides. If filler con-
tains lime or cement, the use of biocides
can be avoided.

Gypsum filler consists of slaked lime, gyp-

sum and sand.

Light filler and sand filler consist
mainly of dolomite. Other raw materi-
als that may be included are cellulose,
gypsum, aluminium compounds and
plastic-based additives. There are often

Filler: Environmental Evaluation

Recommended  Acceptable To be avoided

Gypsum filler
Light filler*
Sand filler*

Two-component filler

Note: * If possible, avoid fillers with biocides.
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biocides in this type of filler. Other ad-
mixtures that may be present include
anti-foaming agents, pigment, addi-
tives, etc.

Two-part filler consists of a reactive sub-
stance (e.g. epoxy), solvents, filler and
hardeners. Two-part filler is used for
filling wood, concrete, plastic and metal.
The health risks of working with two-part
filler have to do primarily with allergenic
substances in the filler, e.g. epoxy harden-
ers and benzoyl peroxide. Epoxy hardeners
are corrosive. Other problematic substanc-
es possibly present include isocyanates
(allergens), of which toluene isocyanate
(TDI) is also carcinogenic. Solvents can af-
fect the nervous system. Styrene is, in the
EU, questionable from a health point of
view (hormone disturbing). Preservatives
are often poisonous to aquatic organisms.
Of the softening agents, dibutylphthalate

is classed as environmentally hazardous.

Adhesive Compounds

Adhesive compounds used to fasten tiles
are available for both outdoor and indoor
use. Water-based adhesives usually con-
tain biocides. However, if the adhesive
contains lime or cement, biocides are not
necessary.

Cement-based adhesive compounds con-
tain Portland cement, sand, limestone flour,
small amounts of cellulose as well as dry
dispersion. The products may also contain
a plastic additive of polyvinyl acetate, acry-
lates and calcium formate. Adhesives with
plastic additives contain biocides. Avoid
cement-based adhesive compounds with
plastic additives.

Plastic-based adhesive compounds con-
sist of two-component epoxy. The base is
primarily composed of resin. The hardener
may contain substances from groups such
as amines and phenols, and the filler can be
made of glass particles or wood flour. Plastic-
based adhesives contain biocides. Avoid these
adhesive compounds with a plastic base.

Paint, Surface Finishes

Paint consists of binding agents, pigment,
solvents and additives. Since each paint has
its own particular recipe, it is not possible
to say that a certain paint is good or bad
for the environment. In order to find out,
it is necessary to know the paint’s ingre-
dients. The EU flower is an environmen-
tal label for paint and surface treatments.
EU flower criteria for paint with regard to
health and the environment are, among
other things:

1 There are special restrictions on the use
of white pigment.

2 The level of volatile organic compounds
must not exceed certain levels, e.g. 15g/L
(including water) in matt wall- and ceil-
ing paints, and 60g/L (including water)
in glossy paints for walls and ceilings.

3 The level of volatile aromatic hydrocar-
bons in wall paint must not exceed 0.1
per cent by weight in the end product.

4 Ingredients or preparations must not
contain cadmium, lead, chromium VI,
mercury, arsenic, barium (except bari-
um sulfphate), selenium, antinomy or
compounds containing them. Cobolt,
to a certain amount, is accepted in the
siccative.

Adhesive Compounds: Environmental Evaluation

To be avoided

Adhesive compound, plastic-based

Recommended Acceptable

Adhesive compound,* Portland cement

Note: * If possible avoid adhesive compounds with biocides.
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5 The product must not be classified as
very toxic, toxic, hazardous to the en-
vironment, carcinogenic, reprotoxic,
mutagenic or irritating (exception risk
phrase R43) in accordance with Direc-
tive 1999/45/EG. There are specific re-
quirements for some ingredients, such
as formaldehyde, isothiazolinone com-
pounds, glycol ethers, etc.

Alkyd oil paint contains alkyd oil, organic
solvents, pigment and additives. Alkyd oil
is made from boiling together an oil, an
acid and an alcohol. The oil can be a lin-
seed oil, soya oil, tall oil, Chinese wood
oil or castor oil. The oil molecules are en-
larged in the process, thereby shortening
drying time and making the binding agent
more resistant to chemicals and weather-
ing. Alkyd paint has a function similar to
linseed-oil paint. The white pigment, how-
ever, consists of titanium dioxide instead
of zinc oxide. Inert carbon compounds are
used as filler. The same type of siccative is
used as in linseed-oil paint and fungicides
are almost always included. Also included
are anti-skinning agents (about 0.3 per
cent), and usually methyl ethyl ketoxime
(which is an allergen). A final coat of alkyd
oil paint usually requires about 35 per cent
organic solvents. Today’s alkyd oil paints
are not a good environmental choice due
to their high levels of organic solvents and
additives.

Fireproof paint has in some cases become
more eco-friendly than earlier. There are a
lot of different contents, and watch out for
additives. Methods of construction using
fireproof materials, for example using large
dimensions or a gypsum covering to pro-
vide protection for wood structures, afford
fire protection with not too much environ-
mental impact. Steel structures can also be
covered with gypsum. The use of sprinklers
is a modern method to protect, for example,
multistorey buildings of wooden construc-
tion, without the use of fireproof paint.
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Emulsion paint (tempera paint) is usually
made from oil emulsified in water with pig-
ment/filler additives (1050 per cent). Ex-
amples of emulsifiers used are egg (egg oil
tempera) or casein (casein tempera), which
also act as binding agents (10-50 per cent).
Prepared paint may contain small amounts
of preservative, small amounts of a drying
agent (0.1 per cent) and a thickening agent
(cellulose-derived, a few per cent). Linseed
oil, tall oil or alkyl oil are the commonly
used oils. Castor oil is sometimes added
to prevent yellowing. Emulsion paint is
considered eco-friendly but may contain
environmentally hazardous additives. Paint
containing alkyl phenol etoxylates, the dry-
ing agents cobalt/zirconium salts (which
are allergens and poisonous to aquatic or-
ganisms), and isothiazolone preservatives
such as Kathon, Bit or Bronopol should
be avoided. Without preservatives, the
shelf-life of paint in a can is limited, but
paints without preservatives are available.
Drying requires bright light and good air
circulation, since several substances are re-
leased during the drying process. Painters
sometimes complain about headaches and
eye and bronchial irritation while working
with egg oil tempera, but the substances
released do not pose a long-term health
or environmental hazard. The paint may
be diluted with water and may be used on
most surfaces. It can be applied as a cover
or a glaze. The finish varies from flat to
high gloss. Egg oil tempera takes time to
dry, about 24 hours to surface-dry and
three weeks to dry completely. The paint
is difficult to touch up without it showing,.
The most eco-friendly alternative is to mix
egg oil tempera (egg or egg powder, oil, wa-
ter and pigment) on site.

Fibre paint is paint that is reinforced with
fibre resulting in an appearance that re-
sembles a plaster surface. Fibre paint may
consist of fibre, water, binding agents, filler
(such as calcium carbonate and talc) and
preservatives. An example of a fibre paint
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Glaze paint in the
church at Salta mill,
just outside Jérna,
Sweden.
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is paint with cellulose as a binding agent
which is strengthened with cellulose fibre.

Priming oil and primer may contain high
levels of organic solvents (usually white
spirit) but there are water-based alternatives.
When painting exterior wood, the first step
is to impregnate end-grain surfaces, joints
and nail holes with a penetrating priming
oil. After that, the wood is primed using
primer, and then one or two top coats of
paint are applied. Water-based oil mixtures
or oil mixtures that are almost exclusively
linseed oil of varying viscosity can be used.
The primer should, besides penetrating and
being water repellent, provide a good sur-
face for the top coat to adhere to. Primer
consists of penetrating oils, solvents and
pigment or filler. Common primer usually
contains fungicides. Primer without organic
solvents is preferable.

Impregnating wood in order to protect it
from fungi and infestation by insects can in
principle be done in two ways, as a preven-
tive measure or an active treatment.

I.I MATERIALS AND CONSTRUCTION METHODS

* Use high-quality wood in vulnerable lo-
cations, e.g. use pine or larch with a high
proportion of heartwood for cladding,
and oak heartwood underground.

* Use wood in structures where the wood
is kept as dry and well-ventilated as pos-
sible. Fungi only grow on moist wood.
For example avoid moisture absorption
at the ends of boards by leaving a sig-
nificant margin of at least 30cm between
vertical wood panelling and the ground.
Combining building elements made of
different materials can cause problems
where the materials meet, e.g. wood and
plaster, or wood and metal.

* Work with passive impregnation, e.g. use
preventative methods before a tree is felled
and in the timber yard. Passive impregna-
tion is also possible by using protective
surface treatments (e.g. linseed oil), or by
burning the wood’s surface as a charred
surface layer protects the rest of the wood.
An alternative to using wood preserva-
tives is heat treatment (Heatwood, Lu-
naWood). These alternatives make the
lumber resistant enough to be used above
ground. Heat treatment, however, reduc-
es the strength of the wood, which means
that the lumber cannot be used for con-
structions exposed to large weights.

* Treatment using active impregnation, i.e.
some form of poison, should be used as
little as possible. According to architect
Bjorn Berge, the least poisonous but also
the least effective active impregnation
substance (where repeated treatment is
required) is tar, soda+potash and green
vitriol.

Conventional preservatives are made up
of copper compounds, often in combina-
tion with amine and organic fungicide,
or chromium and possibly arsenic. These
preparations, which
used for most impregnated wood, bind to
the wood (most often pine) and result in
the characteristic green colour. Inspected

water-soluble are
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55% polymer
in latex emulsions

1 0,
\socyanate resing 0.9 o

41% modified
vegetable oil
products

Asphalt 0.6%
Other binding agents 0.6

Ingredients of a modern paint. The pie chart shows that the binding agents (4 per cent) may pose
environmental or health risks. Additives may also constitute environmental and health risks, e.g. the
biocides. Some solvents and pigments are also problematic.

Source: Alcro-Beckers brochure, Malarfarg och miljé

Paint consists of:

most important component. It holds the paint
together and affixes It to the underiay,

Solvents, about 36%. Makes Ihe paint thinnes
They evaporate completely when the paint dries

Pigment, about 30%. Pravides the colour ant covers
the: underlay, extends and strengihens the painl

Additives, about 2%. Helper substances that in small
amounts affect the paint's qualities, e.0., faster drying time,
prevention of skin formation or keeping the surface mould free.

pressure impregnated lumber is labelled by
the Nordic Wood Preservation Council
(NTR). Waste must be managed according
to municipal regulations.

Lumber is now also available that is pres-
sure impregnated with linseed oil (Linotech).
There is also non-toxic acetylated wood
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(Titan Wood), and furfurylated wood that is
treated with a furfuryl alcohol solution, which
is a renewable raw material (Kebony). These
alternatives are currently more expensive than
conventionally impregnated lumber.

Green vitriol is a hydrate of iron sulphate
(FeSO,-7H,0O) that has anti-fungal and
mould properties. It is a completely colour-
less liquid when applied (if a small amount
of pigment is added, it is possible to see the
area already covered). After application, the
surface turns a silver-grey-green colour and
then a chemical reaction takes place with
the wood and there is a colour change to
darker or silvery shades. Green vitriol can
also be used on mineral materials resulting
in an ochre yellow or rust red colour tone.
Green vitriol can cause skin irritation and
is hazardous to aquatic organisms bur it
doesn’t bioaccumulate and is considered to
have an insignificant impact on the environ-
ment. A well-proven method is to leave the
fagade untreated for a year to be exposed to
weather and wind so that the surface ten-
sion in the wood disappears. The wood is
then treated with green vitriol, though at
half-strength compared to normal (which is
usually 5 per cent).

Lime, cement, silicate 1.7% | Total 4%
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Examples of
paint and sur-
face treatments
recommended
for gypsum-,
paper- or wood-
based materials
on ceilings or
interior walls,
as well as treat-
ments for more
vulnerable wood
panelling and
carpentry work.

Examples of
types of paint
and surface
treatments suit-
able for timber
cladding.

Examples of
paint that can
be used for eco-
friendly surface
treatment of
exterior brick
walls.
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Examples of
paint and sur-
face treatments
for a room with
wood panelling.
Distemper may
flake off.

Suitable surface
treatments

for floors of
mineral-based
materials.

Examples of
environmentally
friendly surface
treatments for
exterior clad-
ding of light-
weight concrete,
plaster and/or
natural stone.




Lime paint and lime cement paint consist
of slaked lime (binding agent and pigment)
and water, and in lime cement paint there
is also cement. Dolomite may be used
as a filler. If a colour other than white is
required, limeproof pigment must be used
(e.g. earth colours). Factory-produced lime
paint may contain styrene, cellulose and latex.
In Germany lime paint containing casein is
even suitable for use on rough-sawn wood. Ad-
ditives containing styrene should be avoided.
This type of paint is strongly alkaline, which
means that eye and skin protection is required
when working with it. Lime paint has a long
history of use and is environmentally friend-
ly. The first coat should be pure lime water.
Factory-produced lime paint and lime cement

paint require only two coats. The paint should
not be applied in strong sun or if there is risk
of frost. The paint weathers with time, and
so repainting must take place relatively often.
Lime paint breaks down more quickly in an
acid environment. Lime cement paint is less
sensitive to acid environments and results in a
stronger, more robust surface.

The binding agent in casein paint is based
on natural lactic acid casein. Casein paint
also contains calcite and chalk filler, as well
as pigment (e.g. white titanium dioxide). It
may also contain essential oils (e.g. thyme,
lavender and eucalyptus), linseed oil, bees-
wax, shellac, borax, potash, zeolite or white
slaked lime. The paint may be diluted with

A

Eqg oil 1
Watural resin paint
Stain + d

-

Suggestions for surface treatment of interior window wood-
work. The easiest maintenance is oiling about every five
years. To prevent yellowing, the wood surface must first be

luted or white pigment may be added to the oil.

ash and non-spla

treatments to be used in wetrooms.

Suitable surface treatments for organic flooring materials.
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Some examples of materials, paints and surface
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an allergic reaction from citrus turpentine.
When using paint containing citrus peel
oil, skin should be protected, there should
be good ventilation, and a charcoal filter

mask should be used.

Clay paint s, just as it sounds, made of clay.
This type of paint is common in Germany
and was introduced in Sweden by Ekolo-
giska Byggvaruhuset AB. The paint is sold
in powder form to be mixed with water on
location. It binds to all absorbing surfaces
indoors. It is made up of clay and natural
earth pigment. No plastics or preservatives
are used.

Varnish, e.g. UV-hardened acrylate var-
nish, is very important for the furniture
industry. The binding agent may have a
polyester, polyurethane or epoxy resin base.
As a rule, it does not contain organic sol-
vents. Acrylate monomers can, however,
cause allergies, which is why this type of
varnish is not used for manual spraying
in factories. Polyester varnishes, urethane
varnishes and cellulose varnishes are other
commonly used varnishes. It is difficult to
find varnishes without evaporating solvents
or other dangerous substances. Water-based
varnishes have been developed to improve

A home near the sea in Gothenburg, Sweden, cladding treated with

green vitriol. the work environment, but their techni-

Source: Architect Gert Wingérd cal qualities are often inferior to solvent-
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water. Casein paint is an interior paint
suitable for a variety of surfaces and can be
used as a primer and as glaze paint with e.g.
beeswax glazing. Casein paint should be
applied thinly, otherwise there is a risk of
cracking. The paint produces a matt finish
that is waterproof and doesn’t attract dust.
Casein paint in the can is considered per-
ishable and has a limited shelf-life: it lasts
about six months and cannot be used once
it starts to turn rancid, easily detected by
the smell. Casein paint is available in pow-
der form for mixing on site. Citrus peel
oil (citrus turpentine) is used as a solvent
in some of these paints. There is a risk of
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based varnishes for treatment of table tops,
worktops, kitchens and bathrooms. There
are varnishes that prevent penetration of

UV radiation and so counteract yellowing

A wall of unburnt clay bricks, coated with casein
paint.
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of wood. The raw materials are based on
products from the petrochemical industry.
Varnish provides a durable surface but is
difficult to touch up. Surfaces often have to
be sanded down prior to revarnishing.

Le Tonkinois, an old French company,
sells a high-quality lacquer with the follow-
ing contents: 70 per cent linseed oil (raw
cold pressed and refined) and 30 per cent
heavy oil (Chinese wood oil). Le Tonki-
nois contains no aromatic, chlorinated or
essential oil solvents, nor anything that is
dangerous in contact with the skin or when
breathed in.

Soft distemper (glue paint) may consist
of about 1 per cent glue (binding agent),
33 per cent water (solvent) and 66 per cent
chalk (pigment). Cellulose or animal-based
glue may be used. The white pigment in
soft distemper is chalk (CaCO,), though
coloured pigment may also be used. A small
amount (less than 1 per cent) of casein (as
an emulsifier) may be added to soft dis-
temper to reduce chalking. Soft distemper
without preservatives is available (it has a
limited shelf-life) so the production date
should be checked at time of purchase. Soft
distemper is also available in powder form,
which saves on transport costs of water in
the finished paint. Linseed oil-reinforced
soft distemper is available. The addition
of linseed oil makes it possible to clean the
painted surface. Avoid soft distemper with
environmentally hazardous additives. Some
on the market contain additives such as
plastic and preservatives, e.g. isothiazolino-
nes such as Kathon or BIT or Bronopol (can
cause allergies and is highly toxic to aquatic
organisms). Soft distemper is used on inte-
rior walls and ceilings on most substrates. It
leaves a lustrous, even, matt finish. Soft dis-
temper should be applied in thin coats. It is
difficult to touch up invisibly. The paint is
sensitive to mechanical damage and can rub
off (if it isn’t fortified with linseed oil).

Linseed oil paint consists of 40-50 per
cent linseed oil (binding agent), 30-40 per
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cent pigment (in the form of zinc oxide or
titanium oxide) which is sometimes partly
substituted with filler (calcium carbonate
or barium sulphate), as well as a tint colour
(often earth colours). Drying agents (sic-
catives in the form of metal compounds)
are used (about 0.1 per cent) and biocides
(about 1 per cent). Up to 5 per cent organic
solvents can be included in the final coat to
achieve good brushability.

The first two undercoats are usually di-
luted with greater amounts of solvents, but
linseed oil-based primer containing practi-
cally no organic solvents is available. The
linseed oil may contain a certain amount
of linseed stand oil. Linseed oil paint con-
taining more than 5 per cent solvents is to
be avoided, as is linseed oil paint contain-
ing environmentally hazardous substances.
Cobalt or zirconium compounds are some-
times used as drying agents. The biocide
may be carcinogenic. Small amounts of
zinc oxide are acceptable. During drying,
various substances are released that may
smell and cause irritation but they do not
pose a health risk. Linseed oil paint has
been used since the 18th century on both
interior and exterior woodwork. The paint
is durable, withstands wear and has a low
moisture transfer capacity. Good weather
conditions are required for paint applica-
tion. Timber cladding is normally painted
with three layers: two undercoats and a fi-
nal coat. Linseed oil takes a long time to
dry. Heat treatment (boiled linseed oil),
light treatment or drying agents shorten
the drying time. With linseed oil there is
a risk that oil-saturated rags and cotton
waste may self-ignite, and they should thus
be stored in closed glass jars.

Lye and whitener change the appearance of
various kinds of wood. Lye solutions can be
used to lighten or darken the colour of wood.
Caustic soda (sodium hydroxide solution
or caustic soda), sodium carbonate (wash-
ing soda or soda ash), sodium hypochlo-
rite (chlorine) and borax are examples of
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substances contained in lye used for floors.
Solutions usually contain 1-10 per cent of
these substances. After treating a floor with
lye, it is either given a soap treatment, oiled
and/or waxed. As lye is corrosive, protective
equipment should be used. Lye treatment of
pine flooring is most common. A sodium
hydroxide solution results in a light tone
being retained by the sapwood, while the
heartwood becomes reddish brown. Spruce
flooring treated with a sodium hydroxide so-
lution turns a light greyish colour. Oak and
beech treated with sodium hydroxide solu-
tion become brownish. Other types of wood
take on different hues, which is why a small
test area should be tried before treatment.
Different shades of lye are available for treat-
ing floors. A tone that gives a hint of the re-
quired shade on the finished floor should be
chosen. The blondness of pine and spruce
can be further enhanced by adding a whit-
ener to the lye, e.g. titanjum dioxide, lime,
chalk or talc. Whitener is generally included
in the oil, soap or wax used to protect the
tree after lye treatments.

Solvents and thinners are differentiated.
A thinner (or diluent) is a liquid that thins
paint to the desired consistency without
dissolving any of its ingredients. A solvent,
however, dissolves a solid substance in the
paint. Nonetheless, the same liquid is often
used as both a solvent and a thinner.

The most common thinner and solvent
currently used for surface treatments and
paints, other than water, is white spirit.
Other mineral solvents made from petro-
leum have product names such as dilutin,
varnolen, thinner, xylene, toluene, etc. In
low aromatic white spirit or isoaliphate, the
most dangerous hydrocarbons (aromatic
hydrocarbons) have been removed.

Turpentine is a name for different types
of solvents. It was the most commonly used
organic solvent until white spirit came on
to the market. Gum turpentine, which is
distilled from the resin of coniferous trees,
and citrus turpentine (made from citrus
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peels), are used by companies that want to
use renewable raw materials. In gum tur-
pentine, it is mainly the substance delta-3-
carene that is an allergen. Citrus turpentine
contains limonene, which is poisonous to
aquatic organisms, bioaccumulates, is an al-
lergen and affects the liver.

All organic solvents cause ground-level
ozone formation, which damages vegeta-
tion, irritates respiratory passages and in-
creases the greenhouse effect. Long-term
use can damage the central nervous system.
Paint and surface treatments without or-
ganic thinners and solvents or with as few

as possible should be used.

Natural paints originate in the German
environmental movement. An important
sales argument is that paints made from
natural products are favourable from an
environmental and health perspective.
However, natural products can pose a
health risk, so it is important to be careful
even when choosing natural paint. Natural
paints consist of binding agents (such as
beeswax, natural resins, essential oils and
casein substances), solvents, filler, pigment
and sometimes siccatives (drying agents).
The natural resin colophony, used in some
paints, is an allergen. Common to all these
paints is that they do not contain softeners
or strong solvents such as white spirit. In
some products, however, a synthetic isoa-
liphate product or lemon peel product is
used as a solvent. These solvents are said to
be less dangerous to inhale than white spirit,
but there is a risk of allergic reactions from
citrus products. The long-term risks for ex-
posure to isoaliphate and citrus turpentine
are similar to the long-term risks of expo-
sure to white spirit. Some paints contain
cobalt-zirconium, which is carcinogenic if
breathed in the form of grinding dust.

Carpentry oils of many different variet-
ies are available. Usually wood oil contains
a mixture of alkyd, resin (natural resin =
gum from different kinds of trees), balsam
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Wood floor treated with lye in architect Mattias
Rickert’s own house in Skaffanstorp, Skane,
where tha walls are built with wood-wool cement
blocks.

(= mixtures of resins and volatile oils) and
solvents. To make a product dry quicker,
siccatives (drying agents) that may contain
cobaltand/or manganese may also be added.
Wax is added to some wood oils to provide
extra protection from water penetration.
Some oils can penetrate the wood slightly
and provide deeper protection; other oils
stay on the surface and protect against wear.
Oils may be pigmented and used as a glaze.
Wood oils commonly contain too much
organic solvent. Oils can be emulsified in
water, a process which makes it possible to
get rid of the dangerous solvents. There are
wood oils available that do not contain any
organic solvents or water. Where the oil is
emulsified in water, attention should be
paid to the biocides and preservatives. Oils
for surface treatment products mostly come
from plants, though there are animal and
mineral oils. Synthetic resins and alkyds are,
for example, produced from the latter.
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Pigment is the most important ingredi-
ent in a paint as it provides the colour. In
the construction sector, pigment may be
divided into three main groups: inorganic
natural pigment (such as earth colours),
inorganic synthetic pigment and organic
synthetic pigment. It is important to know
how they react in different mixtures. In lime
mixtures, only lime-resistant pigment may
be used. Certain pigments are more suitable
for oil mixtures. Earth pigments are usually
suitable for use in most types of paint. The
light stability of different pigments varies.
Earth pigments are the most reliable in this
respect. Earth pigments are usually iron
oxides or ferric hydroxides, whose environ-
mental impact is minimal.

Inorganic synthetic pigment is produced
from chemical reactions between various
metal oxides and minerals. Pigments made
in this way produce stronger colours than
inorganic natural pigments, especially in the
blue and violet range. Metal oxide pigments
are often named after the metal which is the
main ingredient, e.g. chrome yellow, chro-
mium oxide green or zinc white. Copper,
chromium, lead, cadmium, zinc and cobalt
can cause environmental damage. Lead,
cadmium and some forms of chromium
are especially dangerous. Titanium oxide
is by far the most commonly used pig-
ment. In the case of titanium oxide, it isn’t
the pigment itself that is problematic, but
rather the two processes used to produce
the pigment. The sulphate process involves
considerable emissions to the air as well as
sulphurous waste, and the chloride process
creates waste containing chlorine. The EU’s
environmental labelling directive for interi-
or paint restricts emissions from production
of titanium dioxide.

Organic pigments can have a very strong
chromaticity and brilliance. Many have a
very complicated composition, such as azo
pigments, especially with bright yellow, or-
ange or red colours. Light stability and heat
resistance vary. Of the organic pigments
used in paint production, a few, such as
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azo pigments, give rise to aromatic amines,
which are a health and environmental risk.
Countries may have various bans on pig-
ments containing lead, chromium/chro-
mates and cadmium.

Plastic paint (latex and acrylic paint) con-
sists of polymers (binding agents), water,
pigment, filler and additives. The polymers
(plastic particles) are dispersed in water. The
advantage of these paints is that they do not
contain organic solvents; however, they may
contain additives that are unhealthy and en-
vironmentally dangerous, though in small
amounts. Polymers are of petrochemical
origin. Plastic paints are easy to apply, dry
quickly, do not yellow and can be wiped
clean. They are available in a range of finishes
and as both top coats and glazes. Locally pro-
duced paints with low emission levels, and
without coalescing agents, drying agents and
environmentally hazardous tensides should
be chosen. Research is under way to make
available plastic paint in powder form.

Anti-rust paint is used on metal. In
order to achieve a long-lasting result it is

important to remove all rust first. Generally,
both primer and top-coat anti-rust paint fall
into the category of non-aqueous alkyd oil
paint, but epoxy-based and water-based anti-
rust paint is also available. The least environ-
mental impact is achieved by using closed
processes, factory lacquering with epoxy lac-
quer, and paint with zinc phosphate, linseed
oil and a minimum of solvents; or alterna-
tively some form of natural graphite paint or
natural anti-rust paint. Linseed oil curing is a
treatment with pure, heated linseed oil.

Silicate paint formerly used pigment sus-
pended in water, which was then fixed with
potassium silicate (also known as water-
glass). This type of paint can still be pur-
chased. Currently ready-mixed silicate dis-
persion paints are most commonly used.
They consist of 10-30 per cent potassium
silicate (binding agent), 25-45 per cent
chalk, talc or titanium dioxide (pigment
and filler), as well as 5 per cent acrylate
copolymer (stabilizer), and 20-60 per cent
water. Silicate paint may also contain a co-
alescing agent (usually 0.5-1 per cent glycol

Paint pigments.
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ether). The acrylate copolymer is usually a
styrene/butyl acrylate copolymer, but due
to the small amount used in the paint, sili-
cate dispersion paints are regarded as envi-
ronmentally friendly. The paint is strongly
alkaline, which means that precautions and
protective measures must be taken by those
using it. Silicate paint is applied to mineral-
based materials. Chalk as well as strongly
coloured pigments are available for use in
this kind of paint. The binding agent bonds
chemically to the substrate, resulting in a
strong paint coating. The paint is water-
vapour permeable, durable and waterproof.
From an environmental perspective, it is
best to mix the paint on site using the old
method, so avoiding the use of acrylate co-
polymers and coalescing agents.

Distemper consists of about 65 per cent
water, 5 per cent flour (binding agent),
20 per cent pigment and 1 per cent green
vitriol (fungicide). Nowadays 8 per cent lin-
seed oil is often added to increase the bind-
ing capacity and prevent it from flaking off.
In its basic form it is a relatively environ-
mentally friendly paint that has been used
for several hundred years. There is some
lead in Falun red paint (<0.15 per cent after
being mixed), which is not recommended
according to the Swedish Chemicals Agency
guidelines for substances to be phased out.

Environmentally certified distempers
in the Sunda Hus (Healthy Buildings)
database include products from Mister
Olof Naturfirger, Kulturhantverkarna
and Auro.

Ready-to-use canned paint also contains
a preservative (a biocide) so the paint won’t
rot in the can. Biocide use can be avoided
by using paint powder and mixing on site.
Biocides used include allergenic isothiazoli-
nones, hydroxymethyl urea, etc. If linseed
oil is added, a tenside is required for the
linseed oil to mix with the water. Distem-
per containing polyvinyl acetate (PVAc)
is also available. Distemper is applied out-
doors on rough-sawn timber, and one coat
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may be enough. The paint is microporous
and completely matt. It is available in vari-
ous colours: light red, dark red, brown,
black, white, blue, yellow and green. Light-
coloured distemper paint is more sensitive
to mildew and bleeding. The pigment used
in genuine Falun red paint is exclusively
Falun red pigment. Breathing protection
should be used when rubbing down Falun
red paint due to its quartz content (long-
term inhalation of quartz can cause silico-
sis). On-site mixing eliminates the need for
preservatives.

Soap is used as a surface protection on un-
treated, lye-treated and oiled wood. Soap
for use on stone and concrete is also avail-
able. Soap used for treating floors should,
however, not be mistaken for washing
soap used for cleaning. Floor treatment
soap may contain saponified vegetable and
drying oils. This soap is available both as
a liquid and a paste. Avoid soap contain-
ing environmentally hazardous ingredients.
Soap may contain tensides which are dirt
removers, and some of the many tensides
available are poisonous. Green soap should
not be used as washing soap on wood floors
as it eventually turns them a light greenish
colour. When ordering new floors that will

Sheet metal roof without rust:
1. Ol cunng + linseed oll paint or natural
i paint,

s brand of natural rust
Int + linseed cil or natural

wand of rust protection paint.
oll graphite paint

() S .

Examples of environmentally friendly rust protection.
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be scrub-treated, the heartwood should face
upwards, otherwise the boards may move
and ‘cup’. Floors should be scrubbed with
soap a few times per year using cold water
since warm water turns floors grey and dull.
Even a newly laid floor soon lightens and
becomes lustrous, but it takes some years
before it becomes a real soaped floor.

Wood oil is used to protect exterior un-
treated or impregnated wood from crack-
ing, mould and rot. It is common for wood
oils to have an excessive solvent content,
most often white spirit (up to 80-85 per
cent). Choose wood oils that do not con-
tain organic solvents. Completely oil-based
wood oils contain fungicides, e.g. tolylflu-
anid (less than 1 per cent). Organic metal-
lic salts are sometimes added, such as zinc
decanoate, to protect against rot (1+ per
cent). Water-based oils usually contain
20-50 per cent oil. If the oil is emulsi-
fied in water, it is important to watch out
for tensides, co-solvent substances such as
glycol ethers, and biocides. Water-based
wood oils often contain different biocides
than those in other wood oils, e.g. iodine
propynyl butylcarbamate. Isothiazolinone-

type preservatives are usually used. Some
wood oils contain wax to provide extra wa-
ter penetration protection. The oils come
from renewable raw materials. White spirit
is a petrochemical product. Wax can be ob-
tained from plants as well as produced from
petrochemicals. Surfaces, which should be
treated annually, should be dry when oiled.
Some wood oils can be warmed to improve
surface penetration.

Wood tar is distilled from wood. Wood tar
was produced in the past from tar piles in
charcoal stacks. It is resin-rich and water-
repellent. Tar is now produced through
pyrolysis in retorts where charcoal is also
produced. Coal tar presents a greater health
risk than wood tar. Wood tar has been used
since the Middle Ages as a wood preserva-
tive for boats, docks, jetties and buildings
(e.g. on shingle roofs). It protects wood well
from rot and is an alternative to pressure im-
pregnation. Tar brings out the structure of

the substrate, is glossy to start out with but
dulls quickly and darkens with time. When
warmed-up wood tar is brushed onto awarm
wood surface, it has good penetration abil-
ity. Wood tar mixed with equal amounts of

A variety of distemper
paint tests on timber
cladding at The Gysinge
Centre for the Preserva-
tion of Historic Buildings
(between Gévle and
Uppsala, Sweden).
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linseed oil and gum turpentine easily pen-
etrates the wood and results in a dry, water-
repellent surface. This mixture has a long
tradition in the treatment of wooden boats.
Examples of tars in Scandinavia that do not
contain substances hazardous to health or
the environment are Becker’s wood tar and
Claesson’s wood tar.

Waxes are fatty substances that can be pol-
ished. They are produced from both plant
and animal substances, but may also be of
mineral or synthetic origin. All waxes have
a relatively low melting point (40-90°C)
and can be dissolved in various types of sol-
vents. When the solvent evaporates, almost
all waxes harden. Wax is dispersible, i.e.
can be suspended in water, which is often
used as an alternative to organic solvents.

When pure beeswax is used, it is usually
mixed with up to 10 per cent solvent, e.g.
turpentine.

Avoid synthetic wax and wax contain-
ing a lot of organic solvents. Wax should
not smell too strong and it is not a suitable
treatment for wetrooms.

Wax can be used to protect wood sur-
faces that have already been treated with
floor oil, and on wood surfaces that are
varnished or painted. The surface is pol-
ished with a polishing machine or rag and
takes on a silk matt lustre. The surface is
dirt-repellent and easy to maintain. Bees-
wax is known for its ability to reduce elec-
trostatic charges. Washing wax is used to
maintain waxed floors so that they remain
shiny.

Paint and Surface Treatments

Area of use

Recommended surface treatment

Examples and comments

Exterior woodwork Distemper paint
Priming paint
Linseed oil paint
Emulsion paint
Wood oil

Green vitriol

Plaster and concrete Silicate paint

Lime and lime cement paint

Linseed oil paint
Green vitriol

Interior Emulsion paint

Soft distemper (glue paint)

Casein paint
Woodwork Linseed oil paint
Emulsion paint
Natural paint
Wood oil

Soap

Flooring

Lye and whitener
Wax
Concrete flooring Sodium silicate

Interior sheet metal Rust protection paint

On rough-sawn timber, without lead and PVAc
Priming oil, oiled substrate

<5% solvent

Egg oil tempera, oil emulsion paint

Linseed oil

Results in greyish brown shades

KEIM, Firgbygge AB (paint company in Sweden)
Lime from Gotland

On a neutralized substrate

Results in yellowish red shades

Egg-oil tempera, oil emulsion paint

Reinforced with linseed oil

Primer

<5% solvent

Egg-oil tempera, oil emulsion paint

Natural resin paint, German environmentally friendly paints

Linseed oil

Floor soap

Caustic soda, lime, chalk
Natural wax

Dust binding

Warm linseed oil, graphite paint
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n PAINT INGREDIENTS TO BE AVOIDED

88

Binding agents:

* urea-formaldehyde resin, two-part, cold-
setting (releases formaldehyde)

* epoxy, two-part (very allergenic if in con-
tact with the skin)

* isocyanates, polyurethane paints (PUR)
based on isocyanates (allergenic when in-
haled or in contact with the skin)

Pigment, etc.:

* lead compounds, lead naphthenate/lead
octoate (drying agents), red lead (anti-
rust paint); lead is a heavy metal, bioac-
cumulative and a fertility hazard

* chrome compounds, heavy metal (carci-
nogenic and allergenic)

* zinc compounds, heavy metal (poisonous
to aquatic organisms)

e titanium, titanium dioxide (environmen-
tally destructive production process)

* cadmium, heavy metal

* copper naphthenate, anti-rot protection
(classified as a biocide, requires special
permission)

Solvents: It is preferable to use paint with-
out organic solvents. Avoid paint contain-
ing more than 5 per cent organic solvents.
Volatile organic solvents cause nerve dam-
age and create ground-level ozone.

* white spirit, aromatic white spirit (hy-
drotreated naphtha is considered prefer-
able as it contains fewer aromatics)

* turpentine, balsam turpentine which
contains less delta-3-carene is considered
preferable (less allergenic) and does not
contribute to the creation of ozone

* sulphate turpentine (contains high levels
of delta-3-carene)

I HEALTHY BUILDINGS ‘ I.I MATERIALS AND CONSTRUCTION METHODS

e citrus turpentine (contains limonene
which is allergenic, poisonous for aquatic
organisms, affects the liver)

* xylene (affects human health and has a
negative effect on aquatic organisms)

e toluene (affects human health and has a
negative effect on aquatic organisms)

* glycol ethers, solvents and coalescing agents
(certain glycol ethers are a serious health
hazard, e.g. 2-ethoxyethanol, 2-methoxy-
ethanol, 2-butoxyethanol, butyl glycol,
diethylene glycol monomethyl ether)

Additives to be avoided:

(Biocide is an umbrella term for preserva-
tives and fungicides.)

Preservatives (to prevent paint from rot-
ting in the can):

* Kathon, an isothiazolinone (allergenic
and poisonous for aquatic organisms)

¢ 1,2-Benzisothiazolin-3-one (BIT), an
isothiazolinone (allergenic)

* 1,3-Propanediol (Bronopol) (very poi-
sonous for aquatic organisms)

Fungicides (to prevent algae and fungi from
growing on the finished painted surface):

* folpet (carcinogenic and allergenic, very
poisonous for aquatic organisms)

* fluorfolpet (carcinogenic and allergenic,
very poisonous for aquatic organisms)

¢ dichlofluanid (allergenic and bioaccumu-
lative, very poisonous for aquatic organ-
isms)

* tolylfluanid (allergenic, very poisonous
for aquatic organisms)

* chlortalonil (carcinogenic)
* carbendazim (carcinogenic)

* diuron (carcinogenic)
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e arsenic-based wood preservative (carci-
nogenic, bioaccumulative, poisonous for
aquatic organisms)

Dispersing agents (tensides) (to finely dis-
perse the pigments in the paint):

¢ alkylphenol ethoxylates (environmentally
hazardous), e.g. subgroup nonylphenol
ethoxylates

* nonylphenol ethoxylate (nonylphenol),
oestrogen-like substances (a fertility haz-
ard, mutagenic, bioaccumulative and

poisonous)

Softeners (keep the paint from becoming
brittle):

¢ phthalates (many are bioaccumulative
and poisonous for aquatic organisms)

* chlorinated paraffins (bioaccumulative
and poisonous for aquatic organisms,
emit dioxins when burned)

Anti-skinning agents (to prevent skin for-
mation on paint in the can):

* methyl ethyl ketoxime, also known as
2-butanonoxim (allergenic)

Pipes, etc

Various types of pipes are found in and
around a building. There are water pipes
for tap water, sewage pipes for waste water,
downpipes for rain/snow, drainage pipes for
ground drainage, and heating pipes. Gut-
ters and downpipes are used for roof runoff.
Insulation is required for heating pipes.

Sewage pipes in the ground are mostly
made of concrete. If the ground conditions
are corrosive, plastic pipes may be prefer-
able, e.g. polypropylene pipes (PP pipes).
Ceramic pipes are common: glazed pipes
joined with polypropylene sleeves are used.
Inside buildings the most eco-friendly
choices are polypropylene pipes, cross-
linked polyethylene (PEX) and cast iron
pipes. Cast iron has a minimal environmen-
tal impact, though cast iron pipes nowadays
often have an interior plastic epoxy coating.
PVC pipes are most common, but should
be avoided for environmental reasons.

Runoff drainage pipes in the ground may
be made of ceramic (glazed stoneware) or
concrete. Cross-linked polyethylene (PEX),
polypropylene (PP), unglazed earthenware
and polyester are alternatives.

Pipe insulation made from mineral wool
or cellular rubber is common. Mineral wool
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contains troublesome fibres and cellular
rubber may contain flame retardants. Pipe
insulation made from cork or sheep’s wool,
used in Germany and Switzerland, is more
environmentally friendly.

Sanitary fittings such as mixers and taps
are most often brass. Brass usually contains
62 per cent copper, 36 per cent zinc and
2 per cent lead. Taps are usually chrome-
plated. The amount of chrome and nickel,
however, is small (0.1 per cent chrome and
0.5 per cent nickel). Use of chrome-plated
sanitary fixtures has been questioned since
the surface may give rise to nickel allergy.
Powder lacquered sanitary fixtures do not
last as long as chrome-plated ones. The lead
in the brass is the greatest environmental
problem. Sanitary fittings of stainless steel
are also available.

Roof runoff may be carried using tradition-
al methods such as wooden gutters; these
are sometimes lined with waterproofing
(EPDM or bitumen). Instead of a down-
pipe, a chain or wooden pole can be used. A
more modern approach is to use gutters and
downpipes made of polyester. Aluminium
and galvanized steel plate are also used. Pro-
duction of aluminium is energy-intensive
and environmentally hazardous. Zinc leaks
from galvanized steel plate if the surface is
not treated.
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Water pipes should be chosen accord-
ing to local conditions since the chemical
composition of water varies from place to
place. Consideration must also be given to
how the pipe material affects drinking water
quality. Polythene (PE) pipes can be used
for underground water pipes. Cast iron is
another possibility, but iron has a more lim-
ited life. Stainless steel is probably a good
environmentally friendly choice if the water
is corrosive and ground conditions won’t
corrode the steel. For indoors water pipes,
environmentally friendly alternatives to
copper are polypropylene (PP) pipes and
polythene pipes (cross-linked polythene
PEX pipes and high-density polythene
HDPE pipes). In The Netherlands, hot
and cold water pipes made of polybutene
(PB) are common, where the plastic is re-
garded as environmentally friendly. Stain-
less steel is an alternative but has a greater
environmental impact than plastic. Copper
pipes should be avoided for environmental
reasons, as their use results in high levels of
copper in drinking water and sewage waste.
If drinking water pipes consist of ‘pipe-in-
pipe’ systems, the outer pipe (the empty
pipe) should be made of polyethylene.

Pipes: Environmental Evaluation

Recommended Acceptable To be avoided
Concrete Cast iron** Asbestos
Ceramic, for sewage Polythene (PEX) Lead

Steel, for heating* Polypropylene (PP) Copper
Earthenware, for drainage  Polybutene, for tap water PV Crx**

Wood, for gutters

Polyester, for drainage Steel, galvanized

Stainless steel, for tap water***

Aluminium, for gutters

Notes: * Steel pipe (galvanized) must not be joined to copper pipes, because then a

galvanizing process occurs

whereby amongst other substances zinc is released.

** Cast iron with epoxy coating on the inside reduces the evaluation category to ‘ac-
ceptable’. In the past, cast iron pipe with an interior coating of asphalt was available

(should now be avoided).

*** Stainless steel is preferred in corrosive environments, but not if other materials

last just as long.

**** PVC contains 57 per cent chlorine, which is problematic from an environmen-

tal perspective. PVC piping
instead of lead stabilizers.
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Photo of a suspended foundation, insulated with
foam glass, showing sewage and clean water
pipes made of polythene, a more eco-friendly
choice than PVC or copper.

Roof drainage using

a wooden gutter and
downpipe. Heartwood
timber must be used,
installed in an overlap-
ping manner and with a
spout to carry the water
away from the building.
Gutters may be lined on
the inside with a material
that makes them more
durable.

Interior heating pipes made of steel and
installed so that they are easily accessible
for inspection and repair are in general a
good solution in all respects. Polythene
pipes (PEX) are used to distribute heat, e.g.
in floor and wall heating systems. Cross-
linked polythene is suitable for both cold
and hot water pipes. Polybutene is used in
The Netherlands where it is considered an
environmentally friendly plastic.
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Interior Fittings and Furnishings

Interior fittings and furnishings can be the
source of many environmentally hazard-
ous substances, such as flame retardants in
textiles and electronic equipment, furni-
ture stuffing that releases poisonous gases
if it catches fire, and cotton that has been
sprayed and treated with dangerous chemi-
cals during cultivation and production. The
first choice should be solid wood and wood
fibreboard that is bound together with the
wood’s own lignin (see Sheet Materials).

The Healthy Bedroom

In Germany, those concerned with health
issues believe that it is of primary impor-
tance to have a healthy bedroom where one
can recover at night. Such a bedroom has
furniture made of solid wood, a wall-to-
wall carpet of natural materials, and a bed
frame of wooden slats supporting a mat-
tress of natural rubber containing no metal.
Mattresses have a core of natural latex, cot-
ton stuffing on one side for winter use and
horsehair on the other side for summer use.
The mattress cover and bed linen are made
of organic cotton or linen. Pillows may be
stuffed with wool, cotton from kapok trees,
buckwheat husks or combinations of these.
Furthermore, the electricity is turned off
at the fuse box to minimize electrical and
magnetic fields in the bedroom.

Permanent Fixtures

For permanent fixtures such as fitted cup-
boards, wardrobes and kitchen fittings, it
is especially important to avoid chipboard.
The total amount of formaldehyde in a room
should be kept as low as possible. Therefore,
in general, fixtures made of solid wood, ply-
wood, or with a wooden framework covered

with hard fibreboard should be chosen.

Furniture Upholstery

Furniture upholstery accounts for a large
amount of the material in our surroundings.
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Foamed plastics such as polyurethane are of-
ten used for stuffing, which may be the great-
est source of emissions to interior air from
fittings and fixtures. During a fire, burning
stuffing may emit deadly gases. Natural ma-
terials such as horsehair, cotton or buckwheat
husks are alternatives to plastic materials.

Textiles

About half of all textiles are made from cot-
ton and about half from synthetic materi-
als. A small amount are made from wool or
viscose (made from wood pulp). Organi-
cally grown cotton should be chosen. Lo-
cally produced wool is preferable. Linen is a
good material. Preferred synthetic materials
are polyester and polyamide. Almost all tex-
tile fibres are spun, then woven or knitted,
bleached, dyed and given a finishing treat-
ment. How this is done has an environmen-
tal impact, and whether the process used is
better or worse does not relate to the fibre
used (natural or synthetic).

Carded wool and warm soapy water is
needed to make felt.

Examples of natural fibre are cotton, linen,
wool, silk and hemp. Cotton is one of the
most commonly used natural materials, but
if it is conventionally produced, 1kg of cot-
ton cloth requires a total of 1kg chemicals
for its cultivation, manufacture, final treat-
ment and storage. Many of these chemicals
adversely affect the environment or health.
More than half of all cotton is grown using
artificial irrigation. There are textile facto-
ries that work with organic cotton using
environmentally friendly and healthy meth-
ods. An international organization called
the International Federation of Organic
Agriculture Movements (IFOAM) is trying
to establish and maintain basic standards
and labelling for organic cotton.

Wool itself is non-flammable. How-
ever, no environmentally friendly method
exists to mothproof wool. As with cotton,
chemicals are used during the manufactur-
ing process.
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Healthy buildings
should contain furni-
ture made from healthy
materials. In Germany
and The Netherlands,
bedsteads and mat-
tresses that do not
contain synthetic ma-
terials, glues or metals
are commonly available
for purchase.

Bedding without
metal or synthetic
materials.
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Modern flax cultivation uses both pes-
ticides and artificial fertilizers, but not in
especially large quantities. In the past, flax
was retted by laying it out in lakes and it was
bleached by laying it out on snow and ex-
posing it to intense sunlight. Today, chemi-
cals are used for retting and bleaching,.

Pesticides cannot be used on silk worms,
which is why there are no big environmental
problems associated with the production of

silk fibre.

Viscose is made from bleached wood pulp
and is also called rayon. To transform the
wood pulp into textile fibres, large amounts
of poisonous, sulphur-containing carbon

Cotton or lingn
cloth cover

Mattress with
core of naturg!
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disulphide are used. Almost all finished vis-
cose fibres are bleached, even though they
are produced from wood pulp that has al-
ready been bleached. So most viscose is
unnecessarily twice chlorine-bleached. In
some countries, the consequences of poorly
cleaned discharges from viscose production
may be catastrophic. Nonetheless, the idea
of transforming cellulose to fibre is reason-
able since wood is a renewable resource.
Alternative, chlorine-free methods exist for
bleaching wood pulp. In the US there is a
factory that uses a completely sulphur-free
method of producing viscose.

Synthetic textiles are made from crude oil
or recycled plastic. The most common fi-
bres are polyester, polyamide and acrylic.
Polyester and polyamide are a little better
than acrylic from an environmental per-
spective since acrylic fibres, when stretched
into threads, require both organic solvents
and undesirable chemicals.

The processing of textile fibres starts in the
spinning mill where the fibres are spun into
threads and yarn. Environmentally haz-
ardous spinning oils are often used, even
though there are alternatives. Cotton, vis-
cose and wool can be spun completely with-
out or with only small amounts of spinning
oil. Synthetic material requires more oil.
Avoid chlorine-bleached cotton, flax or
viscose. Do not choose textiles treated with
optical whiteners. Textile dying often causes
environmental problems. The fibres are first
washed, then dyed, and then washed again.
All this takes place in various industries and
hundreds of chemicals are used, of which
only small amounts remain in the cloth, so
most ends up in sewage or air. Detergents
may contain nonylphenol ethoxylate (which
is hormone disturbing), even though sub-
stitutes are readily available. The Swedish,
Danish and German textile industries have
to a large extent stopped using nonylphe-
nol ethoxylates, though they are still com-
mon in the rest of Europe and elsewhere in
the world. There are thousands of different
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dyes and almost all of them are synthetic.
Since a good dye should be able to toler-
ate sunlight and many washes, dyes should
be difficult to degrade. Therefore, there is
a great risk that they are also environmen-
tally hazardous. Avoid textiles that are dyed
with benzidine and dyes that contain heavy
metals. The amount of energy and water
consumption, as well as the release of dan-
gerous substances into sewage systems, is
highly dependent on how technically ad-
vanced the dying equipment is and how the
sewage water is cleaned.

Treatments to make cloth crease-re-
sistant leave formaldehyde residues in the
cloth. The most common impregnating
agent contains fluorocarbons. Probably the
actual production of fluorocarbons has the
greatest environmental impact. In order to
make silk cloth heavier and drape well, met-
al salts are sometimes added. Weighted silk
may contain 25-60 per cent tin phosphate.
All flame retardants used to treat cloth are
a source of emissions. Textiles treated with
flame retardants may continue to release
dangerous substances over a long period of
time. Brominated flame retardants are the
worst from an environmental perspective.

Anti-mould substances can be released
and make people sick.

Joints

Caulking compounds often contain danger-
ous chemicals and their use should be mini-
mized. Caulking compounds are used to seal
joints between various structural elements
and to seal around penetration points. By
building carefully and covering joints with
mouldings, caulking compounds and caulk-
ing foam do not need to be used. Oakum
can also be used instead of caulking.

A function of some caulking compounds
is to absorb movement from surrounding
structural parts without impairing the seal.
Caulking compounds can be divided into
two categories: elastic, which regain their
shape after being deformed; and plastic,
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which are less elastic and do not regain their
shape after being deformed. Expansion
joints are needed in most buildings. They
make it possible for building parts to move
in relation to each other. The greatest area
of use for caulking compounds is in prefab-
ricated elements.

Packing

Packing for sealing joints between frames
and walls is often made from mineral wool,
polyurethane foam (PUR foam) or similar
materials. These can be replaced with oa-
kum made from natural materials.

Cellulose fibre (see Thermal Insulation) in
strips is used as packing material.

Sheep’s wool (see Thermal Insulation) can
be used unwashed as packing material with-
out further treatment.

Hemp fibre (see Thermal Insulation) is
used for oakum, and consists of clean,
compressed hemp fibres. Since hemp is
naturally resistant to fungus and bacteria,
hemp oakum does not need to be impreg-
nated unless fire protection is required.

Jute belongs to a genus of the linden fam-
ily comprising about 40 species. It contains
strong fibres that can be used as oakum.
Most jute is cultivated in Asia, where 96 per
cent of production takes place.

Sisal is fibre from the Agave sisalana plant.
The fibres, extracted from the leaves, are
flexible, strong and yellowish-white. Sisal is
used to make rope, hammocks, and as oa-
kum. The plant is Mexican in origin and is
cultivated in tropical areas.

Flax fibre (see Thermal Insulation) is one of
the strongest natural fibres and an excellent
packing material around window and door
frames, in boats and pipe joints, because it
does not rot in a moist environment.

Coconut fibre (see Thermal Insulation) is
a product that requires long-distance trans-
port. There is a surplus of coconut fibre on
the world market.
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Mineral wool (see Thermal Insulation)
may be either glass wool or rock wool. It is
used in strips for packing.

Sealing Strips

Sealing strips are used for concrete casting,.
They usually consist of softened PVC (poly-
vinyl chloride). It is better to use bentonite
sealant strips instead.

Bentonite sealant strips (sodium benton-
ite) consist of clay that expands when it
comes into contact with water and becomes
a hard and watertight clay-like mass. There
are sealant strips for concrete casting that
contain bentonite. These are placed in the
formwork, and the concrete is poured up to
the movement-absorbing part of the sealing
strip. When the first pour hardens, casting
continues. In this way, despite the shrink-
age that later takes place, a tight construc-
tion joint is achieved.

Sealing Compounds

Sealing compounds should be avoided as
much as possible.

Acrylate sealing compound is also called
latex or painter’s sealant. It consists of about
30 per cent acrylate polymer (latex) finely
dispersed in water, surface-active dispersing
agents, about 55 per cent filler (e.g. calcium

Coconut fibre packing in a lightweight concrete wall.
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carbonate), and about 8 per cent softener
and pigment if required. Additives include
thickeners, anti-foam agents and bonding
improvement agents. Common monomers
are butyl methacrylate, vinyl chloride and
hydroxyethyl acrylate. These do not cause
problems as long as they are bound within
the polymer but residual monomers may
remain and affect health. Solvents such as
white spirit or butyldiglycolacetate may be
present in small amounts (about 2 per cent).
Latex sealants always contain biocides.
Acrylate-based sealing compounds are not
as elastic as many other sealing compounds.
They have good UV radiation resistance
and stick to most surfaces without initial
priming. Their tolerance of moisture and
temperature differences is poor, however,
so they are used almost exclusively indoors.
They can usually be painted.

Butyl-based sealing compounds are one-
part sealants with solvents (alcohols). The
polymer is often made by copolymerizing
isobutene with isoprene. These sealing com-
pounds may also contain softeners, fillers
and tacking agents. Polybutenes are often
used as softeners. Butyl sealing compounds
harden and cannot absorb much move-
ment. An area of use for these compounds
is sealing insulating glass.

Cork granule sealant is an elastic sealant
made of small pieces of cork and natural
resins. It is available in Germany and is rec-
ommended by German building biologists.

Modified silicone (MS) polymer-based
sealant is based on polyether and consists
of alkoxy silicones, filler and thixotropes
in the form of hydrogenated vegetable
oils or alternatively polyamide wax. Chalk
(calcium carbonate) is commonly used as
filler. Additives consist of siloxanes (drying
agents, about 1 per cent) and organic tin
compounds (catalysts, in small fractions
of 1 per cent). During hardening, metha-
nol and siloxanes are released. Phthalates
(20-30 per cent) are often used as soften-
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ers. There are MS-polymer sealants with-
out phthalates, although these are hard
and unsuitable for construction joints. MS
polymer sealants are an isocyanate-free al-
ternative to polyurethane (PUR)-based
sealants. Areas of use are similar to those
for polyurethane-based sealants, i.e. exte-
rior joints between prefabricated concrete
elements instead of packing for windows
and doors. However, they adhere rather
poorly to concrete outdoors when applied
without primer and their function in a
moist environment is inferior to that of

PUR sealants.

Oil-based sealants are included in the
plastic sealants category. Oil-based sealants
consist of either vegetable or synthetic oils,
resins and synthetic rubber. They may also
contain organic solvents such as white spirit
and xylene in small amounts. Dolomite
and chalk may be used as fillers. The seal-
ants contain drying agents based on cobalt
compounds. They have a relatively short
life and a limited movement absorption
capacity, which limits their range of appli-
cation. Window putty made of linseed oil
and chalk can be painted and does not pres-
ent environmental problems. It eventually
cracks and must be maintained.

Polyurethane-based sealants (PUR seal-
ants) consist of 30-35 per cent prepoly-
mer-diisocyanates, 30—45 per cent filler and
15-35 per cent softeners. Commonly used
fillers are calcium carbonate and dolomite.
They usually contain 3-5 per cent organic
solvents such as toluene, xylene and white
spirit. Organic tin compounds are added as
a catalyser. Polyurethane is produced using
isocyanates which can cause allergic reac-
tions. PUR sealants contain lower levels of
isocyanates than polyurethane foam sealant.
Phthalates are often used as a softener in
polyurethane sealants. If polyurethane seal-
ants are heated or burned, isocyanates and
other substances hazardous to health, such
as phenols, hydrocyanic acid, nitrous gases,
etc., are released.
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PUR sealants are perhaps the most com-
monly used sealants in the construction sec-
tor. They remain elastic after hardening and
can absorb large movements. They can be
painted and adhere to most surfaces, often
without primer. They are commonly used
in fagade joints between prefabricated con-
crete elements and as window and door
sealants.

Rope made of natural materials such as
hemp and sisal has traditionally been used
in joints in boat building to seal and absorb
movement. Rope can also be used in build-
ing joints to absorb movement between ma-
terials with different expansion coefficients,
e.g. between wood and stone. There are no
specific products; common rope of an ap-
propriate thickness is used.

Silicone sealants consist of silicon polymers,
filler, some type of reactive cross-binder and
often a catalyser. Silicone sealants are made of
siliceous sand, carbon, methanol and chlorine
gas. Organic tin compounds may be added
as catalysers. Organic tin compounds are
environmentally hazardous. Softeners used
in silicone sealants include various types of

silicone oils consisting of silicate polymers,

Rope is used as the joint material where wood and stone floors meet.
The National Park building in Tyresta, near Stockholm.

Source: Architect: Per Liedner
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oxygen and organic molecules in the ethyl,
methyl or phenyl groups. Silicone oils are
thought to be stable and bioaccumulative.
Some silicone sealants may contain up to 20
per cent organic solvents. Biocides are added
to almost all silicone sealants, e.g. organic
arsenic compounds, carbendazim, BIT and
Kathon.

Various substances are released dur-
ing hardening, in the range of 1.5-4 per
cent of the respective substance. Methanol
or ethanol is released from alkoxy-cured
silicone sealants. Methyl ketoxime is re-
leased from neutral cured sealants. Methyl
ethyl ketoxime released from oxime-cured
(neutral cured) sealants can cause allergies.
Amine-cured silicone sealants release benz-
amide or amines or combinations of these,
as well as some substances already men-
tioned. Acetic acid is released from acetic-
acid-cured silicone sealants. Acetic acid
has a strong smell but is not a health haz-
ard in the concentrations released. Acetic-
acid-cured products do not work well with
cement-bound materials such as glazed
tile sealant. Silicone sealant is used to seal
wetrooms as well as wet areas in kitchens.
Good ventilation is required when using
silicone sealant.

Foam Sealant
Foam sealant should be avoided. Use pack-

ing instead.

Polyurethane sealant foam (PUR sealant
foam) is purchased in spray cans. When
the product reaches the air it hardens with
the help of the moisture in the air, expands
20-30 times and forms a foam-like mass.
PUR sealant foam consists of polyurethane.
Polyurethane is produced with isocyanates
posing a risk of allergic reactions during
their production as well as during the post-
hardening joint finishing process. Organic
tin compounds, which are very toxic to
aquatic organisms, are added as a catalyser.
Phthalates are often used as softeners. Either
butane or propane is used as the propellant
gas. The risks with foam sealant are that iso-
cyanates may be released to the air as an aero-
sol and inhaled, especially when the sealant
is improperly used, for instance at too cold a
temperature or when they are poorly mixed.

Urea-formaldehyde (UF) foam is based
on uric acid and formaldehyde. It releases
formaldehyde gas. Relatively small doses of
formaldehyde may cause acute problems
such as eye irritation, itchy nose, dry throat
and sleeping difficulties. The substance is

Joints: Environmental Evaluation

Recommended Acceptable To be avoided
Bentonite Acrylate sealant* Mineral wool packing
Cellulose fibre packing EPDM rubber moulding PUR sealant

Felt strips Glazed tile sealant PUR foam

Sheep’s wool MS polymer sealant* PVC sealant strips
Hemp fibre packing Silicone sealant* UF foam

Jute and sisal packing

Lime mortar, lime cement mortar
Coconut fibre packing
Granulated cork paste

Flax fibre packing

Natural latex sealant

Oil-based sealant

Rope of natural material
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carcinogenic and allergenic. It may expand
if affected by moisture.

Weather Stripping

Weather stripping is used to seal between
frames, windows and doors. Textile weather
stripping used to be common. It is currently
more commonly made of EPDM rubber or
silicone rubber. The environmental impact
depends a lot on the additives used.

EPDM rubber (ethylene-propylene rub-
ber) is entirely ozone-resistant, has good
heat and chemical resistance, and so is used
for rubber details outdoors, such as weather

stripping and glazing beads.

Silicone rubber consists of silicon, vinyl
and filler. The raw material for silicone is
silicate sand, among other things. The filler
is usually chalk.

Glues and Pastes

Glue is usually avoided in environmen-
tally friendly building, not least because it
makes recycling more difficult. Mechani-
cal joints provide an alternative to glueing.
There is no clear line of distinction between
the terms glue and paste. However, pastes
provide weaker adhesion and are primarily
used for putting up wallpaper, woven fab-
ric, foils and similar materials. Water-based
glues/pastes often contain biocides.

Animal Based

Animal-based glues come from protein-rich
substances such as milk, blood and tissue.
They are water soluble. Good quality ani-
mal-based glue often contains wood flour.
They are excellent glues for wood, but they
are not moisture-repellent and should only
be used indoors.

Blood albumin glue is made of blood pro-
tein, ammonia, slaked lime and water. It
sometimes contains fungicides. It is used to
glue veneer. The object to be glued must be
warmed.
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Animal glue is made of tissue (e.g. slaugh-
terhouse waste), and sometimes calcium
chloride and water. It is used to glue
furniture and veneer. Bone glue and skin
glue are used warm and require pressure to
fasten. Fish glue can be used cold.

Casein glue is made of milk protein, lime
and water. It sometimes contains fungicides.
It is used to glue plywood and laminated
wood, including large glulam beams. It is a
strong glue that can be used in load-bearing
structures indoors. A fresh batch of casein
glue must be mixed every day.

Mineral Based

Mineral-based glues are made from readily
available raw materials. Their production is
relatively energy efficient and environmen-

tally friendly.

Cement glue consists of Portland cement,
stone powder and water. This glue is used to
glue ceramic tiles and lightweight concrete.
It is very strong when mixed with acrylate.
Acrylate may cause problems indoors dur-

ing hardening.

Sulphite lye glue consists of lye and water.
It is used to glue wood fibreboards, bitu-
men felt and linoleum.

Sodium silicate glue is made of sodium
silicate, lime, stone powder and water. It is
used to glue ceramic tiles, paper, chipboard
and in putty. Sodium silicate is a skin and
eye irritant.

Synthetic Based

Synthetic-based glues have fossil origin.
Production is energy-intensive and envi-
ronmentally hazardous. The synthetic glues
that pose the least environmental prob-
lems are polyvinyl acetate glue (PVAc) and
ethylene vinyl acetate glue (EVA).

Most synthetic glues, such as urea-
formaldehyde glue (UF glue), phenol-
formaldehyde glue (PF glue), resorcinol-
formaldehyde glue (RF glue) and phenol-
resorcinol-formaldehyde glue (PRF glue),
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contain formaldehyde, which is a health haz-
ard even in small amounts. Formaldehyde
resin is used as a binding agent in chipboard.
It consists primarily of carbamide formalde-
hyde resin, which emits formaldehyde gas,
and water-resistant phenol formaldehyde
resins, which emit some gases containing
phenol. Building materials made with these
glues release formaldehyde over a long pe-
riod of time. Relatively small doses of form-
aldehyde may result in acute eye irritation,
itchy nose, dry throat and sleeping prob-
lems. The substance is carcinogenic and an
allergen. The level of free formaldehyde in
ready-to-use glue is low and the level in the
glued, finished product is very low. None-
theless, sensitive people may have problems,
especially if the room contains many ex-
posed glued joints. According to Swiss envi-
ronmental recommendations, material con-
taining more than 5 per cent formaldehyde
binding agents should be avoided.

Most of the other components in these
glues are also problematic. Solvents pose a
health risk during application, especially for
the nervous system. They can also create
surface ozone and photo-oxidants, and so
damage forests and crops. It is important to
have good ventilation when working with
these products. Some products contain col-
ophony and nonylphenol.

Almost all water-based products contain
biocides. Isothiazolinones are commonly
used biocides. Several isothiazolinones are
classified as allergens. The biocide Bronop-
ol, which is not a isothiazolinone, is also
used. It is classified as very toxic to aquatic
organisms.

Acrylate glue is petroleum-based and often
contains chalk as a filler. It contains copoly-
mers of vinyl acetate, ethylene and acrylates.
Common acrylates are acrylonitrile, ethyl-
hexyl acrylate and butyl acrylate. The glue
is used as floor glue for linoleum and plastic
mats, to glue wood, ceramics and fibreglass.
It can be either water-based or solvent-based.
Emissions may occur during application.
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If in contact with moisture, the glue may sa-
ponify and release chemical substances that
irritate mucous membranes. The glue may
release residual monomers that can cause al-
lergies, and levels of these should be checked

to ensure that they are as low as possible.

Asphalt glue is made from crude oil and
contains bitumen, large amounts of organic
solvents, as well as chalk. It is used in foun-
dations, in wetrooms, for glueing roofing
felt and in insulation material such as ex-
panded polystyrene. Its composition varies.
Either an emulsion of bitumen with water
or with a solvent such as naphtha is used.
Some asphalt glues need to be heated prior
to application. Amines irritate the throat
and mucous membranes for those working
with the heated mass. In its hardened state
it has low-level emissions.

Epoxy glue contains epichlorohydrin, phe-
nol and alcohol. Water-based epoxy glue is
also available. It is used to glue concrete,
stone, glass, metal, plastic, ceramic tiles
and may be used in spackle (filler). Epoxy
is one of the strongest allergens. Epichlo-
rohydrin is a carcinogen and an allergen.
Epoxy glues also contain alkyl phenols and
bisphenol A, which are oestrogen-mimick-
ing substances. Precautionary measures are
required in the work environment (accord-
ing to directives for thermosetting plastic).
Hardened epoxy is, however, inert.

Ethylene vinyl acetate glue (EVA glue)
consists of ethylene, vinyl acetate and water.
It sometimes contains fungicides. It is used
to glue plastic mats and linoleum on walls
or floors. The glue may also contain soften-
ers such as DBP (dibutylphthalate), which
should be avoided as it affects the nervous
system, immune system and fertility.

Phenol-formaldehyde glue (PF glue) con-
sists of phenol, formaldehyde and organic
solvents. The glue is used in mineral wool
bats, waterproof plywood and laminate.
Phenol is poisonous. Small quantities of
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phenol and formaldehyde may be found in
the resin even after it has hardened. In that
case emissions are usually small.

Isocyanate glue (EPI glue) contains iso-
cyanates and styrene-butadiene rubber or
polyvinyl acetate. It is used to glue ply-
wood, doors, windows, furniture and met-
als. Isocyanates may cause skin allergies and
asthma. Emissions may be present in build-
ings where this glue was used and did not
harden completely.

Chloroprene and neoprene glue are con-
tact glues consisting of acetylene, chlorine,
and large quantities of organic solvents such
as toluene, xylene and n-hexane. They are
used to glue plastic. Chloroprene is believed
to affect fertility. The danger is greatest
when the glueing takes place, though there
may also be emissions in the finished build-
ing if the reaction was not complete.

MS polymer glue has similar areas of use to
PUR glue; however, it doesn’t contain iso-
cyanates, which PUR glue does. MS polymer
glue is a somewhat better option than PUR
glue from an environmental viewpoint. MS
glue requires softeners, which may be phtha-
lates. There are, however, alternatives. MS
polymer in general requires the addition of
organic tin compounds as catalysers, e.g.
dibutyltin compounds.

Polyurethane glue (PUR glue) is based
on isocyanates, a group of substances with
allergenic characteristics. The glue also con-
tains polyhydric alcohols. It is used for glueing
wood used outdoors, metal, plastic, concrete
and is used in some strawboards. Isocyanates
pose a risk of allergic reactions, even dur-
ing processing after hardening. The solvents
pose health risks, particularly for the nervous
system, when the glue is applied. They can
also create surface ozone and photo-oxidants,
and so damage forests and crops. Dangerous
substances (including isocyanates) may be
emitted when the material is heated. Organic
solvents may also be present.
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Polyvinyl acetate glue (PVAc glue) is often
referred to as wood glue or white glue, and
is suitable for use on furniture, windows and
for glueing wood indoors. It is also used as
floor glue for linoleum and plastic mats. It
contains acetylene, acetate acid, polyvinyl,
alcohol and water or organic solvents, and
chalk is often included as a filler. PVAc glue
is the only synthetic glue that does not con-
tain formaldehyde. Dangers with the use of
PVAc glue depend primarily on the resid-
ual levels of free monomers and additives,
biocides such as Kathon and BIT, softeners
such as DBP (dibutylphthalate), colophony,
nonylphenol and sulphonamides. Chromi-
um-III-nitrate, a commonly used hardener,
is corrosive and may cause eczema, and so
skin contact should be avoided. If in con-
tact with moisture, the glue may saponify
and release chemical substances that irritate
mucous membranes. PVAc glue may also
contain sulphonamides that may damage
the immune system.

Resorcinol and phenol-resorcinol-form-
aldehyde (PRF) glue contains resorcinol,
formaldehyde and water. The glues some-
times contain phenol. They are used in load-
bearing timber structures such as glulam
beams, window frames and outside doors,
as well as in glue-laminated core board. Re-
sorcinol may cause skin allergies, can damage
the genetic system and is an environmental
hazard. Phenol is poisonous. Residual levels
of resorcinol and formaldehyde are very low.

Styrene butadiene glue (SBR glue) isa con-
tact glue. It contains butadiene, styrene and
organic solvents. It is used to glue chipboard,
gypsum board, wood, concrete and wall-to-
wall carpeting. Butadiene is carcinogenic.
Styrene is, in the EU, questionable from a
health point of view (hormone disturbing).

Urea-formaldehyde glue (UF glue) con-
sists of urea, formaldehyde and water. The
glue is also referred to as carbamide glue.
It is used to glue veneer, in some plywood
production, in carpentry, for parquet,
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doors, mats on subfloors and in chipboard.
Formaldehyde is released from construction
materials glued with it. UF glues usually
emit more formaldehyde than PF, PRF and

similar glues.

Plant Based

Wallpaper paste and textile adhesives are usu-
ally based on starch or cellulose and are wa-
ter-based. The paste is usually distributed as a
powder that is dissolved in water. Neverthe-
less, many of these pastes contain preserva-
tives (biocides). Each time the glue is needed,
only the amount required should be mixed.
Biocides are only used when the mixed paste
is going to be stored for an extended time.

Cellulose paste consists of methylcellulose
and water. It is used to fix wallpaper, linen
fabric, linoleum and in spackle.

Cellulose glue consists of a derivative of
cellulose and organic solvents. It is used to
glue linoleum. Cellulose glue may be used
in moist environments. The solvent used in
cellulose glue is usually either turpentine or
alcohol, sometimes up to a level of 70 per

cent. The cellulose glue production process
is environmentally hazardous.

Natural rubber glue consists of natural
rubber and organic solvents. It is used to
glue tiles and linoleum.

Natural resin glue is a dispersion glue based
on natural latex. It consists of lignin, shellac
or copal and usually organic solvents (or wa-
ter). The glue is used to glue linoleum and
timber. The solvent used is either turpentine
or alcohol at a level of up to 70 per cent.

Potato flour paste consists of potato starch
and water. It may also contain fungicides.
The paste is used to hang wallpaper. Potato
flour paste is used only in dry areas.

Rye flour paste consists of rye flour starch
and water. It may also contain fungicides.
The paste is used to fix wallpaper, jute-fibre
wallcovering and linoleum. Rye flour paste
is the strongest of the plant-based pastes.

Soya paste consists of soya protein and
water. It may also contain sodium silicate
or fungicides. The paste is used to glue ply-
wood. Soya paste is used only in dry areas.

Glues and Pastes: Environmental Evaluation

Recommended Acceptable

To be avoided

Animal-based* EVA
Cement PVAc
Sodium silicate

Plant-based*

Acrylate
Asphalt

EPI

Epoxy

PF
Chloroprene/neoprene
MS polymer
PUR

RF

SBR

UF

Note: * Watch out for fungicides and biocides.
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I.1.4| Choosing a Construction Method

Even if environmentally friendly materials are chosen, the consequences

vary depending on how the materials are combined in various constructions

and where the materials are placed in the building. The interior climate is

affected by whether heavy or light material is chosen. Moisture-buffering material
may result in a more even interior climate and is advantageous for use in bathrooms.
Some materials do not work well together. Some glues, for example, cannot

tolerate moist concrete. Moisture damage may result if moisture movement is

not thought through with regard to where materials are placed and how permeable
they are.

Roof structure:

Intermediate
floor: C

hled wond fioor

— Windows:
Triphe-pane lass

Inner walls: = =
( T wih woodEn shids 2l
Bath- Rt
room: Quter  Duter walls: "
Walls: e | door  Duside |Lime plaste
¢ Phawoed  wis il
~ Insulatkon betweer Flaar: elioker 1" Weod nansl W oodwork:

B board with

Radiators: Slow llow walar

The Sj6 district of Vadstena, Sweden (Erik Asmussen, architect) is built using 45cm-thick solid lightweight concrete. A homoge-
neous, relatively heavy wall was wanted, and lightweight concrete was chosen despite its low insulation value. The roof structure
is insulated with cellulose fibre and there is foam glass under the ground slab.

Source: adapted from Leif Qvist

Heat Storage fluctuations, especially over a 24-hour pe-
riod. Lightweight buildings are often well
Lightweight buildings can be heated quick-  insulated, and heavy materials have a poorer
ly, but the heat is also rapidly lost when  insulation value. A building with light, well-
the heating stops. Heavyweight buildings insulated outer walls and heavy, heat-regu-
store heat or cold and even out temperature  lating inner walls is a good combination.
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Roof
Roafing tile
Roofing felt
22mm tongue-and-grooved boartd
70min batten (ventitated)
3.2mm pil-tempered masonite
450mm llght beam
500mm celliloze fibre

Wall AL !
S ——q "5 ]
. . . 38X 70mm nailing batken AA o
One way to build well-insulated walls and roofs with 'El:m: af—ami; |ﬂ;|[}l|":-:‘_ % 5\ .u
a minimum of building materials is to use light- itz oo Aty board —td = / F— [ririer cover
weight studs. 250mim lant beam <! | bet— Diffusion open board
& 4 - .
300mm cellulose fibre. —-l—a  E— Studs 50x50mim, o 400mim
g
E - Ay
I Y,
=y L ol
e
e |
B | | il

Lightweight beams are made from studs and wood fibreboard, which
means that a small amount of building material supports the building.
There is a plenty of space for insulation. This kind of structure often
leads to reduced costs.

Source: Bertil Jonsson, BOJARK Arkitekt & Konstruktion AB, Taby, Sweden

450 Heavy Construction

Positive characteristics of heavy structures
y such as brick, lightweight concrete and
clay are durability and heat- and moisture-
storage capacity. There are also heavy wood

oa
oo
oo
[+X+]

structures where sawn wooden boards are
joined together to make solid boards. This
system was developed in Switzerland by
Professor Julius Natterer, and the method
is used increasingly elsewhere.

450

Light Construction

As highly insulated buildings require thick
walls and roof structures, a lightweight stud
h system is often used. In this way, light-

Architect Beat Kédmpfen’s office building, made using Weight and well-insulated structures are
special solid-wood technology for Marché, Zurich, has
a pillar system that is part of the load bearing system, X .
and contains all the installations for ventilation, water, Lightweight studs are made from wood and

electricity and data. wood fibreboard.

b

achieved using a minimum of materials.
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Wood is an eco-friendly
and good building
material. Timber frame
construction is often
used in order to econo-
mize on wood. This
construction is by Bertil
Johnsson, BOJARK
Arkitekt & Konstruktion
AB, Taby, Sweden.

Suspended |-
foundation |
e

FO0mim diinage pipe

The Swiss compare equivalent structures instead of materials, and account for environmental impacts in the various
phases of the life cycle.

Source: Hochbaukonstruktionen nach Okologischen Gesichtspunkten, Schweizerischer Ingenieur- und Architekten-Verein,
Dokumentation D0123, Septemper 1995
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Dynamic
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Different types of construc-
tion for walls and roofs
with regard to moisture
movement.
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Environmental Profiles
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In Switzerland, life-cycle analysis has been
carried out on different parts of a construc-
tion, such as the inner and outer walls, floor
structure, etc., so that the environmental
impact of various types of construction may
be compared. A list is made of the materials
in 1m?ofa building componentand the sum
of their environmental impact is calculated,
including greenhouse effect in grams CO,/
m?, acidification in grams SOz/mz, and en-
ergy consumption in MJ/m? Furthermore,
building components are subjected to the
following eight criteria: emissions, building
process, toxicity, maintenance, repairabil-
ity, recyclability of the waste, waste value

Many construction handbooks assume that
sheet metal will be used for both top and bot-
tom window edge flashing. However, this is a
modern assumption as sheet metal was not
used in older buildings. Heartwood with a pro-
tective coating such as good quality linseed-oil
paint works well to protect windows from both
above and below.

Source: Photo: Hus Torkel, Kovikshamn, Bohuslan,
built 1997-2001. Architects: Maria Block and Varis
Bokalders

I.I MATERIALS AND CONSTRUCTION METHODS

and other comments. Similar environmen-
tal profiles have been carried out by the
Danish Building Research Institute (By og
Byg/Statens Byggeforskningsinstitut).

Combined Materials Tests

How do various materials work together?
Even though individual materials may be
environmentally approved, under certain
circumstances they may affect a construc-
tion negatively. This is particularly the case
if moisture is involved. If, for example,
flooring is going to be glued onto concrete,
the concrete has to be dry enough, the glue
must be of a type that is not damaged by the
alkalinity of the concrete, etc.

Moisture Properties of Materials

Another consideration when choosing ma-
terials is whether they will be exposed to
moisture. Materials placed outdoors and in
wetrooms must be able to tolerate moisture.
Moisture migration and relative humidity
also need to be considered. Warm air can
carry more moisture than cold air, which
means that structures dividing warm from
cold must be thought through (see also
1.3.1 Damp).

Moisture Migration

In a heated building, moisture migrates
from the inside out, from a warmer space
to a colder one. The moisture level must
not exceed the wall’s capacity to handle
moisture. Well-insulated walls should
therefore be made with an inner layer that
is more vapour-tight than the outer layer so
that it is easier for moisture to get out than
in. This is especially important in buildings
with a large amount of evaporation from
people, washing, drying, bathing, plants,
etc. Some of this moisture can escape the
building through ventilation. Another
method of reducing the moisture load is to
install a dehumidifier.

I.1.4 CHOOSING A CONSTRUCTION METHOD




Vapour and Airtightness

between different
types of constructions according to mois-

Distinction is made
ture movement. Examples are: vapour-
tight with a plastic or metal vapour bar-
rier that prevents both air and water from
passing through, vapour permeable but
airtight where the airtightness is achieved
by using paperboard, hard fibreboard or
special plastic, as well as air permeable,
which is used with dynamic insulation
where throughput of air is regulated with
perforations in pasteboard.

Moisture-Buffering

There is often a surplus of moisture in-
doors when people are showering, prepar-
ing food or doing laundry, and a deficit
during a large part of the day. Some mate-
rials can buffer moisture, i.e. absorb mois-
ture when it is humid and release moisture
when it is dry, and so even out indoors
humidity. Clay is regarded as the best
material in this regard and is sometimes
used indoors for walling or plaster, usually
with the purpose of improving the interior
climate. Wood also has a relatively good
moisture-buffering capacity. Wood-wool
cement board in bathroom ceilings buffers
moisture, and mirrors in such bathrooms
do not mist up. Silica gel is used in muse-
um display cases since it has an extremely
high moisture-buffering capacity. It is also
used in medicine containers and for trans-
port of electronics.

When considering 24-hour buffering,
only a few centimetres of material are in-
volved. In annual buffering from summer
to winter, the entire solid wall is involved,
e.g. solid timber or brick walls.

Wetrooms

Wetroom design requires extra care in order
to avoid moisture damage. Good practice
is to have local ventilation, i.e. moisture is
vented out directly from a shower cubicle

I HEALTHY BUILDINGS
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with a ceiling. The most environmentally
friendly method of building a wetroom
is to make it using only mineral materi-
als, which don’t go mouldy or rot, so no
waterproof layer is required. In light
constructions, however, a waterproof layer
cannot be avoided.

I.I.4 CHOOSING A CONSTRUCTION METHOD

Bathroom with
marble splash
areas and clay
walls as mois-
ture-buffering
material. Marble
has a high pH
value and is
antiseptic.

This wetroom is a
moisture-repellent unit
within the building, a
watertight cement ele-
ment with an embedded
floor drain and concave
mouldings. The walls
can be covered with
ceramic tiles or glass
sheets, clinker slabs or
cement mosaic (terrazzo)
can be put on the floor
and wood-wool cement
board, which buffers
moisture, can be used on
the ceiling.
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| < Water trap Oslo, Norway, designed by architect Bjérn Berge.
The wall is a brick cavity wall insulated with loose
A shower cubicle can be made as a separate perlite. The fagade brick is highly fired and the
room within the bathroom. It can have its own interior brick is porous (lightly fired). So the wall
ceiling with local ventilation since it has such a has no waterproof layer. Instead the porous brick
high water vapour load. absorbs and releases moisture. Only the bath-
room is made of mineral materials. The rest of the
. building is made of wood.
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Retative humidity

The moisture-buffering capacity of a material af-
fects the interior climate. Therefore, an attempt is
made to choose materials that can store moisture.
Waterproof finishes or surface coats should be
avoided so that the moisture storage capacity is
not limited.

A shower stall designed as a room within a room

Source: This figure was put together by the authors may be good approach in a bathroom. It is opti-
using information from Fukthandboken, Nevander and mal if the exhaust air is ventilated directly from
Elmarsson the shower area.
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Due to the many moisture prob-
lems in wetrooms in light constructions
the regulations have been changed. The
waterproof layer must have a water-
vapour resistance greater than 1 million
s/m (measured under realistic condi-
tions). Gypsum boards with a paper
layer should not be used in wetrooms.
Floors must slope towards the floor
drain (at least 1:100, preferably 1:50).
The waterproof layer should not be put
directly on floor boards (though if it is,
screed must be placed between the boards
and the waterproof layer).

Foundations

There are in principle four different kinds of
foundations: basements, suspended founda-
tions, slab foundations on the ground and
plinth foundations. From the moisture pro-
tection point of view, plinth foundations
are safest as they result in the least ground
contact. From an energy conservation point
of view, slab foundations on the ground are
preferred as the floor framework is not ex-
posed to outside air. All these methods have
improved in recent years. Conditions have
changed as buildings are better insulated
and there is a greater awareness of moisture
problems.

Basements often have moisture problems
due to moisture penetrating through base-
ment walls. A correctly constructed base-
ment is properly drained and protected
from moisture by a vapour barrier of plastic
sheeting that creates an air gap on the out-
side of the basement wall. Insulation should
be placed on the outside of the load-bearing
construction.

Suspended foundations have been regarded
as a good type of foundation, though in re-
cent years they have had moisture problems.
This is due to better insulated floor struc-
tures, which lower the temperature in the
suspended foundation. In modern suspended
foundations, the ground is insulated and
a vapour barrier is laid to prevent ground

I HEALTHY BUILDINGS
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Basements must be well drained. If insulated, the construction must be in-
sulated from the outside. Basements are considered expensive, especially
if blasting is necessary, and if it isn’t otherwise necessary to excavate
material from under the building.

Floor joists of structural timber

Ground plate of structural timber

Moisture barrier

Air-gap-creating plastic sheet

External thermal insulation, moisture tolerant

Backfill

Drainage pipes

Exterior moisture protection (asphalt coating)

Draining and capillary-breaking layer under the bottom slab
0 Basement wall of concrete or lightweight concrete block, alternatively

reinforced concrete cast in situ
11 Bottom slab of reinforced concrete

= O 00 NO U~ WN =

Source: adapted from Tréinformations Trdbyggnadshandbok

moisture from coming up. Organic material
should be avoided in a suspended foundation.
The underside of floor structures should be
made of moisture-tolerant material, such as
foam glass sheets or wood-wool cement.

A tried and tested method of making
suspended foundations is to ventilate them
with interior air instead of outdoor air. This
is referred to as a warm suspended founda-
tion and requires insulating the suspended
foundation from the ground and at the sides.
There are warm foundations that are ac-
tively ventilated with exhaust air, and there
are shallow, warm foundations where the air
in the gap under the floor is in contact with
interior air via small cracks and leaks. In the
latter case, the floor is not insulated and the
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air gap under the floor in the foundation is at
the same temperature as the interior air.

Slab foundations on the ground used to
be insulated above the cement slab, which
often resulted in moisture damage. These
days, slabs are insulated underneath to keep
out moisture. Insulation around the edges is
extra-important and sometimes the ground
around the slab is insulated so that frost
cannot penetrate under the slab and damage
it. Well-designed drainage with a capillary
breaking material is extra-important for slab
foundations on the ground.

If the bottom slab is made of stiff insula-
tion material, such as foam glass, concrete is
not needed in the construction. The build-
ing, that is the floor and walls, may then be
built directly on the foundation.

Plinth foundations usually consist of con-
crete plinths with wooden joist, on top, on
which the building is constructed. An ad-
vantage of plinth foundations is that air can
move freely under the building and so there
is no risk of moisture damage. But the floor
is exposed to outside air which creates an ad-
ditional surface through which heat is lost. In
recent years, for constructions in hilly terrain,
high plinths or pillars have been used in order
to avoid intrusive impact on the terrain.

T T
AT

The Koljern foundation method, with a ground slab made of cellu-
lar glass panels. As a thin aluminium sheet is part of the construc-
tion, it is totally impervious to radon and ground odours.

Source: www.koljern.se
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A foundation system with a warm suspended
foundation. Heated exhaust air is directed down
into the suspended foundation to repel moisture,
and so the foundation is protected from moisture.

T2

A heat cushion builds up under a building with
a slab foundation on the ground. With such a
foundation, heat can only escape from under the
outside walls.

it Wit fi o Lot

Slab foundations on the ground are considered

to be reliable if they are well drained and there is
insulation under the slab. This is the most energy-
efficient foundation system, especially with suc-
cessful avoidance of thermal bridges.
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BLOCK e gravel and blocks
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bridge in the side
beams has been

BARRIER eliminated.

Source: Status pre-
liminary drawing, Simone

Structures for Dismantling
Catarina Thormark (PhD in Technology,

Division of Construction Management,
Lund University) has in articles and a book
described the advantages of designing build-
ings for dismantling and recycling. Develop-
ment of this concept has taken place since the
late 1980s and mostly in Europe (Denmark,
Germany, The Netherlands), the US and
Australia. The advantages in brief follow.

Economics:

* the cost of waste management and raw
materials is increasing;

* the recycling potential of buildings will
be included in the environmental evalua-
tion of buildings;

* buildings that can be dismantled will
have a higher residual value.

Flexibility:

* large changes have taken place
and are taking place in population

development and household structures;

* there is a tendency for buildings to be
torn down before the end of their techni-
cal lifetime.

Environment:
* shortages of raw materials;

* about one-third of all waste produced in
society is made up of construction and
demolition waste;
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* pure material fractions are easier to re-
cycle;

* materials production makes up a large
part of a low-energy building’s resource
consumption;

* the influence of climate change on loca-
tion of settlements.

Examples of some systems made for dis-
mantling are screw piles that can be screwed
down into the ground instead of being pile-
driven, building blocks (similar to large
pieces of Lego), timber connectors that
use click systems, beam and joist systems
that can be dismantled for installations and
flooring, and tape for gypsum wall board
and panelling that makes dismantling and
reuse possible.

Following is an example of design-
ing for dismantling. The Norwegian
architect Bjérn Berge has developed a
flexible construction system that can be
dismantled, rebuilt and extended. It is
based on three principles: (i) the various
construction elements are separate; (ii)
every component is easy to dismantle;
and (iii) every component has a stan-
dard size and is made of homogeneous
material.

Nothing is glued or nailed. All joining is
carried out mechanically using bolts, nuts,
screws and clip-on brackets. The compo-
nents consist of solid material and not glued
composites.

I.I.4 CHOOSING A CONSTRUCTION METHOD
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Bathroom
foundation

The various parts of a building

in Norwegian architect Bjorn
Berge’s system are divided into
the foundation, supporting struc-
ture, shell and services.

Example of architect Bjorn Berge’s
building system.

The outside walls consist of:

Clip-on brackets
are screwed on

pine heartwood battens 21/98mm

pine heartwood exterior boarding
21mm

studs 48/48mm
boarding 21mm
unimpregnated cellulose board

(1
4@ & @) 3 cellulose insulation or wood shav-
4 i — A~ ings 250-450mm
A ¥ s i = - R .
- LA = cellulose board, linseed oil treated
148 x 148mm interior boarding 21mm
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12 Services

Development of services has meant they are now more numerous, more expensive
and more complex. They are installed in the following order: heating, electricity, water
and sewage. Ventilation is added rather late in the process, particularly in smaller
buildings. The latest addition is information technology (IT) services for both outside
communication and for controlling other services. The aim must be to choose services
that provide a good interior climate while simultaneously conserving resources. The
system should function without too much management or special expertise.



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
location of the building, especially with regard to air pollution from traffic and industry.
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 leak. 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; humidity; air,
sound and light quality; electro-climate and
ease of adjustment. With regard to thermal
comfort, the term operative temperature is
used, which takes into consideration room
temperature, surface temperature draughts
and temperature variations within the room.
Relative humidity has to do with air mois-
ture levels that are neither too dry nor too

The temperature of the walls influences how the

room temperature is perceived more than the air f'\.{___{:":'--""

temperature. If the walls are warm but the room |

air cold, the room is experienced as warmer than L

if the air temperature is warm and the walls are !'[i .

cold. [~
|

Source: Architects Eva and Bruno Erat, Finland

The most important comfort parameters are temperature
and humidity. It’s impossible to please everyone; 10 per

Temperature

fient

cent always complain and therefore it is good to be able to
control our own interior climate.

112

I HEALTHY BUILDINGS | 1.2 SERVICES | I1.2.0 INTERIOR CLIMATE

< {1, 15mi/s

moist. Optimal comfort is achieved between
40-60 per cent relative humidity. Air qual-
ity addresses fresh air and quantities of air, as
well as smell, dust, particles, emissions and
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-climate depends on electrical

and magnetic fields as well as static electric-
ity. Ease of adjustment has to do with being
able to control the interior climate, i.e. tem-
perature, ventilation and light, an important
comfort factor for many people.




Static electricity Control and Regulation

\1)5_5_5 Ny, Systems

52 Vieusal it Interior climate may be adjusted either
£ —— Visudl Limals

Acoustic ’
climate @ manually or automatically. Manual regula-
R 0 tion includes opening and closing windows
g = — Air hygiene s .
o and ventilation outlets, as well as turning the
Thermal

il (\[B \ heating up and down. This can be done us-
\ Al ity ing simple methods but requires participa-

\ tion by the occupants. Automatic regulation
Interior comfort is influenced by many different has developed considerably in recent years,

factors, including air cleanliness, temperature and concurrent with computer development.
humidity as well as light conditions, sound levels

and electro-climate. Current regulation systems are usually con-

nected to a local computer control system
that controls everything affecting interior
climate such as ventilation, heating, cool-
ing, lighting, etc. In principle, a building is
equipped with various sensors that monitor
temperature, air humidity, pressure, light
conditions, etc. All the sensors are con-
nected to the computer control 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 air may be polluted by a variety of sourc-
es, including unhealthy and unpleasant contents.

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
* relative humidity 30-40 per cent during < low concentration of particulate substances

the cold season and 40-60 per cent . |ow concentration 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 functions in a building are
computer-controlled,  these  functions
can be extended. Buildings controlled by
such systems are referred to as ‘smart’ or
‘intelligent’. Functions that can be added
include burglar alarms, fire alarms, overflow
alarms, humidity alarms, motion detectors
to adjust ventilaton or lighting, magnetic
switches that indicate whether or not windows
or outer doors are open, timers, etc. A display
screen can be connected where it is possible
to regulate the system, and to observe elec-
tricity and water consumption, interior and

<« &7

A human being can be electrostatically charged.
A negatively charged person attracts positively
charged dirt particles. A shock is received when
an electrostatically charged person touches an
earthed object.

—=— (022 100ppm

—a— RH % 10%

L . I L L I L i L "

19930225
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Fredskulla school in Kungélv, Sweden (designed by architect Christer Nordstrém) has natural ventilation, adjustable as required.
Climate monitoring shows that they succeeded in keeping the room temperature at about 20°C and the relative humidity at about
50 per cent. During the winter, the level of CO, sometimes exceeded 1500 parts per million (ppm). That level does not affect health
but exceeds earlier recommendations. When staff and pupils take regular breaks and open the windows, the CO, level can be

quickly lowered.

Source: Ventilation consultants Torkel Andersson and Hakan Gillbro, DELTAte, Gothenburg
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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 that heating is not turned up during this

short period. In a waterborne system, old
thermostats 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 together, func-
tions checked, problems detected, and
comparisons made between buildings to
determine where various energy-efficiency
measures should be used.

I HEALTHY BUILDINGS | 1.2 SERVICES | I.2.0 CHOOSING A CONSTRUCTION METHOD




Modbus f Internet * Radio + Dial-up * GSM « Satellite

MBus k ;
SOFTWARE
SIOX it & EXO4 - SCADA control & supervision  EXO4Web Server - web access
P - EXOreport —Analysis and presentation  OPC server — For open integration
EIB EXOdesigner - Development tool CorrigoE tool®  Regio tool®
. I
EXOline : 3
| - i
LON i CONTROLLERS = Freely programmable
L — e {  EXOflex —With maximum flexibllicy
TCPIP EXOcompakt — Small yet powerful
Regio Maxi — Advanced zone control i
RS485 4
I CONTROLLERS — Pre-programmed
R LT = Corrigo — For ventilation and heating
oz T ; Regio — Zone controllers
# gﬂ B - N; Optigo — For smaller applications
| Pty i
~ -
:
i ZONE CONTROLLERS / THERMOSTATS
i Regio — Zane controllers
\k..... = . Pulser —Triac controllers
s . & o .‘ J Prigo - Electranic thermostats
= - = = Floorigo — Thermostats for floorheating
- iy == L
TRANSMITTERS DETECTORS DETECTORS
% Temperature, Humidity, Pressure, CO, Smoke Presence
ar=F 2\ ) #
i ___.: 3 A computerized control
i VALVES ACTUATORS and regulation system.
i
Sl Source: Copyright AB Regin.
‘ -~ l lllustration by Klas Eriksson,
| -]
L i www.wendelbo.com

Regulation System Requirements

A control and regulation system should
meet strict expectations for comfort and

energy efficiency. Here is a checklist of re-
quirements for a good system.

* The output and level of heat from radia-
tors should adjust quickly and precisely
to changes in the surroundings.

* The system should have window switches
to turn off radiators when windows are
opened, i.e. a function that allows the
room to be aired without the radiators

needlessly turning on to compensate for
a sudden drop in temperature. Various sensors that monitor indoor climate, including sensors for air
humidity, smoke, pressure and temperature.
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* It should be possible to set a weekly
schedule for desired room temperature
that includes daytime and night-time
decreases and weekend requirements. It
should also be possible to set monthly
schedules for occupants’ long absences,
with a low temperature that is automati-
cally raised before their return home.

* It should be possible to divide the build-
ing into at least four zones which can be
regulated or to regulate each room with
different temperatures. For example, bed-
rooms could be kept at 18°C, the living
room at 19°C and the kitchen at 21°C
during the time each respective zone is

* The control system should be easy to
install and programme. It should not re-
quire daily inspection.

* An agreement should be reached with
the electricity supplier to set a ceiling on
electricity consumption during tempo-
rary grid overloading and consumption
peaks. This is called ‘load control’ and is
managed by the supplier. The advantage
of load control is that the electricity grid
and the whole production apparatus does
not need to be adjusted for temporary
consumption peaks. Home owners who

agree to load control receive a lower, set
electricity rate.

occupied.

Computer control system for ventilation
and heating at the office of pharmaceutical
company Novartis, Taby, Sweden.

Quidaar sensor

Sensor on the radiator flow pipe Remate control

M Radiator valve panel with

: £ indoor sensor

i and control clock
I

Maotor

There are regulation systems with temperature
reduction, weekly programming, interior and
outdoor sensors, or with a sensor on the pipe Requlator
supplying the radiators. Interior thermostats |
should be placed so that they are not affected Ratm V

by airing. Simple systems usually work best.

Thermal
valve

For example, indoor and the flow sensors in a
single-family house.
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1.2.1 | Ventilation

Ventilation is the service system that has the greatest effect on interior climate. Ventilation also
creates most irritation and gives rise to most complaints. Solutions to this problem, i.e. chosen
ventilation systems, have varied over time with in principle a new strategy every decade. This
is an indication that ventilation is difficult and that in order to achieve a good interior climate in
an energy-efficient and sustainable way the ventilation system must be carefully planned.

Why Ventilation?

Buildings are not ventilated in order to
meet human oxygen requirements. It is
difficult to construct a building that is so
airtight that an oxygen shortage would arise.
This only occurs in such spaces as subma-
rines and bank vaults. Ventilation is not
necessary because of CO,, though the CO,
level is often monitored. It has been recom-
mended by worker safety organizations that
levels not exceed 1000ppm. Monitoring of
CO, only shows air turnover per person in
relation to the volume in a particular room.
However, research has shown that people
and health are not significantly affected
at levels up to 5000ppm CO,, and up to
10,000ppm CO, is allowed in submarines.
Today, natural ventilation systems are not
only assessed according to CO, levels.

So ventilation is primarily required to:

* adjust the relative air humidity (prefer-

ably 40-60 per cent);

* remove excess heat (especially in schools

and offices);

* remove body odours and emissions (espe-
cially from materials in the room).

Pollution of Interior Air

The Danish researcher Ole Fanger has stud-
ied sources of interior air pollution. It can
be concluded from his studies that the ven-
tilation system itself and the air intake ducts
pollute the most, followed by inappropriate
activities such as smoking. Emissions from
materials are also a large source of pollution.

Conclusion: if healthy construction ma-
terials are used, smoking indoors is avoided,

and the air intake valves in ventilation sys-
tems are not polluted, good interior air can
be achieved despite a decrease in the venti-
lation requirement.

Reducing the Need for Ventilation

Heat surplus can be reduced by using sun
blinds, efficient lighting and heat-storing
materials. Moisture surplus can be reduced
through water-use management, local ven-
tilation (e.g. in a shower cubicle or kitchen
cooker hood) and use of moisture-buffering
materials. Chemical emissions can be reduced
by carefully selecting materials, surface coat-
ings and cleaning chemicals. Body odours
can be reduced through good hygiene and by
having flowers and green plants in a room.

If these steps are taken, ventilation is re-
quired primarily to remove surplus heat and
regulate relative humidity. Both these fac-
tors are affected by the climate, weather and
seasons as well as the number of people in a
room. So ventilation should be adjusted as
necessary in order to avoid over-ventilation
(which is a waste of energy).

Air Movement in Rooms

Warm air rises, and so there is an ascending
air current at a radiator. Cold air sinks, so
there is usually a cool downdraught at win-
dows. It is common to place radiators under
windows to counteract the downdraught. In
such a room air moves like a wheel, up the
outer wall and down at opposite inner wall,
which mixes the air well. If windows have a
low U-value, the radiators can be placed on
the opposite inner wall and air will circulate
in the opposite direction. It takes a long time
for air flows of different temperatures to mix.
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The ventilation system
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Materials
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for inside air
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Ole Fanger has developed a unit, called OLF, which shows a person’s emis-
sions to the interior air. The figure shows average sources of pollution in 15
offices in Copenhagen. An average of 17 people worked in each office.

Source: Professor Ole Fanger’s research from the 1980s. (ASHRAE Journal November
1988)

An open door
contributes more to
air exchange than
ventilation ducts.
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How this takes place is affected by where the
intake air is added and the exhaust is extract-
ed. Distinction is drawn between displace-
ment ventilation where air intake is at a low
level in a room and mixing ventilation where
intake air is introduced at a high level.

There are many factors affecting air
movement. An open door, for example,
provides much more air exchange than a
fresh air duct. It is important to prevent
‘short circuits’, where incoming air goes
straight out the exhaust air vent. A ventila-
tion system that functions well distributes
fresh air evenly throughout the room.

Ventilation Methods

Natural ventilation was the most com-
mon type of ventilation system during the
1950s and 1960s. A problem with natural
ventilation is that it is uneven. Sometimes
there is too little and sometimes too much.
Mechanical exhaust air ventilation systems be-
came common during the 1960s and 1970s.
Ducts were connected together and a fan was
installed in the exhaust vent. This guaran-
teed a minimum amount of ventilation, but
there was too much ventilation when natural
ventilation and the fan worked together. In
addition, fan noise could be problematic. Af-
ter the oil price increase in the 1970s these
systems were considered too energy-intensive
due to increased heating costs.
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Mechanical ventilation systems with an
air-to-air heat exchanger were introduced in
the 1970s and 1980s in order to reduce ener-
gy consumption. The systems were expensive,
complicated and had many problems, such as
fan noise, intake ducts becoming dirty and af-
fecting air quality, soiled filters affecting flow
adjustment, air leakage, condensation and
freezing in the heat exchanger, etc. A report at
the end of the 1980s showed that it rarely paid
to put such systems in single-family homes.

Exhaust air heat pumps became common
during the 1980s and 1990s. Exhaust air ven-
tilation was reintroduced but the system was
supplemented with a heat pump that took
heat from exhaust air and used it to heat water
in the hot water heater. These systems were
also expensive and complicated. Furthermore,
many of the heat pumps contained freons,
which are environmentally hazardous.

Fan-reinforced natural ventilation was
introduced in the 1990s. Natural ventilation
returned but was designed so that flow adjust-
ments could be made. Thermostatically con-
trolled air terminal devices were added to re-
duce over-ventilation during cold periods and
fans were installed that forced the flow during
warm petiods or cooled the building at night in
order to achieve a good interior climate during
the day. In large buildings, such as schools and
offices, sensors and computer systems are used
to control ventilation flow. Ventilation can be
adjusted according to climate and building pop-
ulation requirements. Natural ventilation must
cooperate with a building, the architect and the
ventilation consultant must cooperate, and ar-
chitectural design (such as ceiling height, room
position, roof design, monitors, chimneys and
towers) becomes part of the ventilation system.

Ventilation Systems

Previously, ventilation systems were purely
natural, but in recent decades fully mechan-
ical ventilation systems have become com-
mon. The latest approach is to combine
natural and mechanical ventilation. These
systems are called reinforced natural venti-
lation, fan-reinforced natural ventilation or
hybrid ventilation systems.
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There are different points of view about what is
best, displacement or mixing ventilation. The
top figure illustrates air movement if intake air
is introduced at an inner wall, if the windows
are energy-efficient and the radiator is on an
inner wall. The second figure down shows

air movement when intake air is introduced
through vents above the windows. The third
figure down illustrates a variation of mixing
ventilation where low-temperature fresh air is
‘sprinkled’ into the room from several fixtures in
the ceiling. This results in good mixing and very
cold intake air can be added to a room without
there being a draught. The system is called the
MoIndal model. The bottom figure illustrates
displacement ventilation where air enters at a
low level on an inner wall, radiators are located
under windows and the exhaust is removed at
high level.
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Matural ventilation with ventitation chimneys from the bathroom
and kitehen plug 2 kitchen fan.
Waterborne heating systam with an ol heater.

1975-1983

Meghanical, continual exhaust air ventilation
with direct electric heating.

1981~

Mechanical intake and exhaugt air system with an alr-to-alr
heat exchanger, Direct glectric heating

1983~

Mechanical ventilation with an exfraust air heat pump. The heat
pump extracts energy from the exhaust air and provides heat to
[fig hot water heater and the hieating system,

Watertiorne hieating with an electric emersion heater for additiona

PRINCIPLES OF ENVIRONMENTALLY

FRIENDLY'VENTILATION SYSTEMS

It should be possible to adjust the air flow in
every room according to season, weather and
temporary needs.

Air in the intake air system should be treated as
little as possible.

It should be possible to add intake air without
creating a draught, even during the cold season.

The heating system should only heat if the
temperature in a room is below the desired
level.

The heating and ventilation systems should be
soundless.

Interaction between the building and the ventila-
tion system should work well.

The system should include a minimum of tech-
nical components that can cause problems.

The system should be easy to inspect, clean
and wash.

The system should work together with natural
ventilation.

kWh/m# per year

A B C D

A Mechanical exhaust-air ventilation

B Mechanical ventilation with an exhaust-air heat pump
C Mechanical intake and exhaust-air ventilation

D Mechanical intake and exhaust-air ventilation

with an air-to-air heat exchanger

heat when required!
Typical ventilation systems for houses in Sweden.

Electricity consumption for different ventilation systems in
blocks of flats.

Source: Lee Schipper Source: Effektiv ventilation, BFR rapport T11:1994)
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Natural ventilation Natural and mechanical ventilation Mechanical ventilation
(hybrid ventilation)

Swedish model Danish model German model Finnish model
Fan-assisted natural ventilation Intake air from the facade, no Preheated intake air via the Balanced low-pressure system
via culverts, no filters, and only filter, and only a bathroom fan. facade or courtyard, and only a with recycling and filtering.
an intake air fan. bathroom fan.

Previously either natural or mechanical ventilation was used. Currently, more and more systems combine natural ventila-
tion with mechanical ventilation. These are sometimes called hybrid systems. The more to the right a system falls in the
above figure, the more technology is involved, with associated energy consumption, noise, problems and risk of contami-
nation of intake air.

Source: Bygningsintegrert ventilasjon — en vejleder, @koByggprogrammet — program fér en miljgeffektiv byggebransje, Norge, 2003

Mechanical
©
o
£
o 3
2] Hybrid
{Danish type)
without filter &t}
-
Mechanical
=
3 el
E Hybrid A Norwegian study of ventilation
o {Swedish type) with- B systems showed that users were
% out heat exchanger most satisfied with fan-reinforced
E natural ventilation systems and
= least satisfied with purely
~ mechanical ventilation systems.
{Norwegian type) —l =
with heat exchanger Source: Bygningsintegrert ventilasjon —
i en vejleder, @koByggprogrammet —

program for en miljgeffektiv

0% 5% 10 % 15 % 20 % 25 % 30%  pyggebransie, Norge, 2003
Indoor environmental problems index (0% = best, 100% = worst)
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Natural Ventilation Forces

Natural ventilation is driven by thermal and
wind forces. Thermal forces arise partly due
to the difference in pressure between cold-
er, heavier outside air and warmer, lighter
interior air (warm air rises), and partly due
to pressure differences at different heights
(stack effect). Wind forces arise partly due to
the presence of positive pressure and negative
pressure on different surfaces of the building
(wind pressure), and partly due to the suc-
tion power created by the wind flowing over
the chimney opening (the Venturi effect).

The amount of thermal force depends
on the difference between the inside and
outside temperatures, and the difference in
height between the top of the chimney and
the air intake. The amount of wind force
depends on wind speed and direction, the
shape and size of the building, as well as the
design of the chimney opening.

Natural ventilation works when there
are small pressure differences. For purposes
of comparison it can be pointed out that a
circulation pump works at about 2000mm
wc (water column), a fan at about 200mm
wc, while a natural ventilation system works
at about 0.2—1mm wc. About half the ther-
mal force is generated from difference in
temperature and about half from the height
of the chimney. Wind force is usually the
dominating force in a natural ventilation
system. However, it is not difficult to create
enough flow in a natural ventilation system
if the ducts are big enough. The difficulty
is adjusting the ventilation. It is a question
of limiting the excess ventilation produced
by wind and thermal forces during the win-
ter, and having a good interior climate on
warm summer days with the help of cross-
draughts, open windows and monitors, as
well as underground ducts, night ventilation
and other methods of ‘passive cooling’.

Older Natural Ventilation Systems
High ceiling heights together with warm

chimney stacks from tile stoves in each
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room and leaks around windows resulted
in good ventilation. Advanced natural ven-
tilation systems were developed during the
late 1800s and early 1900s. These used
both intake and exhaust air. Intake air was
preheated in special chambers in the winter
and humidifying was sometimes used in the
summer to cool air. Heating and ventilation
systems were often combined. The ventila-
tion systems had many ducts, often embed-
ded in walls, that were adjusted with damp-
ers. The intake air fixtures, which consisted
of cast-iron grates in the floor, walls and
ceiling, were often beautifully designed and
exhaust air exited through elegant ventila-

tion chimneys and towers on roofs.

A problem with natural ventilation systems is that
there is better draught on the ground floor than
on the floor above. This can be compensated for
by taking in all air to an intake chamber in the
basement, from which intake air to all the floors is
distributed. ‘P’ refers to pressure.

Source: P. O. Nylund, Kulturmiljévérd 1/91
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Preheating chambers

At the end of the 1800s and in the early 1900s it was com-
mon for large premises to have natural ventilation systems
with preheated intake air and preheating chambers. The
drawing above shows Pentonville Prison, London, England
in 1844. During the summer, thermal forces were intensified
by lighting coal-burning stoves in the attic.

Beautiful ventilation grates for
exhaust air at Operakéllarenin %
Stockholm.

Source: Photo: Maria Block

When designing natural ventilation, an architect must
think through how air moves through a building.

Source: Bolig og naturlig ventilation — indeklima energi driftssik-
kerhet, edited by Rob Marsh and Michael Lauring, Denmark,
2003
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The ‘Stockholm ventilation’ is a natural ventilation
system used in blocks of flats. A duct takes fresh
air from the ground floor up to an intake duct at
low level in the bathroom. The exhaust air is taken
from an exhaust duct at high level in the room

via the same duct up to the chimney. The duct

is divided up into intake and exhaust sections

without contact between the two. Flats may also
have additional exhaust ducts.

Designing Natural Ventilation

It is possible to construct natural ventilation
systems that work well, but there is a lot to
consider.

Airtight buildings with high ceilings
facilitate ventilation. Heat-storing and
moisture-buffering materials even out the
interior climate. Sunscreening and effi-
cient electricity use reduce the amount of
internal thermal stress requiring ventilation.
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A well-thought-out architectural design can
minimize the requirement for ventilation
ducts. The floor plan affects air flow in a
building, where air is taken in, how interior
air flow occurs, and where air is extracted.
Air is often taken in in bedrooms and work
rooms. The air then goes as transferred air
to communication spaces, and is extracted
from kitchens and bathrooms. Slots in doors
is one way of directing air from one room to
another. Relatively large ducts are required
for natural ventilation, about 150cm? (half
bat x half bat brick) in order to ventilate a
bedroom. Long ducts and horizontal ducts
should be avoided. The ducts should be

easy to clean.

Fan-reinforced Natural Ventilation

Fan-reinforced or otherwise controlled
natural ventilation means that a natural
ventilation system is equipped with auto-
matic control technology such as thermo-
stats, dampers or fans in order to provide
better control over ventilation flow. For ex-
ample it is possible to have thermostatically
controlled valves in the air intake ducts in
bedrooms, with the air intake placed high
up or behind radiators to avoid draughts.
Exhaust air chimneys fitted with exhaust
air fans that can be adjusted as necessary
direct air out of kitchens and bathrooms.
At the top of the ventilation chimneys there
are hoods to prevent reverse air flow, and/
or a spinner that increases and adjusts the
ventilation flow. Adjustment can take place
manually, for example with a damper, with
an ‘away’ button (when no one is home the
ventilation is reduced), or by turning on
a fan to force ventilation (when cooking,
during parties, etc.). During the summer,
ventilation can be increased even more by
opening windows.

During the 1990s, a large number of
Swedish schools were built with natural
ventilation systems. In principle, they are
built in the following way: air is taken in
through an underground duct where it
is brought to room temperature — it is
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By using the Spar-Ven company’s stack-induced ventilation
with auxiliary fan system with thermostatically controlled air
intake ducts and ventilator cowl, it is possible to avoid excess
ventilation during the winter and during strong winds. With
the help of the summer fan, the ventilation works well, even
on hot summer days. The details show the ventilator cowl
with summer fan and heat exchanger, and the thermostatically

controlled air intake duct.

preheated in winter and cooled in sum-
mer. The underground ducts which are of-
ten designed as culverts, and where cables
and pipes for other services are placed, are
so big that air movement is slow. The slow
air movement results in sedimentation of
particles, that is they fall to the floor where
they can be cleaned away. So the system
does not require filters. The culverts are
equipped with mesh to keep out small ani-
mals. Furthermore, the ducts are installed at
an angle and drain so that condensation can

Valve flap

Hood

Heat exchanger

Auxlliary fan
Collection
chamber

Existing
chimney

ot
“%& %\a/ v
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Valve
box

|
J Opening
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spring

be removed, and they are designed so that
they can be easily inspected and cleaned.
Sometimes there is a fan for ventilation
at night, a fire damper, and radiators for
preheating intake air in the intake air sys-
tem. Air is directed up to the classrooms,
sometimes through a muffler, and in such a
way that draughts are avoided. The ceilings
in the classrooms are high, exhaust air is
removed through ventilation chimneys and
monitors in which windows or hatches can
be opened to varying degrees depending on
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Architects Mauritz Glaumann and Ulla Westerberg have developed a

method to reuse heat in a natural

ventilation system, a solution they have

in their own home in Vidja outside of Stockholm. There is a pipe-in-pipe
system in the ridge where the cold fresh air in the inner pipe is heated by

the hot used air in the outer pipe.

Detail from
the home of
Glaumann and
Westerberg

Air exchangah Conventio
20+ mal patural
ventitation
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. otack induced ventila
Air exchange rate as 14 liom With auxiliary fan
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speed over the top of 05
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the chimney (summer- Lz h
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the season. In the summer, cross-draughts
can be achieved by opening windows. The
ventilation is adjusted with dampers and
by opening windows. Adjustments can be
made manually or automatically.

Interview studies have shown that most
people in the schools with natural ventila-
tion are satisfied with the interior climate.

Danish office buildings with reinforced
natural ventilation have received a lot of at-
tention. Intake air comes through the outer
wall, either through ventilation windows
placed at high level or via air intake fixtures.
The ceilings are high and since the air in-
take is high up in the room, the incoming
air mixes with the inside air and creates a
draught. In some cases, air intake radiators
placed by the air intake fixtures preheat the
air. From the offices, the air moves through
open doors or air transmission fixtures out
into the communal areas. Stairwells or
courtyards function as exhaust air ducts, and
air is released through openable windows or
roofs located at the top of the building. The
buildings are often constructed using heavy
materials in order to even out the interior
climate. Adjustments take place automati-
cally via dampers and windows that open




Garda: Overall assessment

Everyone: Staff + students n=129  People with allergles n=46

0 20 40

60 80

Air quality, everyone

People with allergies”

Thermal comfort, everyone

People with allergies®

Acoustics, everyone

Light cond, everyone

Cleaning, everyone

People with allergies”

Comfort, everyone

People with allergies®

]

* Specifically

] Good

[ Accept.

W Poor

Fredkulla: Overall assessment

Everyone: Staff + students n=53

0 20 40

People with allergies n=14

60 80

100

Air quality, everyone

People with allergies”

Thermal comfort, everyone

People with allergies®

Acoustics, everyone

Light cond, everyong

Cleaning, everyone

People with allergies*

Comiort, everyone

People with allergies”

* Specifically

] Good

and close as required and according to wind
direction. Among other things, there are
pressure-adjusted air intake ducts. There
are also several exhaust air fans located on
the roof in case it is necessary to force venti-
lation, e.g. for night cooling.

Several German office buildings have
been built so that intake air enters through a
double-glazed fagade. Sometimes the sheets
of glass are placed so far apart that they form
a glassed-in space used as an entrance and
stairwell. The glassed-in spaces are often de-
signed as greenhouses and filled with green

[CJ Accept.

W Poor ]
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The diagrams show people’s
experience of the interior
environment in Swedish schools
Garda in Visby and Fredkulla in
Kungalv.

Source: Skolor med ventilation dér
sjélvdrag anvénds — Exempel pa
Iésningar och resultat, Anslagsrapport
A11:1997 Byggforskningsradet, Marie
Hult, White architechts AB

Schematic section of
a building with fan-
reinforced ventila-
tion in a culvert (the
Swedish model)

Source: Bygningsinte-
grert ventilasjon — en
vejleder, @koByggpro-
grammet- program for
en miljgeffektiv bygge-
bransje, Norge, 2003
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Vargbro School in Storfors, Varmland, is a passive building built in 2008, with several environmental components. The
hybrid ventilation system, with air is brought in via a culvert that starts 30m from the facade, is energy efficient and sound-
less. Exhaust air goes out through ventilation openings in the roof. Fans in the underground culvert can help with air
movement if needed. The school is super-insulated and is equipped with a solar cell system that is a little more than 130m?
in size and provides 18,000kWh per year. Further, the facility has an advanced computerized operation system.

Architects: K-Konsult Arkitekter | Varmland AB. Ventilation: Torkel Andersson, DELTAte.
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plants that clean and moisturize the intake
air. From there, the preheated air is taken
into the offices. The architecture is domi-
nated by a number of high chimneys that
carry the exhaust air away from the build-
ing. Chimneys and towers have once again
become common architectural features.

Swedish office buildings are usually built
with completely mechanical ventilation sys-
tems. To save energy, office buildings with
large, built-in, heavy, heat-storing frames
that balance heating and cooling require-
ments have been developed. To increase
the heat-transmitting surface, cavity walls
are sometimes used for intake air and cav-
ity floors for exhaust air. There are systems
for cooling and heating in every room that
function cooperatively. In such office build-
ings it is possible to accurately control the
interior climate, but the system is expen-
sive and complicated. Even in this type of
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office building there is nothing to prevent
the use of underground pipes for intake air
and of chimneys, stairwells or glassed-in
courtyards as ducts for exhaust air.

Mechanical Ventilation

It isn’t always possible to use natural ventila-
tion systems, e.g. in large kitchens and labo-
ratories, and so mechanical ventilation must
be used. Ultra-energy-efficient buildings with
heat exchangers for ventilation also require
mechanical ventilation. There is an ongoing
discussion about what is best: prioritizing en-
ergy efficiency and choosing mechanical ven-
tlation, or prioritizing the interior climate
quality and choosing controlled natural ven-
tilation, which consumes somewhat more en-
ergy. To achieve a good interior climate with
mechanical ventilation, extra effort is needed
when designing the system.




Air-to-Air Heat Exchangers

An air-to-air system with a heat exchanger is
an option in a building designed to be so ener-
gy efficient that no heating system is required.
In this case, the ventilation system requires a
heat exchanger. In such a system, it is espe-
cially important to have quiet fans, an easily
accessible heat exchanger (so that it is easy to
change filters and keep clean), and air intake
ducts that are accessible for cleaning. The heat
exchanger itself must be highly efficient.

The size of the heat exchanger in passive
homes is usually the size of a common tall

cupboard.

Intake Air

Intake air is taken from outdoors where
it is cleanest, but there are many different
ways to introduce air to a room. It is best
to locate and design air intake fixtures so
that they are affected by the wind as little
as possible. Air can be taken directly into a
room via slot air vents or air intake fixtures
which can be thermostatically controlled to
avoid over-ventilation in winter. To avoid
draughts, the air intake can be situated high
up in the room so that air mixing takes
place, or behind a radiator so that the air
is preheated. There are also systems that
sprinkle in air from several fixtures in the
ceiling, and so very cold air can be added
without creating a draught. Sometimes
intake air is introduced through an air in-
take duct, either to increase the stack effect
(distance between intake and exhaust) then
the intake is placed low down, or to intro-
duce clean air and then the air intake can be
placed high up. To preheat the air, intake
air can be brought in through a glassed-in
space or glassed-in veranda, a double-glazed
fagade, or a solar panel for heating air. An-
other choice is to introduce air through an
underground pipe where it is preheated
during winter and cooled during summer.
Intake air can also be cooled with the help
of evaporative cooling if the air is brought

I \
\' Schematic section of
_—— L e i a building with the air

— ot intake entering directly
. via the facade (the Dan-
S— 1 | o i ish model).
— I s
Source: Bygningsintegrert
e ) k s ventilasjon — en vejleder,
: 3 @koByggprogrammet-pro-
E gram fér en miljgeffektiv
byggebransje, Norge, 2003

Schematic section of

f a building with the air

LA intake entering through a
=3 double-glazed facade (the
A German model).

—] -
Source: Bygningsintegrert
ventilasjon — en vejleder, @ko-

—] P Byggprogrammet- program
for en miljgeffektiv byggebran-
sje, Norge, 2003

The company Window Master constructs natural ventilation based systems.
Advanced window openers (that can be set according to desire) supply
fresh air via gaps near the inner ceiling. Exhaust air goes out via ventilation
chimneys. Cooling during the night ensures a pleasant indoor climate dur-
ing the summer. The heavy mass of the building contributes to evening out
the indoor temperature.

Source: Office building for Akzo-Nobel in Stenungsund by architect Arne Algerdd,
Mats & Arne Arkitektkontor. Ventilation: Torkel Andersson, DELTAte.
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Air Star is a decentralized ventilation system with a unit in each room. It alternately conveys in fresh air, which is
heated by the heat exchanger, and conveys out air that heats up the heat exchanger. The heat exchanger is made up
of corrugated cardboard and stores that heat through sorption. Water is gathered from the moisture in the exhaust
air and absorption and condensation heat is created.

Source: Clean Air System.

in across a sprinkled expanded clay bed, an
artificial waterfall or a fountain.

Different methods for air intake can be
combined or used differently in summer and
winter. A natural ventilation system that is ad-
justed as necessary must be regulated in some
way. Regulation can be carried out manually
by opening and closing windows and damp-
ers or by using entirely computer-controlled
systems where sensors monitor temperatures,
humidity and wind direction, and a comput-
er control system automatically adjusts fans,
dampers and preheating. There are mechani-
cally controlled dampers. The most common
are thermostatically controlled air intake fix-
tures. There are also dampers controlled by
moisture and pressure.

An air intake duct centrally placed in the building. The socket for a built-in
central vacuum system is also visible in the photo.

Source: The Solid Wood House at the Building Exhibition, BO 01, in Malmo, Sweden,
White Arkitekter AB and Ekologibyggarna AB
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Damper
Black sheet
metal or
facade
board

Radiator
Wind
protection

o

The air intake fixture called ‘Flipper’ from Acticon Ltd is self-adjusting,

depending on pressure and amount of air. Counterweighted flaps open
under pressure and make sure the air flow is rapid enough to distribute
the cool intake air.

The principle of a solar wall.

Bengt Hidemark is an architect
who has applied the preheated
intake air method. The spaces
between the bottom of the win-
dows and the floors in this home
for the elderly in Marsta, Sweden
are designed as solar walls.

I HEALTHY BUILDINGS | I.2 SERVICES | 1.2.I VENTILATION 13]




The Exhausto brand moisture-controlled
air intake fixture is mechanical. A nylon
strip responds to air humidity.

Source: Leif Kindgren

The Velco brand valve has a built-in
thermostat that regulates air intake
according to outdoor temperature.

Source: Leif Kindgren
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Natural ventilation via an underground
pipe involves bringing intake air in through
an underground pipe to an air intake
chamber under the building. From there,
separate air intake ducts (that are easy to
clean) lead to all the bedrooms and the liv-
ing room. Air is exhausted from the bath-
rooms, laundry room and kitchen. Air
exhaust ducts go straight up to ventilation

required.

chimneys on the roof. Pinwheels at the
top of the chimneys force and regulate the
draught. Manual regulation with a damper
is also used. As the intake air is brought
in at a central point in the building, it is
not affected by wind pressure, and a more
even ventilation is achieved. Furthermore,
because downdraughts and draughts from
air intake fixtures on the outer wall are not
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The main office of the Pihl & Sgner
construction company in Copenha-
gen, Denmark, is naturally venti-
lated. Intake air is drawn through
narrow, high slit windows that adjust
automatically. The regular windows
are opened and closed manually as
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a concern, it is possible to install a simpler
and cheaper heating system with radiators
on inner walls.

Natural ventilation with air intake from
above is an option if underground ducts
cannot be used or are not desirable. Intake
air is brought in via an air intake duct with
an opening above the ceiling. The duct
works as a ‘snorkel” and leads fresh air down
to an air intake chamber. Otherwise, the
system works in the same way as natural
ventilation with an underground duct.

Preheating of intake air can take place in
a space designed as a solar wall between the
bottom of a window and the floor. Fresh air
enters via a gap between the wall’s insula-
tion and exterior black sheet metal covered
with glass. During the summer, it must
be possible to block the air flow so that it
does not get too warm indoors. In indus-

trial buildings built of sheet metal, intake

Snorkel ventilation with an air intake above the

roof that pulls air down to an air intake chamber

under the rooms/premises to be ventilated.

i

air can be brought in behind the metal on
the south side of the building (as well as on
the roof). The metal is warmed by the sun,
especially if it is a dark colour, and warms
the intake air in the gap between the metal
and the insulation. Radiators can be de-
signed so that they preheat incoming air. In
some radiators, warm room air is circulated
with a fan and mixed with outside air. This
method avoids draughts even when there is
a large amount of ventilation.

Z-

#
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Natural ventilation via an underground duct in a house. The fresh air is taken to an air chamber in the foundation. Easy to clean
straight ducts lead from that chamber to every room as well as to the fireplace and larder. Exhaust air is removed through chim-
neys from toilets, bathrooms and kitchen.

Source: Det Hallbara Huset [the sustainable house] finalist in Miljinnovation 2002, architects Maria Block and Varis Bokalders
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There are various methods for preheating intake air.
Intake air can be introduced via a box behind a radia-
tor or through a special air intake radiator. The photo
shows such a radiator made by Clean Air System,
which is designed to withstand damage from freezing.

Intake air can be cooled us-
ing evaporative cooling. The
photo shows the air intake to
an underground duct filled with
expanded clay pellets which
are sprinkled with water in the
summer. The intake air is thus
cooled first by evaporation and
then by the cool underground
temperature.

Modern ventilation slots are often combined with a metal box
behind the radiator where air is preheated. If necessary, a
filter can be placed in the box. The photo shows this type of
radiator, which can be opened to facilitate changing filters
and cleaning the air intake duct.
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Exhaust Air

It is most common for air to be exhaust-
ed from the kitchen, laundry room and
bathroom. A cooker hood in the kitchen
removes cooking odours via natural venti-
lation. Cooker hoods often have a separate
duct since it accumulates grease and should
be especially easy to clean. In the bathroom,
a shower cubical can act as a room within a
room and the bathroom can be ventilated
through it. Both these methods are a type of
local exhaust where pollutants, food odours
and moisture are removed as close to the
source as possible. This natural ventilation
can be regulated with a damper. It is of
course possible to install a fan to periodically

force ventilate, but the design should not
prevent natural ventilation when the fan is
turned off.

Ventilation Chimneys

Chimney top design affects ventilation.
There are caps to prevent backdraughts
caused by the wind. There are wind-in-
duced downdraught-preventing caps that
adjust according to the wind, prevent
backdraught and increase the Venturi ef-
fect. There are turbines that increase ven-
tilation with the help of the wind’s force.
There are turbines (Savonius rotors) that
increase ventilation up to a certain point
where they are self-regulating so ventilation
is stabilized. There are also turbines that are

2. The room's own exhaust
fan turns on when the

temperature climbs higher, 8

1. The radiator turns off
when the temperature

reaches the desired p
level due to lighting and
human body heat,

S

In the MéIndal ventilation model, air flow is controlled by room temperature. Body heat
eventually starts the exhaust fan. There is then negative pressure in the room and
outside air (cold) is sucked in through valves in the roof.

Source: Bra Iuft i skolan — Om ventilationens betydelse for inneklimatet i Méindals skolor, Svenska

kommunférbundet, 2002

A wind vane on the ventilation chim-
ney adjusts to the wind direction.

It counteracts backdraughts and
increases natural ventilation via the
Venturi effect.

I HEALTHY BUILDINGS | I.2 SERVICES | I1.2.1 VENTILATION




self-regulating and restrained by a thermo-  glass tube encloses the sheet metal pipe.
element when it is cold out and the forces  The exhaust air is thus heated and the
created by temperature difference increase
(‘the clean turbine’).

temperature difference increases, thereby
increasing the natural ventilation force as

A solar chimney is a chimney de- well. Of course, a ‘summer fan’ can be
signed as a solar collector. The sheet installed in the chimney and turned on
metal chimney is painted black and a  as needed.

Super-turbine.

There are advanced types of combined-function
rotary terminals that act both as air intake and
exhaust air vents.

Source: Architecture in a Climate of Change — A Guide to
Sustainable Design, Peter F. Smith, 2001

The ‘Rena Snurren’
rotating cap on

the Torkel building
in Kovikshamn,
Bohuslan, is made
by Hakan Gillbro,
DELTAte, Gothen-
burg, Sweden

Instead of a ventilation chimney, exhaust air can
be removed through a natural ventilation fixture in
a roof ridge ventilator. Wind blowing over the roof
ridge creates a Venturi effect that intensifies the
natural ventilation.

Source: Architect Mauritz Glaumann, The Royal Institute
of Technology (KTH), Gavle, Sweden
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Wind concentrator

Inlet protector

X

\ I':

Ventilation consultant Kalle Magnusson, Saltsj6-Boo, Sweden has
developed a ventilation cap with inlet protection and wind concentra-
tor, called the Kalle hood, to improve natural ventilation.

Tofors Ltd markets humidity- and demand-controlled
exhaust air fixtures with a small, electronically con-
trolled motor. The electronics respond to humidity,
temperature and motion.

Local exhaust ventilation from a shower
cubicle and a cooker hood.

Source: Bolig og naturlig ventilation — indeklima
energi driftssikkerhet, edited by Rob Marsh and
Michael Lauring, Denmark, 2003. lllustration:
Leif Kindgren
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Solar collector —

| e The principle for ventilation in Tanga school in
,é]) ; Falkenberg, Sweden. Intake air is introduced through

radiators in the outer wall and exhaust takes place
through solar chimneys.

The solar chimney, Tanga school,
Falkenberg, Sweden.

Source: Architect Christer Nordstrém
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Solar chimney.

Ventilation chimney at the
camping site, Sjélland,
Denmark. The wing shape
above the ventilation
chimney increases natural
ventilation by creating
negative pressure on the
underside of the wing.

Savonius rotor.
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EXAMPLES OF SWEDISH BUILDINGS WITH NATURAL VENTILATION

Most new buildings in Sweden use mechanical ventilation, but there is a revival of
natural ventilation in sustainable buildings. Modern natural ventilation systems are
regulated according to need and season. This can be done manually or by computer.
More complex buildings combine natural ventilation with fans. These kinds of ventila-
tion systems are called hybrid systems. Experience shows that the interior air climate
in most naturally ventilated buildings is appreciated by the occupants.

The Hus Torkel build-
ing in Kovikshamn,
Bohuslan, is venti-
lated with fresh air
through three earth-
pipes, and the
exhaust air is
removed through a
ventilation chimney
with a rotating cap.
One of the earth-
pipes cools the
larder.

Source: Architects: Maria
Block and Varis Boka-
Iders. Ventilation: Torkel
Andersson, DELTAte

Glaumann/Westerbergs
house in Vidja, outside
Stockholm, has a natural
ventilation system with

heat exchanger. In the roof
ridge there is a large pipe
with a slot in the top. There
is a spoiler over the slot
that creates negative wind
pressure. This pipe is for the
exhaust air. Inside this large
pipe there is a smaller pipe
for fresh air with intakes at
the top of the gables. The
exhaust air in the bigger pipe
heats the fresh air through
the metal in the inner pipe.
The exhaust air is extracted
through the ceilings. The
fresh air is delivered to the
ground floor.

e — Architects: Mauritz Glaumann and
Ulla Westerberg
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Multi-family houses, ‘Birgittas Tradgardar’ in Vadstena. Fresh air is introduced through an earth-pipe to an air chamber
in the foundation. Individual ducts take air to every room. Every kitchen and bathroom has its own ventilation chimney

with a rotating cap.

Architect: Peter Kark. Ventilation: Torkel Andersson, DELTAte

The Mikaeli school in Nyképing
is one of the many naturally
ventilated schools. The air is in-
troduced through an earth-pipe
to a corridor under the school.
From here there are ducts to ev-
ery classroom. The classrooms
have high ceilings and at the
top of the gables there are flaps
for exhaust air. The system is
manually regulated.

Architect: Asmussen Arkitektkontor.
Adviser: Varis Bokalders.
Ventilation: Torkel Andersson,
DELTAte

I 42 1 HEALTHY BUILDINGS |

I.2 SERVICES | I1.2.1 VENTILATION




An educational building of the Royal Institute of Technology in Haninge, Stockholm. The air is introduced through an
earth-pipe into a common space. This open space goes through all the floors and is ventilated through windows at the top.
The individual rooms are ventilated through this open space. There are also ducts from the classrooms to fan-equipped

ventilation chimneys on the roof. The system is computer-controlled.

Architect: Temagruppen Sverige AB. Ventilation: Géran Stahlbom, Allmanna VVS-byran

Office building for Akzo
Nobel in Stenungsund.
This office building is built
using heavy materials.
The heavy mass is used to
balance heating and cool-
ing needs. The building is
ventilated through small
windows. These windows,
made by Window Master,
are closed and opened

as necessary by self-
regulating sensors, which
regulate both temperature
and relative humidity. This
concept significantly low-
ers energy needs.

Architect: Arne Algeréd,

Mats & Arne Arkitektkontor.
Ventilation: Torkel Andersson,
DELTAte. Photo: Mats & Arne
Arkitektkontor
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1.2.2

Electric Services

We surround ourselves with electricity cables, electric gadgets, lighting, etc. The
alternating current that passes through electric wires and devices creates electric and
magnetic fields, sometimes at strengths that may pose health hazards in the long term.
It is important to know how to install electricity so as to minimize these fields. Electric
services in buildings are not the only cause of electromagnetic disturbances. There are
many other causes including: overhead lines, underground cables, mobile telephone
communication base station towers, radar stations, electric fences and TV transmitters,

to name a few.

Electric and Magnetic Fields

Electric services produce both electric and
magnetic fields. Since electricity is today
used almost everywhere, people are continu-
ally surrounded by various fields. If steps are
taken to improve the electric environment
or make it easier to make improvements at
a later date, future requirements can be met
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with less difficulty. For a new construction,
such measures do not cost much. However,
electrical renovations made at a later date
are much more expensive. Electric fields
from electric services and devices can be
limited by using earthed thin metal foil or
metal net. Common causes of increased
magnetic fields are stray currents and over-
tones (disturbed or disharmonic currents)

In offices, people are of-
ten surrounded by many
devices that emit electro-
magnetic fields. Be aware
of where electric cables
run and that fluorescent
lights in the room below
may be only 30cm under
your feet. The figures
indicate values for up to
a distance of 10cm and
may vary greatly.

Air condltio-
ning T Source: adapted from draw-
ing by Inger Blomgren in the

74 periodical Arbetsmiljé 3/89
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Magnetic fields are created around charged conductors
and are measured in tesla (T). B (magnetic flux density)
amounts to 0.2pT (microtesla) 1m from a conductor with

Fliix ling
P

B=0.2§T
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Magnetic fields can be limited, for example,
by increasing the distance from the source,
by placing magnetic fields in opposition so
that they neutralize each other and by us-
ing five-conductor cable systems instead of
four-conductor cable systems.

Hypersensitivity to Electricity

It is not possible to determine who is hy-
persensitive to electricity by doing a blood
test or some other medical examination.
Those who are classified as hypersensitive
to electricity are those who themselves feel
that they are. By measuring, among other
things, pulse, blood pressure and brain
reaction, researchers have shown that the
nervous systems of people hypersensitive to
electricity are more sensitive than those of
other people, i.e. they respond more to var-
ious stimuli, for example light and sound.

a current of 1 ampere (1A).

The largest group of people hypersensi-
tive to electricity are those who experience
problems working in front of monitors.
Many are helped by altering the electric en-
vironment in their homes and workplaces.
Other measures include reducing the time
spent in front of monitors, using a monitor
with lower field intensity, replacing fluores-
cent tubes, improving air quality and reduc-
ing psychosocial stress.

In recent years, mobile telephone net-
works have developed. So turning off the
main circuit doesn’t help to free us from
electric and magnetic fields — radiation
comes in from outside our homes.

Electro-conductive paint that shields from
electromagnetic radiation is marketed by
Caparol (ElectroShield). The paint contains
ingredients that block electromagnetic radia-
tion and low-frequency fields that surround
electric devices and electric cables. The paint-
ed surface should be grounded and the radia-

tion is thus directed down into the ground.

Power Lines

According to the EU regulations the recom-
mended value that should not be exceeded
for the exposure to the magnetic field from
powetlines of a population over a consid-
erable time is 100pT [micro (= 107°) tesla]
and 5kV/m.
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People hypersensitive to electricity may
react to fields as weak as 20-30nT (nano-
tesla = 107). Levels lower than this are found
several hundred metres from a 400kV line.
Research has shown that childhood leukae-
mia can occur to a somewhat higher degee
than normal if the magnetic field flux den-
sity in the home exceeds 0.4pT.

Overhead power lines can be replaced
with underground cables. This radically re-
duces the strength of the magnetic fields,
but is quite costly. A less expensive ap-
proach is to install the three phases of the
line in a triangular shape. This reduces the
magnetic field but not as effectively as un-
derground cable.

Transformers

One source of magnetic fields are enclosed
substations. In the spaces directly over and
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While planning electrical lines the magnetic fields
created by transformer stations and underground
electrical cables should be taken into consideration.

I 46 I HEALTHY BUILDINGS | 1.2 SERVICES | I1.2.2 ELECTRIC SERVICES

beside such stations there may be increases
of up to tens of T. Substations should not
be located in or near buildings where people
live or work.

Supply Lines

Underground supply lines that supply a
building with electricity should be placed
5-10m from the building and laid to the
electrical distribution board in such a way
that the route within the building is as short
as possible.

Electrical Distribution Boards

Electrical distribution boards should not
be located near spaces regularly frequented
by people. Distribution centres should be
connected directly to primary distribution
boards to minimize the intensity of cur-
rent in the respective main cables. All cen-
tres should be metal-enclosed and earthed.
All main cables should be connected with
separate wires for neutral and earth to mini-
mize currents arising in the earth protection
when there is asymmetrical loading.

Strong magnetic fields can exist close to electric devices, but
the strength of the field diminishes very quickly away from

— — —— e the source. From a health perspective, one should be cau-
tious about spending much time near devices that are used
over long periods of time.




Magnetic Fields from Various Power Lines

Portal Tower Single Triangle Tower Stockholm Energy Tower
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Magnetic fields around
power lines can be
reduced by 90 per cent,
depending on how the
lines are arranged. Lars
Jonsson at Stockholm
Energy has developed a
tower with five instead of
three phase lines, which
reduces magnetic fields
considerably.

Artistically designed powerline supports, Esbo, Finland. Artistically designed powerline supports, Jyvéskyl4,
Finland.

Source: Fingrid Oyj. Photo: Esa Kurkikangas.
Source: Fingrid Oyj. Photo: Risto Jutila.
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PROPOSED STEPS TOWARDS A GOOD ELECTRO-CLIMATE

» Shield installations: cable nets, appliances, connector devices.

» Use twined FK-cable in piping systems in order to reduce magnetic fields.

* Place meter panels, electrical boxes and such where they are least intrusive.
* Use five-wire electric cables as much as possible.

» Potential equalization.

» Prevent stray current and overtones.

» Avoid 230V equipment the creates overtones.

 |nstall a device that breaks the current in an electric line when the last load is
disconnected.

» A low-voltage bus system combined with a 230V system can be a good alternative.

Source: Eljo EI-San
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Isolation Transformers

An isolation transformer receives and deliv-
ers the same voltage. Its only purpose is to
separate a service from the rest of the electric-
ity supply mains so that they are not directly
connected, only via the magnetic field in the
core of the transformer, so the name ‘isola-
tion transformer’. The idea of this arrange-
ment is that disturbances from the electric
mains cannot enter the supply. Supply lines
from energy companies’ transformers are of-
ten too long and this results in high induc-
tance and high capacitance. The inductance
causes earthing to function poorly, and the
capacitance results in disturbances jumping
from one conductor to another. An isolation
transformer makes it possible to make a fresh
start, with an new earth point, short cables
and a new five-wire system. It is also possible
to direct incoming electricity through a net-
work filter that prevents disturbances being
introduced from outside.

Earthing

Possibilities for establishing a good electric
environment can be greatly improved if
a building is equipped with its own earth
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system. An earth system usually consists of
two parts: an earthing rod, usually buried
below the frost line; and a earthing con-
ductor to connect the earthing rod with
whatever needs to be earthed. In Germany,
all new buildings must be equipped with a
earthing system consisting of an iron band
embedded in the concrete foundation below
the vapour barrier. The iron band should
go around the entire foundation in a closed
circle. In Sweden, this method cannot be
used since winter ground frost requires that
the foundation be insulated from ground
moisture. Instead, an earth line can be bur-
ied around the building. All earthing should
connect to the same earthing point to avoid
displacement current.

Earth Leakage Circuit Breakers

Earth leakage circuit breakers release and
shut off electricity if all the current does not
return from a device. This is a good precau-
tion against injury from short circuits.

Main Circuit Breaker

A main circuit breaker is a high-voltage re-
lay with accompanying electronics located



in the electric distribution box (‘fuse box’).
Main circuit breakers can be used with ad-
vantage in bedrooms where we spend eight
hours every night. The idea is to sleep with-
out being exposed to electric current. Many
people like the idea and feel that they sleep
better when free from exposure to electric
current. When the last light is turned off,
the circuit is broken, and all cords and elec-
tric wires stop emitting electrical alternat-
ing fields. With the help of direct voltage
the circuit breaker receives a signal if a light
or other electric device is turned on, and
then lets current through. Direct current
does not give rise to biologically hazardous
fields.

The material in wooden buildings does
not moderate electric fields. If the cur-
rent is broken to all the electrical lines in a
bedroom, electric fields can still enter from
surrounding rooms, from the floor below,
and from neighbouring flats. Buildings with

stone walls and concrete beams are, from

To reduce the effects of electromagnetic fields
produced by metal in building components
(caused by capacitance), these may be earthed.

this point of view, much more favourable.
In wooden buildings, main circuit breakers
in addition to shielded electric cables are
most effective for reducing electric fields.

Distribution board Rising main with

1|/ electricity supply along

the floor and ceiling

L4 ;4“"—" 14
T =

Electri- | |
cityin |

Earth

Electrical services should be installed so that electric and
magnetic fields are minimized. Protected, earthed electric
wiring is put through a centrally situated main cable and is
distributed in a branch-like pattern behind skirting boards.
Installation of electrical services is flexible, and computer,
speaker and telephone lines may be installed behind
skirtings and other mouldings.

Source: Det Hallbara Huset, finalist i Miljéinnovation 2002, architects

Maria Block and Varis Bokalders
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Halogen-free electric wires
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Fuse box
Elctric field
i clircuit breaker Electric field
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Neutral conductor

Current to other rooms

The electric field circuit breaker receives a signal when the last
light is turned off and then breaks the current to all the devices
in the bedroom, so that it is possible to sleep in a room free

from electric fields.

Main circuit breaker located in a central distribution board (fuse box).
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Regulating Equipment for Heating,
Water and Sanitation

Electrical equipment is gathered together in
a single cabinet and connected with separate
neutral and protective earth wires in order
to minimize the ground potential differenc-
es that may arise when there is asymmetrical
loading. The electrical cabinet is placed in
an area not regularly frequented by people.
If speed controls for fans and motors are
used, the manufacturer and quality of the
speed controller should be carefully chosen.
The speed controller should be equipped

with a harmonic filter.
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Potential Equalization

Potential equalization and grounding are im-
portant for both personal safety and the elec-
tro-climate. Electric potential is the voltage
between two objects where one of the objects
is the ground. When measuring the voltage
between a grounding rod and the protective
earth there can quite likely be an alternating
current of one volt or more. Voltage can also
be found when measuring between other
metal objects: the telephone line’s grounding
wire, iron reinforcing bars, a central heat-
ing system and ventilation shafts. The aim
of potential equalization is to eliminate all
these voltages. Potential equalization pre-
vents a difference in potential between elec-
trical conducting wires at different locations
if a problem or disturbance occurs. It should
then be possible without any risk to hold one
hand on the water tap and the other on the
freezer at the same time as standing bare-
foot on the floor drain. Thanks to potential
equalization all metal objects have the same
electrical potential, so that there is zero volt-
age between them.

It is best if electricity services, water lines
and the connection to the earth electrode
enter the house at the same place, so that
potential equalization can take place at the
entry point using short, thick copper con-
ductors. The potential equalization currents
then travel the shortest possible route and
their stray current in the building’s instal-
lations is limited. A properly functioning
potential equalization system means that the
reinforcing iron and other large metal con-
structions in the building are grounded, and
that incoming electrical and telephone lines
as well as district heating services are also
grounded. If different objects have different
electric potential an electric alternating field
is created between them. Electronic alternat-
ing fields disturb both people and electronic
devices, not least because exposure to stray
pulses is always a possibility. The ground-
ing and potential equalization of electronic
installations must be properly carried out in
order for shielding to function.




Five-wire Systems

The basic principle is that three-phase
systems should be designed as five-wire
systems (TN-S system) to eliminate mag-
netic fields, and that all wiring should be
protected in order to limit electric fields.
Older three-phase current in a four-wire
systems running up to a central distribution
board, with a three-phase line to the electric
cooker, washing machine and other devices
requiring strong current, should be replaced
with five-wire systems.

Shielded Electrical Systems

In modern systems, electric wiring is carried
in plastic ducting that does not shield fields.
So electric fields from electric wiring may
be found in walls. Choosing a protected
electrical system is one way to reduce the
antenna effect of the wiring. The strength

TN-C system (four-wire system)

Ll

L2
L3
PEN

! TN-S system (five-wire system)

of electric fields is often higher in residen-
tial environments than in offices, as electric
supply in offices is usually earthed.

Electric Wiring, Junction Boxes
and Sockets

Electric wiring in close proximity to
people is a problem. There should be
enough electric sockets so that long ‘field-
radiating’ electric cords are not required. A
shielded electric cord is covered with a wo-
ven metal sleeve that makes the cord more
flexible. The end of the sleeve is designed
so that it can be earthed. At present, un-
shielded cords are common. It is also desir-
able to have twisted-pair wires in electric
cords in order to reduce magnetic fields.

Supra LoRas (global patent by Tommy
Jenving) is the only fully certified shielded
mains cable in the EU. The short-pitch
twisting shields from both magnetic ra-
diation and magnetic fields. Electrical and
magnetic alternating fields are efficiently
blocked.

Sockets, junction boxes, switches and
plugs should be earthed. These days, fit-

tings are made of stainless steel among other

Shielded Cable

To achieve a better
electric environment,
shielded wiring can
be used for five-wire
systems. The figure

shows Wasan Flex cable
where the protective foil
is in contact with a bare

L1 copper wire to guarantee
L3 R L

e contact, even if the foil is
N broken. An alternative is

shielded twisted cable.

PE

1HI

In existing buildings in Sweden the four-wire system is

J;— most usual. In these, the protective earth (PE) and neutral
(N) wires are in the same PEN conductor. In a five-wire
system, the neutral and PE conductors are separate.
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Enlargement

Earthed, halogen-free wiring in shielded cable ducting
can be replaced. The snap-on moulding is easy to put
on and remove.
gpielded
aIeGUiC wirng
in snap-on
mouldings
Sockets
o
I’ R Enlargement

Wooden wall
socket (ash).

An intermediate plug with

a two-pin current-breaker.
Disconnecting both wires
ensures that no current emit-
ting an electromagnetic field
remains when the device is
turned off.

This solution shields from electromagnetic fields
forwards, backwards and to the sides. A shielded
metal sheet is connected to the box with self-
adhesive tape and then the side-protecting spiral
lines the inside walls.

Source: Bostad och hélsa — En
praktisk handbok for ett sundare
hem, Ragnar Forshuvud, 1998

Source: Brochure from Eljo El-San.
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things. Older, built-in junction boxes with
metal covers are ideal in these contexts. A
screw is put in the bottom of the box and
the earthing wires are attached, and the
electric field disappears. Plastic junction
boxes are more difficult to use. A shield is
connected on top of the box with a separate
top fastener. It is also possible to enclose the
cables in the junction box with aluminium
foil, and earth the foil. Single-pin plugs
should be replaced with two-pin types,
so that all phases as well as neutral can be
disconnected.

Lighting
Low-energy light bulbs (compact fluores-
cent) create stronger magnetic fields than
filament light bulbs. Fluorescent tubes with
high-frequency fittings usually create weak-
er magnetic fields than ordinary fluorescent
tube fittings, but the high-frequency electric
fields are stronger. If high-frequency light-
ing is going to be installed, the possibility
of shielding the high-frequency electric field
should be examined.

Shielded light fittings can be used in
rooms where people spend a lot of time.
They should consist of a metal body for

Elertnc altemating

Low frequency
magnetic fiesd

discharging electric fields and an anti-glare
shield that is made of metal or filter glass,
earthed in order to discharge electric fields.

Electromagnetic disturbances are gener-
ated both by lighting and devices and can
be both conductive (carried by cables) and
radiating. Electrical installations act as an
antenna and transform conductive distur-
bances into radiating disturbances. Con-
ductive disturbances also come from out-
side the electricity supply through the cable
supplying the current.

Computers

Electromagnetic disturbances affect com-
puters adversely but not instantly, since
computers are programmed to ignore in-
correct input. The process takes time and
becomes noticeable when computers slow
down. Furthermore, these disturbances
cause hypersensitive people to react with
symptoms of disease, and there is reason
to believe that many people are affected
negatively without knowing the cause. In a
healthy building, where an attempt is made
to eliminate all negative influences on the
environment, electromagnetic disturbances
are also reduced as much as possible.

The different fields that sur-
round a computer terminal

stations is also illustrated.

Source: Eldverkédnslighet — Hur
hanterar vi den?, Maggie Miller,
Arbetarskyddsnamnden, 1995

—

work station. The importance of
sufficient distance between work
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Metal Building Elements

Capacitive voltage means that metal con-
struction parts without direct contact with
any electric conductor are live from an elec-
tric field. Well-known examples are metal
fences and sheet-metal roofs near power
lines, which have to be earthed to prevent
shocks when they are touched. If the metal
construction is earthed, the field disappears
almost completely. A metal desk frame can
have considerable capacitive voltage and
should be earthed. Other elements that
should be earthed are metal beams and rein-
forcement in concrete. Instead of steel studs
in walls around junction boxes, switch-
boards and large computer rooms, wood

should be used.

Geomagnetic Fields

In many cultures and at various times, the
presence of geomagnetic fields has been
investigated when selecting a building
location. Geomagnetic fields are believed to
have an effect even high up in multistorey
buildings. There are different views on wheth-
er or not this is significant. Those who believe
that geomagnetic fields affect our well-being
believe that bedrooms and workplaces should
not be sited close to the following:

* underground watercourses;
¢ fault zones in bedrock;

* Curry lines that form a NW-NE grid
pattern with lines about 4m apart; and

* Hartmann lines that form a N-S grid pattern
with lines about 3m apart. It is most impor-
tant to avoid points where lines intersect.

Eleciric Washing
distribu- < machine
tion board

Water
radiator

Telephone
?ﬂmﬂm /-‘/.-

Stray (‘vagabond’) current creates magnetic fields. Stray current is when the current from an electric
device does not return to the electric distribution board but takes a short cut through metal objects in

a building.
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1.2.3

Plumbing

Insurance companies pay out large sums of money every year to cover dam-
age from water leakage. How can water damage be prevented? Installation

of fresh water, heating and sewage pipes both underground and in buildings
should seek to minimize impacts in the ground and facilitate easy maintenance

and replacement.

Water-damage-proof
Construction

Water damage in Sweden is estimated to cost
five billion SEK a year. A large part of the
damage is caused by leakage from piping sys-
tems due to corrosion, freezing or improper
installation. Faulty installation also risks le-
gionnaire, bacteria and burn damage. The
trade association for heating, ventilation and
sanitation workers has a set of standards that
addresses important health and safety issues
(see www.sakervatten.se).

Wetrooms and services should be designed
so that water leaks are quickly discovered. If
water does leak, it should not immediately
cause damage. Services should be designed so
that a repair affects as few rooms as possible.
The most expensive room to repair is the bath-
room. If all the services can be replaced for a
reasonable price, they can be replaced before
they are worn out and damage occurs.

Pipe Laying
When laying pipes, plans should be made
for dealing with both leakage and repairs.

* As many pipes as possible should be re-
placeable. Factor in the replacement of
all piping without greatly interfering with
the building structure.

¢ All plumbing should be installed so that
it can be inspected. It should be possible
to remove any pipe casings.

* It should be possible to quickly detect
water from a leaking pipe.

* Thesiting of the plumbing should suit the
building structure and internal layout.

e Partitions and internal walls should be de-
signed so that water leaks become visible
without immediately causing damage.

* Drainage ducts for water, sewage and
heating systems should be designed so
that any water leaks can be seen.

* Joints in tap water pipes should be placed
in rooms with waterproof flooring.

* Joints in tap water and heating pipes
should be replaceable and not put in hid-
den locations. Placing joints in slots and
ducts should be totally avoided.

* There should be labelled stopcocks for

hot and cold water in every flat.

* Plumbing for dishwashers should be
equipped with sink taps that have a dish- |
washer shut-off valve and a trap solely for ll
the dishwasher drain.

* Outside water taps should be frostproof
and protected from freezing if a garden
hose is left connected.

Laying pipes inside empty pipework makes it possible to replace pipes

and at the same time minimize the risk of leakage. Laying pipes i

n drained

culverts is a flexible and safe water and sewage installation method.
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The various components
required for a leak-proof water
system.

Heating pipes along the wall above the floor,
No piping drawn through the shower

Kitchen prepared |
for dishwasher.

Waterproof floor

in the entire
Kitchen.

"Freeze proof”
rainwater shoe,

Pipes in prolective pipas
Under thresholds and slab
foundations.

Floor Drains

* Type-approved floor drains should be
prioritized.

* Do not use floor drains with raised rings
on a floor with a plastic floor covering.

* Do not use floor drains with extra side in-
takes below the floor’s waterproof layer.

* Follow assembly instructions for floor
drains. Important details in the instruc-
tions, e.g. attachment to the floor and
joins to the floor waterproofing, should
be shown in the assembly instructions.

¢ Measure the floor drain for width and
height. The floor drain should be in-
stalled level and placed so that it is acces-
sible for cleaning.

* Make sure that all tradespeople involved
are aware of the floor drain system in-

No piping drawn through

the wetroom floor, '

/
‘\ Connections for water

= tap piping localed in
"I' the wetroom.

/ T N ==gcae | Visibly mountec
o |, water supply

»,’f 2N pipes.
{ ZWater gauge near
}7 ouiside wall.

=~ Foor drain connection

placed in the upper floor
construction, not in the
COATsE concrete.

; K“"ﬁ ¥ Replaceable waste water pipes

in the entire building.

3y Replaceable water service pipes
In the entire building,

Wetrooms should be constructed so that
tap water and heating pipes do not pen-
etrate the floor.

Pipes penetrating waterproof layers
should be sealed according to a prescribed
method.

Do not place screw mountings in the
floor or near the shower area.

Choose taps, shower fixtures and other
products (that will be placed in the
shower area) that require drilling as
few holes as possible in the waterproof
layer. Shelves, soap dishes, hooks, etc.
that must be screwed into the wall
should not be placed in the shower
area.

Surface-mounted pipes in wetrooms
should not be clamped in the shower area

or behind a bathtub.

156

structions. All screw fixings and other holes in the

waterproof layer in the wetroom should

Pipe Ducts and Screw Fixings be sealed according to a prescribed meth-

Plan bathroom layout and piping so that  od. Any fixings that are required should

screw fixings and pipe penetration pointsare  be carried out during the construction
not in places exposed to splashing water. phase.
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Floors and Walls in Wetrooms

¢ Floors in wetrooms should be made so
that they slope towards the floor drain. If
possible, choose a slope of at least 1:100
for the whole floor.

* Waterproof flooring and wall cover-
ings should suit the substrate and local
conditions.

A differently designed floor drain, Purus line, which includes a smell trap.
With this product the shower floor need only drain in one direction.

Source: Purus AB

Floor drains account for 25 per cent
of total water damage in wetrooms.

Source: VASKA-projektet, Umea Hollow out a space, don’t plumb the floor drain
directly into the concrete. Level the floor drain in
the right position before fixing it.

Kitchen Floors and Walls

* Kitchen flooring should cover the whole
floor and be laid before installing fixtures.
Flooring should be laid up the wall to a
height of at least 50mm behind fixtures
and the dishwasher, and at least 5Smm
elsewhere.

* It should be possible to inspect the floor
under the sink.

Junction Boxes

The possibility of water damage can be
reduced by using pipes and hoses without
joints since leaks often occur at joints (these
pipes and hoses are recommended by insur-

) ance companies). Several pipe systems with
Waterproof mounting bends. fl 4 coll e direct]
of a shower fixture. ends, flanges and collars made directly
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of the pipe material have been developed.
There are also tap-water systems made of
polythene placed inside special protective

pipes.

Instruction Signs

Equip flats or houses with ‘user instruc-
tions’ that specify:

* where the main water stopcock is located;

* where any system draincock is located
and what it means if water runs out of it;

* where it is permissible to make holes in
bathrooms;

* instructions for installing dishwashers
and washing machines;

* cleaning instructions for exhaust air fix-
tures in wetrooms; and

* emergency telephone numbers.

These instructions should be permanently
attached to the wall, for example at the cen-
tral electrical distribution board.

Foundations and Shafts
for Services

By using a foundation designed to contain
building services that has a centrally placed,
drained inspection pit, all pipes and wires
can be gathered together in an easily accessi-
ble, inspectable and waterproof location, so
that it isn’t necessary to have built-in pipes
or cables, and repairs and maintenance are
easily undertaken. A problem is that such
structures for services require more site
preparation, which is expensive, as acces-
sibility requires headroom in some places.
On the other hand, installation is simplified
and so costs somewhat less.

For example, in schools with natural
ventilation with an underground intake air
system, pipes and cables can be put in the
large air intake shafts. It is also possible to
put all pipes and wiring in shafts, which fa-
cilitates replacement. The first major reno-
vation that usually needs to be carried out
in a building is the replacement of mains
water and sewage pipes. Designs with pipes
and cables in shafts last longer and attract
reduced costs during renovation.

Buried Pipes

Most of the environmental impacts of lay-
ing pipes in the ground occur during the
laying phase. About 80 per cent of resource
consumption takes place during laying.

In the Birgitta’s Garden flats in Vadstena, all

services are confined to a few vertical shafts. Ac-
cess to the service shaft is via a small door in the
bathroom, where the meters for cold and hot tap
water, heating and electricity are situated.
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Furthermore, excavation places a great
strain on the surrounding environment
with open trenches, closed roads and prob-
lems for pedestrians and shopkeepers. It is
almost always possible to lay pipes without
digging a trench, going under or around a
sensitive area. Today, trenchless technology
is a realistic and competitive alternative to
open trenching. The methods are common-
ly referred to as ‘no-dig’.

Auger boring and microtunnelling in-
volve pushing a pipe through the ground
with jacks, and removing excess earth

through the pipe using a drill. Pipes can

also be ploughed in, but this is actually a
type of ‘digging’. Controlled drilling is
done using steel pipe and a nozzle and can
be used in practically all ground conditions
other than rock. An entrance pit and re-
ceiving pit are dug. The drill head rotates,
spraying drilling fluid at high pressure and
moving straight ahead. When the rotating
stops, a directional change takes place as the
drill head is eccentric. While the drill head
drills the hole, the hole is widened with a
rotating reamer (a type of conical drill) that
also pulls the pipe along. Diamond or hard

metal drill bits are used for drilling in rock.

It is important for services to be waterproof so that moisture damage and mould are avoided. Kitchen
flooring should run under cupboards and up walls so that water leakage is easily noticed when water
runs onto the floor. Piping should be accessible and holes in the floor and draining boards should be

avoided.

Source: VASKA-projektet, Umea

Connection box for water pipes

free to the box.
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To avoid concealed joints, nowadays,
water pipe connection boxes are often
used. All connections are installed joint-
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It is often possible to repair old pipes
without digging and there are many no-
dig installation methods. Flexible casings
can be inserted inside damaged pipe; they
can be inserted using air pressure and
hardened with steam. Slip-lining involves
inserting a new pipe inside an existing
pipe. An expanded lining involves fold-
ing a plastic pipe and inserting it into an
old pipe. Then, with the help of heat and
pressure, it is expanded against the walls
of the old pipe. Panels or pipe segments
can be placed in large pipes and cast in
place. Pipe bursting involves using a
pipe-bursting head to hammer through a
host pipe, resulting in fragmentation of
that pipe, while simultaneously pulling a
new pipe into place.

Sometimes a pipe only needs to be
cleaned, and there are many methods avail-
able for this purpose. High-pressure rinsing
is the most commonly used method, which
can be carried out using a variety of rinsing
nozzles. Tree roots are cut with a root cut-
ter that, like different scraping tools, spins
around inside the pipe. A cleaning pig is a
device that is pushed through a pipe using

water pressure.

A well-designed culvert permits
quick assembly and simple future
additions, as well as easy service
and replacement. What is more,
overall costs may be lower. The
culvert can also be used as an air in-
take (an earthpipe) that preheats air
in winter and cools air in summer.




Tt

// A
Rotation and pressure. There is no change in the pitch and Pressure without rotation. A change in direction takes place
direction of the drill. when there is pressure without rotation.

Receiving pit

Drilling a pilot hole.

Pulling a pipe through.

Threading a pipe in using air pressure
and hardening with steam.
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1.2.4| Heating Systems

Generally, there are three ways to heat buildings: waterborne systems, warm
air central heating systems, and radiant heat from electric radiators or sepa-
rate wood-burning appliances. In Scandinavia in the past, separate wood-
burning appliances were most commonly used for heating, so there might be a
tiled stove in every room. Direct electric heating is not addressed in this book
as it is not compatible with sustainable development. Warm air systems have
often resulted in a poor interior climate: large volumes of air circulate in ducts
and rooms, carrying particles with them, sometimes resulting in large tempera-
ture differences between rooms. With these systems, ventilation requirements
rarely correspond with heating requirements, so they are not described in this
book. Ecologically constructed buildings usually use waterborne heating sys-
tems and/or radiant heat from separate wood-burning appliances.

Heating Methods

Radiant heat (like heat from a tiled stove)
provides the most pleasant heat. Most com-
fort is attained by getting as much heat as
possible from radiant sources. Preferably,
radiation should come from a large area at
a low temperature. Warm-air heating sys-
tems are not nearly as pleasant as radiant
heat. Some radiators, such as convectors,
emit a lot of convective heat, i.e. warm air
currents, which are also not as comfortable
as radiant heat. For a heating system with
a large proportion of radiant heat, low-
temperature waterborne systems should be
chosen, such as underfloor heating, wall
heating, skirting heating or radiators. Wa-
terborne ceiling heat is not as pleasant as it
results in greater temperature differences in
a room and it can easily become too warm
at head height. There are also closed-air
heating systems that provide radiant heat,
such as warm-air floor heating or hypocaust
systems. Hypocaust stoves are wood-burn-
ing stoves equipped with a closed vent sys-
tem for warm air that heats large areas in a
room. They are common in Germany.

Waterborne Heat

It is important to clarify what is meant here
by a heating system. Every heating system
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has an energy source which is connected
to a distribution system, and the heat is
distributed to the various rooms via the
heating system. The distribution system
includes storage tanks, hot water heaters,
and an operating, control and adjustment
system. The waterborne heating systems ex-
amined here are radiators, underfloor heat-
ing, wall heating and skirting board heat-
ing. All parts of a heating system should be
connected by insulated pipes.

Storage Tanks

Heating systems using renewable heat such as
solar and biomass often need a storage tank to
store the heat. Solar heat must be stored from
day to night, and efficient heating with bio-
mass is done by heating intensely for short pe-
riods and replenishing the heat in the storage
tanks. Storage tanks provide a flexible heating
system. Heat can be added to tanks from solar,
biomass or electric sources, and heat can be
drawn on for heating space and/or tap water.
Storage tanks that fulfil all these functions are
often equipped with three heat exchanger coils:
one in the bottom of the tank where it is cold-
est and solar heat is added, one in the middle
to preheat hot tap water, and one at the top
where it is warmest for final heating of tap wa-
ter. Heat from a water-jacketed wood-burning

appliance is added in the middle of a storage
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Convection heat is carried out into a room by air
heated by a radiator (convector). A convector is
a radiator designed to produce more convection
heat than radiant heat.

tank and heat to radiators is removed from the
top of the tank. Storage capacity can be in-
creased by adding another tank to the system.
The second tank is not equipped with heat
exchanger colils, is referred to as a slave tank,
and can be disconnected in summer. Storage
tanks are made of steel and should be pressure-
certified. Tanks insulated with cellulose fibre
are available. For safety, in case the water starts
to boil, the tanks must be equipped with an
expansion and safety release valve.

Charging System
A charging system is needed between the

storage tank and the boiler. The charging
system functions as follows:

1 Start phase: circulation to the storage

tank is halted so that water only circulates
in the boiler in order to reach working
temperature as quickly as possible.

2 Charging phase: when water in the boil-
er heat exchanger reaches the thermal
valve’s opening temperature, the thermo-
stat gradually adjusts so that cold water is
allowed to mix with the now warm water
in the boiler heat exchanger. If the water
temperature in the boiler heat exchanger
drops, the amount of cold water that is
mixed in is reduced, and vice versa. The
thermostat thus acts as a mixing valve
during the charging period and ensures
that water in the boiler heat exchanger
maintains a high and constant tem-
perature and that the flow through the

I HEALTHY BUILDINGS | 1.2 SERVICES |
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Different methods of heating provide different tempera-
ture distributions in a room. Wall heating is probably the
method closest to the ideal, i.e. a large surface area with a
low temperature that radiates from the side.

Radiant heat

is the heat that
radiates out into
aroom from

a warm mass,
such as a tiled
stove.
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The principle of placing the storage
tank at the heart of a system. The
boiler heats water that flows into the
top part of the tank. From there, the
water provides heat to the central
heating system, thereby becoming
colder, then returns to the boiler

to be reheated. So that the water
isn’t too cold (at least 70°C) when

it returns to the boiler, some of

Hot water

Hot water —»-

Z

Expansion tank
Thermal valve

the heated water leaving the boiler Wood-

is mixed with cool water entering burn-
the boiler. In the upper part of the ;
tank, also, the hot water heater is ng
situated. holler

Source: adapted from Bioenergi Villa,

1/2003
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storage tank is as small as possible. This is
important for preventing water tempera-
ture stratification. With this system, the
top of the storage tank is charged with
warm water and the border between hot
and cold water is very marked. Charging
can be stopped even if the storage tank is
not fully charged.

3 Closing phase: once burning in the boil-
er stops, the boiler cools down and the
thermal valve closes off the flow between
the boiler and the storage tank. So, there
is no heat loss during the boiler’s idle

period.

Operating Equipment Packages

For best cost and operating efficiency the
various components of a heating system
should be compatible. So many heating
system manufacturers, for example of solar
heating systems, market operating packages
that include pumps, pressure tanks, safety-
release valves and all the additional equip-
ment needed for a system to operate ad-
equately. Complete packages are available
as it can be difficult for an inexperienced
plumber to collect all the parts and find all
the right components.

Thermostatic mixing valves
(or shunt valves)

There are three faults that are commonly
found in heating systems:
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1 rapid flow systems that are difficult to ad-
just and noisy;

2 systems that are often oversized; and

3 shunt connections that are not properly
constructed.

Shunt connections are used to mix hot wa-
ter with cooler water to achieve a suitable
temperature for water entering the heating
system. Improperly constructed shunt
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This is how a storage tank connected to a wood-
burning boiler (at the bottom) and a heating
system (at the top) can look. The tank has three
coils for hot water production. The bottom coil
is connected to solar collectors, the middle one
preheats, and the one at the top provides top
heat for the hot water. The electric heater is
situated so that it can help with the top heating
of hot water.




Accumulation tank.

connections result in a primary-side pressure
that is too high so that the pumps work against
each other. In homes, a shunt is not required
if there are thermostats on the radiators.

Heating systems should be designed
so that they require a minimal amount
of pump energy. The Kiruna method is a
system designed without a primary pump.
It has a pump in the hot water tank cycle
and a three-way valve connected as a mix-
ing valve installed ahead of the pump that
pumps water to the radiators. So the two
pumps in the system work together and less
pump energy is required.

Rapid Flow — Slow Flow

Many modern heating systems are rapid
flow systems, capable of taking advantage
of low water temperatures. However, such
systems are difficult to control as they are
not easy to adjust. Rooms easily become
too hot and there is a gurgling and flowing
sound in the pipes. Preferable are slow-flow
systems where the flow and pump pressures
are much lower. The temperature difference

1, Shut-off valve

2, Thermal valve

3, Check valve

4. Charging pump

5. Connection for filling the system

A charging
system placed
between the stor-
age tank and the
boiler.

Source: Bioenergi
Villa, 1/2003

between the feed and the return water is
much higher, so increasing the possibility of
adjusting the heat so that a uniform room
temperature is maintained in the entire sys-
tem. The low pump pressure and slow water
flow result in a quiet heating system with
good thermostat function.

Shunt connection with a three-way (above)
or two-way (below) heating system

To other
shunt groups
Primary ! S;cém! Secondary
pump 2 \f ' @ pump I |
p— = 1’ @‘ .
i @ | Radiator
! l |cycle
- i U { ‘
Primary L Secondary B
cycle =~ | > cycle
To other shunt
groups
Primary : E;:gm Secondary
pump ,t = pump -
D = R |
= Bky ; P ' |
[ @ Radiator
' | cycle
g :! : :z |
| e J
Pamary - | -~ Secondary
cycle ~  cycle

In many heating systems the pumps counteract each other,
resulting in high energy consumption. One way to avoid this is to
install a three-way shunt connection, as shown in the top diagram.
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Waterborne radiators

are a suitable heating
method, but in order to
achieve the best possible
heat adjustment, they
should be designed as
slow-flow systems. In ad-
dition, slow-flow systems
are quiet.
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Rapid flow
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Slow flow
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30°C

500W
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Slow flow power increase possibilities
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Gravity Systems

In the past, waterborne heat was distributed
by gravity. In certain eco-buildings, natu-
ral circulation is preferred in order to avoid
disruption due to power cuts. However,
for the heating system to work without any
electricity, there must be natural circulation
to the radiators as well as the storage tank.
Natural circulation systems require large
pipes and carefully designed plumbing.
Heating systems that work using natural
circulation if the pump stops are also avail-
able, although they work more efficiently
with the pump.

Most wood-burning boilers are depen-
dent on electricity since they include pumps
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and fans. In areas with frequent power cuts,
naturally ventilated boilers that work with-
out fans are available. The storage tank can
be connected to the boiler so that heat is
transferred by natural circulation (without
a pump). The water in a heat exchanger in a
boiler dependent on a pump to transfer heat
to the storage tank may start to boil if there
is a power cut after the boiler has been lit.
Another alternative is to have backup bat-
teries in case of power cuts so that pumps
and fans can be run with current from the
batteries.

Radiator Heat

There are various types of radiators: flat
radiators, convectors that consist of heat-
ing pipes covered with several layers of
convector plates, and old-style as well as
newly designed radiators. Only 20-30
per cent of the heat emitted by convec-
tors is radiant heat and the rest is warm

air. Furthermore, dust collects between

The heat radiating surface of large, waterfilled
wall radiators is large, which improves comfort.




the plates. At higher temperatures, con-
vection is stronger and dust is carried into
the air. Radiators emit about 40 per cent
of their heat as radiant heat. Flat radiators
without convector layers are the best type
of radiator since the proportion of radiant
heat is greater than 60 per cent. They are
also the most energy efficient since they
are light and contain a small amount of
water, and therefore can quickly react to
changes in the system. Large flat radiators
work with fairly low temperatures and are
thus suitable for use with low tempera-
ture systems using storage tanks.

Underfloor Heating

Woaterborne floor heat can consume up
to 30 per cent more energy than radia-
tors since it adjusts slowly and there are
large heat losses through the floor. Floors
require better insulation with underfloor
heating systems than with other heating
systems. The floor temperature should not
be higher than 24°C. At 27°C the heat
feels uncomfortable, convection occurs,
and the air fills with dust. German build-
ing biologists also believe that too much
foot warmth may cause varicose veins, and
they therefore recommend that floor heat
not be used in rooms where people spent

a lot of time. Underfloor heating in bath-
rooms and halls is usually appreciated, but
it should be possible to shut it off to avoid
unnecessarily high energy consumption.
Some builders are hesitant about installing
underfloor heating because of the life of the
plastic piping and the concomitant risk of
leaks. Airborne floor heat adjusts even more
slowly than waterborne floor heat but is not
as problematic should a leak occur.

Waterborne underfloor heating is a popular method of heating. Its
disadvantage is that it adjusts relatively slowly, and so it is difficult
to take advantage of free heat. Furthermore, heating pipes are built

in, which in the long term can mean leakage problems.

Source (illustration): Leif Kindgren

Natural circulation requires careful
boiler and radiator siting as well

as larger diameter heating pipes. It
should, however, be pointed out that

///‘r

such systems are more difficult to

adjust than pumped systems and
are therefore more energy-intensive.
Their advantage is that they work
even during power cuts.

Source: VVS-teknik, Tord Markstedt, Sten

Astrom, 1972
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Lacquered metal heating
baseboard, 5.5m long,
15mm diameter pipe x Imm

Waterborne skirting
board heating acts like
a radiator. The radiator
is designed as a metal
skirting. This provides
a relatively large radia-
tor surface area that
does not interfere with
furniture placement.
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Skirting Board Heating

There are two variations of skirting board
heating: flat, metal mouldings that look like
skirtings, and long, low radiators with fins
that run along the skirting. In buildings
with minimal energy requirements, skirt-
ing board heating along the inside of outer
walls can be sufficient. Flat skirting boards
function as flat radiators and emit 60 per
cent of their heat as radiant heat. On the
other hand, the long radiators with fins pro-
duce hot air that rises and warms the walls
above them.

Wall Heating

Waterborne wall heating consists of pipes
containing low temperature hot water that
are recessed into the walls. Wall heating
systems are popular among eco-builders in
Germany. They require a large surface area
and make some walls unsuitable for furni-
ture, cupboards or paintings. The better

insulated a building is, the smaller the wall
heat surface area required. Energy losses for
wall heating of inner walls are smaller than
for underfloor heating. Wall heating systems
placed in light inner walls made of gypsum
board are the most energy-efficient and the
easiest to regulate. However wall heating of
heavy outer walls is considered to provide
the most pleasant warmth, e.g. externally
insulated solid wooden walls where heating
pipes are plastered into clay plaster on the
inside of the wall. The clay distributes the
heat quite a distance, so pipes do not need
to be placed close together.

Airborne wall heating systems consist
of long, laminated pipe radiators built into
the lower edge of a wall that heat up the
air in a void in the wall, e.g. behind plas-
terboard. Also available are special hollow
concrete blocks with air channels that are
used to heat the air. Inner walls are thicker
than usual in such systems.

Rappgo has developed a multi-function panel, the FFP panel, which is a wall panel with functions for

heating systems and cabling.

Source: Rappgo.
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Waterborne wall heating is popular in Germany where people feel it produces an excellent interior climate. There are several
reliable designs. However, the system is relatively slow and in the long term there can be problems with leaks.

In Germany, the hypocaust system is common in eco-buildings. It is a closed hot air system built around a wood-burning
appliance. Such a system is relatively expensive and limits floor plan options since the system must reach every room.
However, it is considered to provide a very good interior climate.
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Radiant Heat from Wood-burning
Appliances

In highly insulated buildings with mini-
mal heating requirements it is possible to
get by with a single wood-burning appli-
ance, and in many other buildings having a
wood-burning appliance is a way to make
use of renewable energy. They do, how-
ever, require an open floor plan so that the
heat can spread throughout the building.
In order to more easily distribute heat from
a wood-burning appliance, ducts with fans
can be installed, but then there are the
problems of airborne heat. Heat distri-
bution via long flues is also possible. For

example, in Finland, partition walls where
the chimney channels can be drawn to and
fro are common and are designed in such a
way that the flues are swept. In Germany
closed airborne systems, hypocaust sys-
tems, are used, where heat from flue gases
is transferred in a heat exchanger to heat
air. The hot air then circulates via natural
circulation in brick channels in the build-
ing. The wood-burning appliance, chimney
and brick channels make up a sculptural
unit that is placed centrally in the building.
Wood-burning appliances can of course be
complemented by small radiators in more
distant rooms.

Buildings with an open floor plan can be heated using radiant heat from wood-burning appliances
placed around a chimney. The figure shows a brick chimney unit with a wood-burning stove, a baking

oven and a tiled stove placed round it.
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I3 Construction

To build a healthy building, it is not sufficient to choose healthy materials. The materials
must be combined appropriately in structures suited to their intended function. If mistakes
are made, problems with moisture, radon, noise and ease of cleaning, for example, can
easily arise. Moisture is a common cause of sick buildings. Noise creates stress and dis-
comfort. Ease of cleaning and reasonable maintenance are important factors in healthy
buildings.
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1.3.0| Build Correctly from the Start

It is important to keep up to date with research and development. Environ-
mental development moves quickly. New materials, construction methods and
environmental techniques are coming onto the market all the time. It is equally
important to receive feedback from practical experience, since many aspects
of building ecologically are relatively new and untried.

Care and Maintenance

Care and maintenance are affected both
practically and economically by how various
methods are carried out and how details are
designed. Ecologically constructed build-
ings should consider care and maintenance
during the planning phase. Much of the
information in this section (1.3.0) is taken
from Fastigheten som arbetsmiljé — bygg riitt
frén birjan, Gudrun Linn, 1997.

Outdoor Care and Maintenance

Today, vehicles handle most care and main-
tenance tasks. Accessibility is required, yet
it must not be an invitation to break traf-
fic regulations. Access points are needed
for disabled people, taxis, ambulances, fire
engines, etc. Care and maintenance vehicles
may require parking places in order to carry
out their tasks. Differences in levels and
curbs should be well thought through, espe-
cially with regard to snow removal. Ground
cover should be planned with maintenance
in mind, e.g. weeding.

Green areas should be designed to fa-
cilitate maintenance. Grass surfaces can
be intensive (require cutting with a lawn
mower) or extensive (such as meadows).
Grass surfaces that require machine mow-
ing should be connected and not too steep
for a mower. Vegetation should not block
views and outer walls can be protected from
earth spattered by rain by placing a strip
of gravel alongside them. Bushes that do
not need to be pruned often may be pre-
ferred from a maintenance point of view.

Cutting hedges with hedge shears is a strain
on arms and shoulders and prickly bushes
can be a problem. Close-planting covers
the soil surface and counteracts weeds. As
the root systems of some trees, such as fast-
growing poplar and willows, may invade
water, sewage and electrical lines and lift
hard ground surfaces, tree choice should
take this into consideration. Some trees also
drop more ‘litter’ than others.

Care and Maintenance of Buildings

Roofs should be accessible for snow removal,
and roof hatches and roof ladders should be
designed with this in mind. Windows and
hatches that are motor operated, e.g. venti-
lation and smoke hatches, should be accessi-
ble for maintenance without involving risky
climbing. Fans should be accessible from
inside the building. Safety must be a con-
sideration if they have to be accessed from
outside — long roof walkways and ladders
should be avoided. Glass fagades should be
equipped with permanent fixtures for both
interior and exterior cleaning. Alternatively,
accessibility should be arranged with move-
able scaffolding or a cradle both inside and
outside.

Care and Maintenance Indoors

Building maintenance is facilitated by
controls that regulate services and point
up problems. The equipment should be
readily visible and accessible, and should
not be more extensive than necessary. Fans
and filters, including fans outside on roofs,
should be easily accessible for servicing.
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There should be readily accessible water
stopcocks for every mains pipe and every
tap. Water traps, including those in floor
drains, should be accessible for cleaning.
Culverts should be designed so that it is
possible to stand up in them. Piping and
other services should be placed on a wall
where they are easily accessible. Crawl
spaces should be avoided. Floor-level
changes linked only by stairs hinder ac-
cessibility for cleaning machines, vacuum
cleaners and wheelchairs. Ceilings below
ducts and cables should be easy to take
down and replace. Conventional thresh-
olds present an obstruction for cleaning
machines, wheelchairs, deliveries, etc.
Lofts containing services, ducts, inspec-
tion panels and roof hatches should be
easy to access for building maintenance

I HEALTHY BUILDINGS

staff, along with any equipment and spare
parts that may be required. Stairs to fan
rooms should be designed so that assembly
parts and equipment can be easily taken in
and out. Service access to windows and fit-
tings high up in a room must be carefully
thought through. In offices where there
are many living plants, the requirements
and maintenance of the plants need to be
considered.

Refuse Rooms

The space and facilities for refuse manage-
ment should be suited to the amount and
type of the refuse as well as to the manage-
ment system and how often the rubbish
is collected. Accessibility for refuse col-
lection vehicles and bins requires careful
consideration.
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Damage caused by
damp according to
the Swedish National
Testing and Research
Institute.
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1.3.1

Damp

The most common causes of damage due to moisture are:

* soil dampness (due to poor drainage)

leaks (from services or flat roofs)
¢ poor construction

* building moisture (due to carelessness or insufficient drying times)

Moisture problems can also occur because of poor ventilation, capillary suction
in materials, and heavy rain. They can also occur due to energy conservation
measures such as weatherproofing which reduces ventilation, and increased
showering which increases moisture load.

Moisture Damage

Moisture can cause many problems, such
as mould, rot, increased emissions from
construction materials and furnishings, and
mites. Many homes, especially single-family
dwellings, are subject to moisture damage.
Signs of moisture problems include mould
odour, condensation inside windows, mois-
ture stains, rot in wood or decomposing
stone and plaster. The sooner moisture
damage is discovered, the easier it is to deal
with. A leak is not always located close to
the visible damage since water can run a
long way before it becomes noticeable.

Faulty construction is the cause of 90
per cent of moisture problems.

Cause of damage Number of damagy
0 50 100
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Soll mosture

Leakage

- Construction moisture
Foor ventilation
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— Warm pipe
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Pay attention to the following to avoid
moisture problems: Use construction mate-
rials made for the local conditions. Don’t
build in a way that, according to the laws
of physics, will result in hazardously high
levels of moisture. Don’t close in construc-
tion materials that still have a high moisture
content from when manufactured or con-
structed. Build using forgiving construction
systems, so that any eventual moisture can
dissipate or be taken care of without the oc-
currence of mould damage.

Damp, Mould and Rot

Mould is a common form of damp damage,
especially in homes built in the 1970s and
1980s. Ever more hasty and careless build-
ing in the 1990s and beginning of the 2000s
has its consequences. Mould develops at
lower temperatures than rot, and therefore
has become a common problem. As mould
frequently occurs in hidden areas, it is often
first noticed because of a bad smell. Mould
and rot fungus spread via spores that are
normally found in all air, both outdoors and
indoors. For fungi to grow, access to mois-
ture, heat, oxygen and a food source are re-
quired. Mould spores require at least 75 per
cent relative humidity or more to survive,
and the temperature must be higher than
5°C. Sugar or nitrogen sources are required
as food, which the spores get from organic
materials, such as wood, paper or textiles.




Soil Moisture

Soil moisture combined with inappropri-
ately designed foundations and floors above
suspended foundations are the most com-
mon causes of damp problems.

Rain and melted snow should be directed
away from foundations. Good drainage
requires a gradient of 15cm within 3m of
foundations. In steeply sloping terrain,
cut-off ditches above the building are often
necessary.

Drainage under buildings should use
washed gravel, crushed aggregate, or foamed
glass (of the Hasopor or Glasopor type).
The gravel or aggregate layer should be at
least 150mm thick. Foamed glass has both
drainage and insulating properties, and in
such cases a 600mm thick layer is used.

Foundations should be well drained us-
ing a damp-proof course that prevents water
from being drawn into the structure, and
they should be connected to a drain that
carries away water. It should be possible to
inspect the drain and to rinse it clean when
needed. Gulley beds should slope towards

the drainage line.

Foundation systems vary in their suscep-
tibility to damp problems. Plinth founda-
tions are the safest alternative. Moisture
problems can arise with suspended founda-
tions if they are poorly ventilated. In order
to avoid moisture problems, three measures
are required: (i) avoid exposing organic
material in the suspended foundation; (ii)
prevent moisture from seeping up from the
ground by laying a waterproof plastic sheet
or a layer of expanded clay on the ground;
and (iii) increase the temperature in the sus-
pended foundation by insulating its walls.

For slab foundations: (i) place insula-
tion under the slab; (i) make sure there is
a capillary break under the insulation; and
(iii) provide good drainage.

Considerations for basement walls are as
follows: (i) insulate the exterior of basement
walls; (ii) make sure there is a ventilated

Temperature
+5—+40°C

Muoisture quota
=20%

Oxygen Nourishment

The occurrence of rot in organic material requires the
simultaneous presence of: a food source, oxygen, a
certain temperature and moisture.

weatherproof layer on the exterior of the
basement wall; (iii) provide good drainage
and make sure there is a capillary-breaking
layer outside the weatherproof layer on the
basement wall.

S |11t | L) 4

A B C

Construction techniques and design details are important for
avoiding moisture problems. Three different ways to join boards
are shown above:

A results in a board without cracks that is easy to paint;

B results in few cracks and good protection for the end grain;
and

C results in slight cracks where nailed, the endgrain can’t be
treated when the panel is mounted; this method is, however,

currently the one commonly used.

Source: Besténdiga trdfasader, Tratek
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In rainy climates,
buildings should
have sloping

roofs and proper
drainage. Surfaces
nearest a building
should slope away
from the building.

Well-insulated sus-
pended foundations
are subject to con-
densation and mould
beneath the subfloor,
especially during the
summer. In the past,
poor insulation and
warm chimney stacks
warmed up the sus-
pended foundation
and so moisture dam-
age was uncommon.
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Leakage

There have been many moisture problems
with flat roofs. It is only a quesion of time
before a flat roof starts to leak, and it can be
a major problem to remove snow. For the
Nordic climate, roofs should slope prop-
etly. Good roof overhangs and proper win-
dow and door components reduce the risk
of moisture damage. Most leakage problems
are due to improper installations. Informa-
tion on waterproof installations is in Sec-
tion 1.2.3 Installations.

New Moisture Problems

It is important to build ‘tight’, that is airtight
and waterproof, to keep warm and moist air
from penetrating the structure. Making sure
that joints are tight is of the utmost impor-
tance. This can be achieved by overlapping
weatherproofing material and by covering

old
T and

pended foundation
und are lower than
the temperature

ns a ol of mosture

B gutside
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joints with studs. Vapour-tight plastic is
usually used for weatherproofing, but when
building ecologically, it is common to use
a diffusion-open weatherproofing layer, e.g.
Gore-tex material, pasteboard or hard fibre-
board. The inside seal should be tighter than
the outside seal so that moisture can migrate
outwards in the construction.

In some buildings insulated with cellu-
lose fibre without an airtight plastic vapour
barrier, mould has been found inside the loft
roof. The roof insulation in these buildings
has not been ‘tight’ enough. This, in combi-
nation with only slight excess loading on the
upper floor, results in warm moist air leaking
through the insulation and condensing on
the cold inner side of the roof, where mould
begins to form. This is not caused by use of
cellulose fibre insulation, but by insufficient
airtightness. Breathable construction requires
airtight construction with pasteboard, plas-
terboard, hard fibreboard or special plastic.
Particular attention must be paid to sealing
joints, corners and connections.

Condensation can occur during cold
winters even in airtight loft ceilings.
A contributing factor is that during cold
nights, especially when there is a clear sky,
the inside of the outer roof can have a lower
temperature than the outside air resulting
in formation of moisture. Research by the
Development Fund of the Swedish Con-
struction Industry (SBUF) found that a
solution is using diffusion-open underlay
in cold attics in combination with reduced
ventilation in the winter.
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In recent years many wooden houses
have been built with plaster directly on cel-
lular plastic insulation without an air gap.
In the wooden construction there are gyp-
sum boards with paper. Moisture has pen-
etrated the plaster at fixtures, gone through
the insulation and caused mould on the pa-
per of the gypsum boards. Today, it is rec-
ommended that plaster be put on mineral-
based boards and that there be an air gap
between the fagade and the insulation. Due
to mould problems gypsum boards with pa-
per now are forbidden in bathroom walls.

In order to avoid
moisture problems,
buildings must be air-
tight. In conventional
constructions, plastic
sheeting is used that
is vapour-proof as
well as airtight. In
ecological construc-
tions, airtightness is
achieved using paste-
board sheets (require
extra careful work-
manship at joints and
corners) or vapour-
permeable plastic.
The inner structural
layer should be more
moisture-proof than
the outer layer, which
should guide the
choice of materials.

Source: From ‘Bygg
fuktsékert’, BFR, 1995

Where the wall meets the roof,

windproof pasteboard is used

as the inner airtight layer. It is

important to overlap the layers

and fasten them securely.

Source: Lufttdthet i hus med trére-
gelstomme och utan plastfolie, Eva
Sikander, Agneta Olsson-Jonsson,
SP Rapport 1997:34

In well-insulated lofts with poor ventilation, condensation and
mould have formed on the underside of the roof. This has oc-
curred most in structures that were not airtight and where there
was excess loading. Care must be taken to ensure that the inner
roof’s inner layer is airtight and that loft ventilation is good.

Source: Ny Teknik 4/1997

Risk for moisture damage and
mould in the roof underlay

pressure

From the inside:
qypsum, paper-
board, cellulose

Weak low
Aressure
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Natural
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1.3.2

Radon

Radon may cause many lung cancer deaths per year. Radium, a decay product
of uranium, decays into radon gas. When radium in the ground decays, radon
is released into any air or water found in the ground. As there is usually lower
pressure in buildings than in the ground, air from the ground with radon in it can
be sucked in if the foundations are not airtight. Some building materials contain
more radium than others, e.g. blue lightweight concrete made from uranium-
rich alum shale. Such concrete emits radon. Radon can also be released into
groundwater and come via the tap water into buildings using deep wells.

Guidelines and Monitoring

Radon is an inert, odourless gas that cannot
be seen or felt. Radon gas decays into highly
dangerous radon decay (radon daughter)
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product, particles that may get stuck in
the respiratory system if either radon or ra-
don daughters are inhaled. The four radon
daughters in the uranium decay series all
decay within about 50 minutes, and each
releases dangerous radiation. It is especially
dangerous to smoke and live in a building
with a raised level of radon.

The occurrence of radon gas varies. Mu-
nicipal environmental offices may have maps
showing high-risk areas. Ground radon is the
most common source of radon gas in homes.
In blocks of flats, blue lightweight concrete
used in construction is the main source of
radon.

Radon levels are measurable, and are
therefore not considered to be a hidden de-
fect when selling a building. Radon levels
should be measured prior to purchasing a
building if there is the least suspicion of a
radon problem. Accurate radon measure-
ments are easily carried out, but take at least
two months during the time of the year
when heating is used. At least two measur-
ing kits should be ordered from a labora-
tory or municipal environmental office and
placed according to instructions. Kits may
then be sent back and results are received
after a few weeks.

The Swedish Radiation Safety Authority
has estimated that there are about 500,000
homes in Sweden with levels of radon over
200Bg/m’.

normal-and low-risk areas for ground radon.

Source: Radon map of Ekeré Municipality, Sweden
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Precaution with New Buildings

Radon problems can be avoided in new
buildings. The sources of radon problems
in new buildings are ground radon and
tap water in a building with its own deep
well. Land is divided into three categories
with regard to radon risk: low-radon land
requiring no special precautions, normal-
radon land requiring protective design,
and high-radon land requiring radon-
proof design.

Protective design against radon should
be applied in areas with normal levels of ra-
don in the ground. Lowest levels of interior
radon are achieved in a building that does
not admit air from the ground and that has
properly adjusted mechanical intake and
exhaust air ventilation.

¢ There should not be obvious leaks between
the ground and the floor and walls.

* Avoid slab edge insulation that allows
ground air in along the edges of the con-
crete slab.

* Build so that settlement is avoided.

* Seal areas where pipes penetrate a con-
crete slab foundation.

* Ensure that joints and places where pipes
penetrate floor structures over suspended
foundations are airtight.

* The building should also be airtight

above the ground.

Radon-proof design is required in high-
risk areas. It is important to ensure that
ground air will not leak into the building.
To meet these standards, some of the fol-
lowing combinations can be used:

* edge-reinforced, airtight concrete slab or
sealed cellular glass foundation. Use of a
radon-proof sheet is an alternative;

* airtight pipe penetration points;
* concrete exterior basement walls;

* drainage hoses in the damp-proof course un-
der the building are connected to one pipe

Crack between concrete floor and wall.
Leaks at pipe penetration points as well as in protective pipes.
Leaks at floor drains.

Leaks around drain inspection hatch.

Leaks around ducting for electric and telephone lines.
Cracks in the floor or wall due to settlement.

Leakage through air-permeable construction material.

NOoO oA WwN =

Common leaks in a building’s basic construction.

Source: Radonboken, BFR, 1992

that goes up through the building or to the
outside edge of the concrete slab. If the air
pressure under the building needs to be low-

ered, a fan should be installed in the pipe.

One alternative is to build in ventilated air
gaps in the floor and on basement walls (if
there is a basement). Air coming in from
the ground is sucked away in the ventilated
air gap and does not get into the interior air.
In addition, pipe penetration points should
be airtight. Other alternatives are to build
an unencased plinth foundation, since air
from the ground will be blown away, or
a well-ventilated suspended foundation.
However, note that extra insulation is then
required for pipes, plinths and suspended
floor structures in order to prevent damage
from freezing and cold floors.

It is important to examine the design
and prepare for simple additional measures
that can be carried out if the level of radon
daughters in the interior air turns out to be

too high.
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Reconstructing Buildings with
Elevated Radon Levels

For existing buildings, there are a number
of ways to deal with the problem of ra-
don from the ground. Leakage points can
be sealed and/or the direction of air flow
between the ground and the building can
be changed. If nothing else helps, interior
ventilation can be increased, but intake air
should be radon-free and ventilation should
occur with higher pressure in the building.

o Seal cracks and gaps against ground
radon.

* Change the air pressure between the
ground and inside the building.

* Ventilate the ground under the building
or the suspended foundation.

¢ Increase interior ventilation.

It can be difficult to seal cracks and gaps
with caulking material so that the seal holds

Rédativg level of uranlum

Radon is emitted by mineral particles in the ground to the air or
groundwater between the particles. Radon can be sucked into a building
together with air in the ground as air pressure indoors is lower than in the
ground. The greater the pressure difference, the more leaks there are and
the more air-permeable the ground is, the greater the amount of radon

sucked into a building.

Source: Radon i byggnader, Text héfte till video, Bertil Clavensjo et al, BFR, 1999
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for extended time periods. Ventilation slots
between flooring and walls should not be
sealed in order to avoid a risk of moisture
damage to floors.

Radon suction, radon drainage and the
air-cushion method are examples of preven-
tative measures that affect air pressure.

Radon in Construction Materials

Blue lightweight concrete, used in both
walls and floor structures since the end of
the 1920s but primarily between 1945 and
1975, can cause radon levels more than
five times greater than is acceptable. It is
not always easy to know what materials are
hidden in walls, floors and roofs. Gamma
radiation measurements can determine if
lightweight concrete is present. A properly
applied sealant layer may at best lower the
level of radon in a room by 50 per cent.
Ventilation can also be increased to get
rid of radon. Ventilation can be increased
indoors by installing, for example, a balanced
air intake and exhaust ventilation system
with a heat exchanger. The heat exchanger
keeps energy consumption low. Installation
of a fan-driven ventilation system often low-
ers the pressure indoors, and thus also the
leakage of ground radon into a building,
and so should not be used as a preventative
measure against ground radon.

Radon in Tap Water

It is primarily water from deep wells in areas
with uranium-rich granite and pegmatite
that may have high levels of radon. When a
water tap is turned on, as during a shower,
radon enters the interior air. According to
the Swedish Radiation Safety Authority the
greatest health risk of radon in water is that
the radon is transferred to indoor air.
International radiation protection re-
search has shown that the health risks of
drinking water with high levels of radon in
it are much greater than earlier believed, par-
ticularly for children. There is technology
available to remove radon from water (see
Section 2.3: Clean Water, in Conservation




of Resources). If radon levels are high in wa- ﬁ
ter, it is likely that interior air also contains

radon. It may be possible for municipal envi-
ronmental offices to answer questions about
carrying out an analysis.

—
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A method of building in a radon-safe manner on ground emitting
radon is to have a separate exhaust air ventilated crawl space. The
channel is insulated within a heated space so that moisture does not
form. It may be necessary to equip the construction with a fan.

Pipe penetration points are sensitive areas with Source: Radonboken, BFR, 1992
regards to radon penetration. There are several good
systems to seal penetration points, which often are the
cheapest preventative measures.

25 3

oI o A i ‘*ﬂ * One way to reduce the level of radon in the air is to increase
ventilation. In this case a building can be equipped with
1. A tense plastic mat {e.0 Platon) is placed over the cement slab an intake and exhaust air ventilation system with a heat
{the mat also stops moisture and mould) exchanger so that too much energy is not lost.
2. The radon rerains in the air space between the mat and the
concrete Source: Radonboken, BFR, 1992

3. A fan sucks out alr with radon in It

In an existing building on radon-emitting ground,
the radon can be sucked away if an extra airtight
floor is added so that there is an air gap between
the two floors.

An alternative is to equip existing buildings with
a radon exhaust system that expels air through
the drainage layer and so prevents radon from
entering the building.

Fantexiile
Source: Radonboken, BFR, 1992
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1.3.3| Sound and Noise

Noise problems are common in everyday life. People are disturbed by traffic and
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

The unit decibel, dB(A), is often used to de-
scribe sound volume. The ‘A’ refers to the
different frequencies being weighted to cor-
respond to how the human ear interprets
the sound volume. An increase of 3dB(A)
is equivalent to experiencing a doubling of
the sound volume.

In Sweden, slightly more than two million
people are exposed to noise that influences
health and almost one million report being
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
of more than 100,000 by 2013.

The National Board of Housing, Build-
ing and Planning (Boverkes) has set the fol-
lowing long-term goals according to the
noise guidelines supported by the Swedish
Parliament:

By the year 2020 noise levels in home
environments will not exceed:

30dB(A) equivalent indoors;

45dBA maximum level indoors at night;

55dBA equivalent level outdoors (at the
facade);

¢ 70dBA maximum level in outdoor areas
associated with homes.

These are guidelines for new construction
or substantial roadway reconstruction.
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Sound level is measured in decibels on a
logarithmic scale.
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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 that takes into consideration frequen-
cies down to 50Hz, in other words the base
level that sound systems emit. It can be dif-
ficult to 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 67. The dif-
ference between classes is normally 4dB.

Sound class A: corresponds to very good
sound conditions.

Sound class B: corresponds to signifi-
cantly better sound conditions than sound
class C.

Sound class C: provides satisfactory
conditions for the majority of residents 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 cannot be

renovated in a way that meets the require-

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

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
cent higher, which may be considered to be
within reasonable limits.

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 empty 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 putting insulation between the floor
covering and the load-bearing construction.

Today many people live in a poor
sound environment. The need for
sound insulation has grown due
to an increase in new sources of
disturbing sound, such as heavy
traffic, powerful stereo systems
and fans. Sound transmission
through the air between two
spaces is usually given as a total
2. Flankin transmizsion of direct transmission, flanking

3, Overhearing transmission, overhearing and

4, Nolse leakage leakage.

1, Dirgct sound transmission
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Timber frame buildings with more than
three storeys make it especially important
to consider sound insulation between flats.
Several new construction methods for this
have been developed. In “The Quiet Build-
ing’ in Lund, walls separating the flats
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 to
noise. An unfortunate consequence is that
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
about lem) onto existing windows, which
can reduce noise by about 35dB.

For walls separating flats, using
discontinuous construction does
not usually provide sufficient
noise reduction. Double walls are
often built and the floor structure
should also have separated sec-
tions. Solid timber floors between
flats should be insulated on the
underside if the solid wood acts
as a floor surface without any
other floor covering.

Source: Massivtrd, Teknisk beskrivn-
ing, Tratek, 2000
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A solid timber floor between flats. Under the floor
joists, metal acoustic sections are attached to
plasterboard. The outer floor surface consists of
parquet flooring laid on top of impact sound-
absorbing material.

Clinker

Mortar

Two layers of cork granule board

An example of impact sound insulation with cork
granule board under a expanded clay floor set in
mortar.

Source: Cementa

5 have double windows in sepa
aeed frames. There is & sound

Window with reinforced sound insulation. It is now
most common to use laminated glass with sound-
absorbing foil in the insulating glass.

Source: Projektet ‘Det tysta huset, JM Byggnads och
Fastighets AB, Lund, 1989
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Quiet Services

Since dB(A) values do not 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
can 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 rectangu-
lar ones. Pipes can be laid in well-insulated
ducts and in a vibration-absorbing man-
ner. 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 ducts;

* sound absorption;

¢ sound insulation;

* choice and location of fans;

* fan connection;

* ducting and sound insulation;
* duct mounting;

* ventilation fixtures;

e vibration insulation.

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

Office machines| Office- conversation loudspeaker,
in calm machines moderate
environment level

35

40

44

48 YELLOW - audible

52 WHITE - inaudible

60 GREY - audible but not diturbing under normal conditions

Subjective interpretation of sound with various types of sound insulation.

Source: ‘Bullerskydd i bostader och lokaler’, Boverket, 2008.

Sound insulation measure

Sound reduction

5 a) No insulation OdB{A)
h) a0mm mineral wool preformed £
pipe section (glass wool S0kg/m= 12-14dB(A)
or rock wool 150ka/m#)
r ¢} Bow of 13mm plasterboard
C) BOX mm pig arg 141 8dB(A)
L O o (dimension; 300 % 400mim) A
L . ;
d) Bax as in c and mineral wool 75-30dB(A)
asin b) i
a [
. To reduce the noise from services, ducts can be
&) Box as in ¢} and 50mm mineral _ encased and insulated. The illustration shows an
wool sheets (glass waol 36 ka/me 24-280dB(A) example with a vertical plastic (high density poly-
or rock wool 75kg/me) thene) pipe.
Source: ‘Regnvatteninstallation’, Svensk Byggtjanst, 1978
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To avoid transfer of sound
in ducts, the ducts can

be equipped with sound
traps. The sound trap in the
illustration is insulated with
cellulose fibre.

Source: Acticon AB
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Choose quiet fans that are installed so that
vibrations aren’t transmitted. For a quiet
system, make sure that motors (not requir-
ing high-speed operation), fans, ducts and
fixtures are overspecified in relation to the
norm. Disturbing sounds from fans can be
muffled using sound traps with baffles.

Joining Structural Elements

Sound can be transferred from one struc-
tural element to another through continu-
ous construction. This can be avoided by
breaking the continuity in the construction
with muffling material. Steel supports on
walkways and balconies can be insulated
with rubber spacers to reduce impact sound.
Garages located beneath residences can be
made with a floor slab separated from the
structural frame with special insulating
material. The ground-floor joists can be
constructed so that vibrations are directed
towards the garage underneath. Stairwells
with expanded clay floors can include a
cushioned layer on top of the concrete.

Lifts

Lifts may be muffled with rubber. To
avoid rattles in lift doors, side-hinged doors
should be chosen instead of sliding doors
with rattling door panels. Side-hinged doors
are equipped with dampers, which prevent
them from being shut with such force that
direct sound disturbance is created. The
door frames are fastened to the studwork
with rubber plugs in the frame so that there
is no direct contact with the frame.

Sound Muffling

Sound in a room can be muffled with
sound absorbers made of wood-wool ce-
ment, perforated plaster, acoustic plaster or
thick textiles.

Motor Jdmpelier

Some fan companies have developed quiet fans
designed for easy maintenance.

Source: Gebhardts genovent

Convential
method

Acoustic
method

For acoustic reasons, prefabricated concrete
steps should be installed with flexible joints and
rubber spacers.

Source: Projektet ‘Det tysta huset’, 1989, cooperation
between BFR, JM and SABO.
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1.3.4| Ease of Cleaning

Cleaning costs constitute a significant part of maintenance costs. It is impor-
tant to choose easily cleaned materials and to clean regularly. Environmentally
friendly cleaning methods should be used (preferably dry methods). The most
efficient methods are preventative, because rough surfaces, especially verti-
cal ones, collect more dirt than smooth surfaces. Electrostatic charges also
influence the build-up of dirt. The chief source of information for this section
was Gudrun Linn’s book, Bygg rétt for stddning och fénsterputs, and the folder
Renhold og indeklima begynder pa tegnebordet, published by the Danish-

based company ISS.

Three Simple Principles

There are three simple, interrelated principles
for achieving an easily cleaned building:

* Dirt should be prevented from coming
into the building.

* Polluting activities should be efficiently
separated from other activities.

* It should be possible to remove dirt
casily.

Dirt Traps

One of the most important measures to
facilitate cleaning in a building is to pre-
vent dirt from coming in. The entrance

should have a proper protective roof, and
the ground should be paved and slope
gently away from the entrance. There should
be an enclosed porch, sufficiently long, and
the doors should open in the same direc-
tion to make it easy to go in and out. Every
doormat should be big enough to take two
steps with each foot on it. A rule of thumb
is that doormats should be at least 2m long.
The risk of slipping on floor grates can be
avoided if they are made of grid-patterned
flat iron.

Accessibility

Accessibility for cleaning is crucial for the
easy removal of dirt and dust. Some exam-
ples of easy accessibility are as follows:

Dirt trap entrances to offices can be
designed as shown:

1) floor grate, 2) rubber mat, 3) natu-
ral fibre mat made of coconut fibre.

In addition, the ground adjacent to
the entrance can be heated, and the
lobby can have a stone floor.
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Buildings
should be easy
to clean.

* Locating load-bearing pillars near walls is

important for ease of cleaning floors.

* For areas cleaned by machine, there
should be access to as much of the floor
area as possible.

¢ Window surfaces must be accessible from
both inside and outside, which means that
the ground outside a building must be suit-
able for a cradle installation. In addition,
pillars and so on should not be located too
close to inside windows, thereby preventing
access to the entire window surface.

Glass roofs require special arrangements for
maintenance. Permanent fixtures and lad-
ders on tracks are preferable to loose ladders.

Spaces under stairs should be accessible
for cleaning.

It should be possible to reach open in-
terior structures for cleaning since dust
collects on them. This includes interior
roofs over reception and similar areas.

Cleaning is facilitated by open floor ar-
eas without pillars, furniture legs, piping
or cables. Electric points and outlets for
computer connections should be sited so
that cables are short and not left lying on
the floor, since that makes cleaning more
difficult. Ceilings are the most suitable
locations for electric points.

Specifications should include require-
ments for a good working environment.
Accessibility and adequate space to carry
out maintenance should be considered, as
well as ease of changing fan filters and oth-
er components that wear out. More than

THE OFFICE OF A CLEANING COMPANY (ISS)

It is important to think things through right from the earliest design stage in order to avoid
dust and dirt traps as well as providing easily cleaned spaces. Design detail is important.

The following example comes from the Stockholm office of the cleaning company ISS:

¢ Rounded corners make it easier for cleaning staff to move around and reach
everywhere with their machines.

* There are no thresholds except where necessary, making it easier to navigate
cleaning machines.

« Dust-gathering ledges have been avoided, so all floor mouldings are recessed into
partition walls (this is more difficult on load-bearing walls, but there are places
where this has been done), and glass sections have rounded mouldings.

« All electric and computer cables are laid in cable troughs and never on the floor.

» Cupboards and cabinets extend to the ceiling.

« Blinds are enclosed between window panes and collect little dirt or dust.

¢ There is an easily maintained marble floor in the entrance.

188 1 HEALTHY BUILDINGS |

1.3 CONSTRUCTION |

1.3.4 EASE OF CLEANING



The maintenance

needs of various
[ materials should
| be considered
in the planning
phase. For ex-
ample, materials
requiring very
different mainte-
nance intervals
should not be
mixed.
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the minimum dimensions are needed for
work to be carried out comfortably. Aids
for heavy lifting should be available.

* High fixtures (including those in stair-
wells) are difficult to reach for servicing,

e.g. changing light bulbs and for cleaning.

Factors to Consider

* Open-edged landings may allow dirty wa-
ter to run over the edge and leave stains
that are difficult to remove. A cleaning
strip eliminates the problem.

* Doorstops should be installed high on
walls and doors so that they do not get
in the way of cleaning trolleys, vacuum
cleaners, etc.

* Surfaces should be as smooth as possible
for ease of cleaning. However, for floor-
ing this requirement may not be compat-
ible with skid-resistance.

* Inareas to be cleaned by machine, durable
flooring should be chosen, so thin ceramic
tiles or plastic tiles may be unsuitable.

* Flooring in entrances should be tough, of
good quality, and properly treated.

On outward opening triple-light windows, one of the outer
panes is always difficult to reach from the inside, as is the
outer pane of outward opening single-light windows.

Source: Bygg rétt fér stddning och fonsterputs, Gudrun Linn, 1999

* Entrance walls may be exposed to wear,
dirt and perhaps graffiti. Vehicle collision
protection is often required.

* Good lighting levels are needed for

cleaning.

Services

e Tiltable radiators that provide radiant
heat simplify cleaning. Convectors (ra-
diators with fins) that warm the air in
a room are almost impossible to keep
clean.

* Radiators placed close to the floor are a
hindrance to floor cleaning and vacuum-
ing of skirtings behind them.

* Suspended ceilings, fittings and ducting
should be designed with cleaning in mind.
Ceiling pipes should be positioned so that
it is possible to clean on top of them.

e The backs of refrigerators usually are
equipped with an evaporator that releases
the heat taken out of the refrigerator.
Some refrigerators have built-in evapora-
tors, but on those that don’s, it is worth
pulling out the refrigerator regularly and
vacuuming the coils. This can improve
performance from 20-40 per cent.

e It is very important for a building to be
clean during the entire building process.
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So, for example, all ducts and spaces in-
side walls should be vacuumed out before
they are closed off.

e It is a fact that intake air systems are not
easily accessible for inspection and clean-
ing. So they are in fact never cleaned. Ven-
tilation systems often pollute fresh air. It
should be possible to clean them and espe-
cially the air intake ducts regularly.

Cleaning Equipment Storage Area

Cleaning equipment storage areas should
be large enough so that cleaning equipment
can be easily put away. There should be
readily accessible electric points for recharg-
ing machines with rechargeable batteries. It
should not be necessary to move anything,
such as a machine, in order to reach some-
thing, e.g. a cleaning product, from a shelf.

Access to electricity and water is impor-
tant for those who clean. Wall sockets, wa-
ter taps, floor drains and outlets for central
vacuum cleaning should be easily acces-
sible. Access to water and electricity should
sometimes be placed in areas where it oth-
erwise wouldn’t normally be, such as in
stairwells. Water taps are needed on several
floors in multi-storey buildings.

Rooms for Bicycles, Prams and
Buggies

Rooms for bicycles, prams and buggies
should be placed as close as possible to en-
trances since the wheels bring in dirt. In
multiple-entry blocks of flats, small lockable
rooms should be located adjacent to every
stairwell so that fewer people have keys. Bi-
cycle racks should be mounted on walls or
ceilings to make it easier to clean the floors.
It should be possible to lock bicycles to the
bicycle racks.

Bathrooms and Toilets

Wall materials should be easy to clean, e.g.
tiled. It stands to reason that bathroom
floors should be made totally accessible by
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A" Tinable radiators make cleaning
™ easier. The illustration shows a

&+ tiltable hot water radiator.

wall-mounting toilets, basins, fixtures, pip-
ing and even toilet brushes. There shouldn’t
be any nooks or crannies. It is easier to clean
the floor under bathtubs without fronts or
with half-fronts. Built-in showers recessed
into the floor are preferable to prefrabri-
cated units, which can be difficult to clean
around. From a cleaning point of view, it is
better if partitions are permanently attached
to walls. Pipes should be accessible for re-
pairs, but it is best if they are hidden behind
a panel that opens so that dust doesn’t col-
lect on them. For ease of cleaning, 50cm is
needed between walls, toilets and basins.

Furnishings

It is necessary to be able to get under fur-
nishings everywhere in order to vacuum
and clean. Furniture on castors is a good
idea. There are many special types of cas-
tors on the market that can be used.
Furniture on castors is easier to move, especial-
ly if it is heavy, and doesn’t scratch the floor.
Couches and armchairs can have protective
covers that are easy to wash and replace.

Chemical-Free Cleaning Methods

A lot of chemicals are used for cleaning and
surface treatments. Much of this chemical
use is routine and could be replaced with
dry methods or with soap and water. Steam
cleaners may be used for professional clean-
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ing. Windows do not normally need to be
cleaned with a window cleaning solution. A
microfibre cloth dampened with water of-
ten does the job just as well. Chemicals are

seldom needed when a microfibre mop is
used. If a surface is extra dirty, a little soap
can be used in most cases. Microfibre clean-
ing cloths and mops should be cleaned of-
ten by boiling them on the stove or by being
machine washed at 60 degrees, preferably in
a net washing bag. Rinsing agents should
never be used. They remove the static effect
of the cloth that makes the dirt stick to it.

Cleaning Chemicals

Do not use cleaning agents unnecessarily,
but if they must be used, choose environ-
mentally certified ones. Not much planning
is required for choosing environmentally
friendly chemico-technical products. There
are reliable lists of environmentally certified
and environmentally hazardous products.
Bra Mijoval (Good Environmental
Choice) or Swan-labelled products do not
contain substances hazardous to health and
have ingredients that are easily degradable.
When microfibre cleaning equipment is
used chemicals are often unnecessary and use
of water is adequate. However, if cleaning
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agents must be used, use milder ones such as
soft soap, vinegar, citric and tartaric acid or
environmentally labelled cleaning agents.

Soft soap is made of natural raw materials
and can be used on most floors and surfaces.

Vinegar is good for disinfecting inside
toilets.

Vinegar, tartaric and citric acid work
well against rust and calcareous deposits in
toilets, sinks and bathtubs.

Some cleaning agents are unnecessarily
strong and can for example leave scratches
on cleaned surfaces. They should only be
used when really required. Chlorine should
only be used in exceptional circumstances,
for example to avoid transmission of infec-
tions via toilets.

Strongly alkaline substances should
never be used to unplug toilets as they can
damage piping. Instead, the stoppage may
be able to be removed with lots of hot water
or by dissolving a cup of bicarbonate and
a cup of salt in a pot of boiling water and
pouring it down the toilet.

Floor Cleaning Methods

About 70 per cent of all floor replacements
are due to damage caused by improper
cleaning methods and cleaning agents.

Bathrooms are often difficult
to clean. Toilets, basins
and toilet brushes should
be wall-mounted. Avoid
pipes that go down through
the floor. Bathtubs without
fronts are preferable so that
it is easy to clean under-
neath. For ease of cleaning,
fixtures should be at least
20cm above the floor.
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Dry-cleaning methods such as dry-mopping
are becoming more common. Microorgan-
isms can multiply in the moisture that re-
mains after wet-mopping a floor. If a floor
is first dry-mopped, then wet-mopped, the
number of microorganisms doesn’t increase.

For the everyday cleaning of linoleum
floors, dry methods are used in combination
with spot removal. For wet-mopping, wax or
a neutral cleaning agent is used. In some loca-
tions, it is necessary to use polish in order to
create an easily cleaned surface, e.g. entrances,
dining areas as well as on some old floors.

As the contents and characteristics of plas-
tic flooring can vary greatly, it is best to contact
the supplier for proper maintenance instruc-
tions. However, in most cases dry-cleaning
methods in combination with spot removal
and wet-mopping are adequate. When mois-
ture is added, a neutral cleaning agent prepared
with water and/or a microfibre mop is used.

An impregnating agent is required both
to finish concrete mosaic (terrazzo) floors
as well as for the everyday cleaning process.
The impregnating agent reacts with the lime
in the terrazzo cement to create lime soap,
which provides a dirt- and water-repellent
surface. Other alternatives include special
neutral soaps with a high fat content or soft
wax. Polish or strong alkaline products (e.g.
many common soaps) should not be used on
concrete mosaic. Acidic substances should
also be avoided as they corrode the flooring,

Stone such as marble, limestone, gran-
ite and gneiss that is sanded and polished
should be cleaned with a neutral cleaning
agent. Such stone surfaces are very dense
and use of fatty products result in a sticky
surface. When marble, limestone, granite
and gneiss are sanded, the surface becomes
porous. It is then suitable to use neutral
soaps with a high fat content. These prod-
ucts fill and impregnate the pores, which re-
sults in a dirt- and water-repellent surface.

Ceramic flooring with tiles that aren’t ful-
ly vitrified has a surface porosity that is com-
parable to a stone floor. Periodic maintenance
with pore-filling expanded clay oil is recom-

mended. Glazed and fully vitrified ceramic
flooring has a density similar to polished stone
flooring. Soap stays on the surface resulting
in a sticky surface. Such flooring should be
cleaned with neutral cleaning agents. There
are, however, some exceptions and it is best to
check with the flooring supplier.

Laminated flooring is sensitive to mois-
ture and water and should be cleaned with
neutral cleaning agents.

‘Wooden floors are also sensitive to mois-
ture and water. Oiled floors should be treated
one to four times per year with maintenance
oil. For everyday cleaning, a product should
be used that re-oils the floor and prevents dry-
ing. The product should be suitable for use
with the appropriate maintenance oil. Lac-
quered wooden floors should be cleaned as
dry as possible. If wet methods are required,
neutral cleaning agents should be used.

Steam cleaners
are machines that
can clean even
extremely dirty
surfaces without
the use of strong
chemicals.

Brown soap, made
of vegetable oils,
has been used for
hundreds of years
and is excellent for
cleaning and surface
treating wood, stone
and textiles.
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I.4" | Implementation

Constructing an environmentally friendly building requires systems thinking that

follows through the entire process. Construction should be monitored by an environmen-
tal manager, the architect or whoever is responsible for quality control, to ensure that
work is carried out as agreed. The materials and systems used should be documented,
and once the project is finished a follow-up evaluation should be carried out.
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1.4.0 | Environmental Management

If one is serious about working professionally and sustainably, environmental
issues must be taken seriously. This means that a company first needs to
make itself environmentally friendly as well as cooperating with other envi-
ronmentally conscious enterprises. There are several different environmental
management systems that can be applied. In general, modern environmental
management encompasses many of the various activities carried on in enter-
prises and organizations, from market overviews, product planning, product
development and product launching to market follow-up. In the planning and
implementation of a construction project, many different actors are involved.

Environmental Management
Systems

An environmental management system
consists of several steps. First, the company
management has to decide that they want
an active environmental policy. Then a pre-
liminary environmental review is carried
out to identify the environmental impact
of company activities. Once a company’s
environmental impact has been identified,
various environmental performance goals
can be set. It is common to speak of objec-
tives, i.e. the focus of the work, and targets,
i.e. the desired results to be achieved within
a certain time period. With these as a ba-
sis, an environmental programme is written
and an environmental management system
is developed to implement the programme.
The concept of continual improvement is
included in environmental management
systems. Therefore environmental audits
are regularly carried out, and are presented
in an environmental statement. From this,
new improved environmental goals and an
upgraded environmental programme are
developed. One of the most commonly
used environmental management systems

in ISO 14001.

Environmental and Quality
Management

A company can work internally with both
quality management systems (ISO 9000

series) and environmental management
systems (ISO 14000 series). Quality man-
agement systems deal with ensuring that
the intentions expressed and the decisions
made are carried out in a qualitatively cor-
rect manner. It can be advantageous to link
environmental standards to quality manage-
ment. In order to ensure that environmen-
tal ambitions aren’t lost in the process, it is
a good idea to work using a quality man-
agement system where all those involved are
made aware of the environmental aspects to
consider and are committed to working ac-
cording to these guidelines. Throughout the
process there should be regular evaluations
of the established environmental require-
ments. A monitoring plan is developed.
Those responsible for each requirement
should be identified, and there should be a
follow-up routine to ensure that the require-
ments are met. An environmental manager
is appointed. The person responsible for
quality management can also be responsible
for environmental management.

The ISO 14000 Series

ISO is the acronym for the International
Organization for Standardization. ISO is
developing a number of different environ-
mental standards in the ISO 14000 series.
The most important is the ISO 14001 En-
vironmental Management System standard.
Absolute values for environmental perfor-
mance are not given.
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In the area of property management, environ-
mental problems can be used as a basis, and an
analysis can be made of the housing company’s
role in addressing these problems.

Source: Svenska Bostader

EMAS

The Eco-Management and Audit Scheme
(EMAS) is the EU’s system for environ-
mental management and auditing. EMAS
is based on the ISO 14001 environmental
management system, but also, among other
things, requires companies to publish an
annual public environmental report. EMAS
is not used as widely as ISO 14001, but has
an extra value since the system also provides
verified data. Neither systems place limits
on the extent of environmental impacts.

ISO 14001 — Environmental management

ISO 14006 — Guide on eco-design

ISO 14010 — Environmental auditing

ISO 14020 — Environmental labels and
declarations

ISO 14030 — Environmental performance
evaluation

ISO 14040 — Life-cycle assessment

ISO 14050 — Vocabulary

ISO 14062 — Integrating environmental as-
pects into product design and development
ISO 14063 — Environmental communication
ISO 1406465 — Greenhouse gases

ISO Guide 64 — Environmental aspects in
product standards
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] 3. Objectives and targets |
Y

4._Environmental
programme

Enviranmental

New environmental goals management system

Revision cycle,
maximum 3 vears

Environmental
audit

[5. Environmental statement

The EU has developed an environmental management
system called EMAS.

ISO 14000

r 1
Companies and organizations Products and services

The ISO 14000 series was developed to facilitate environmental improve-
ment and make it expedient and cost-effective. A guiding principle for all
the standards is that overall effort should lead to continual improvement
of environmental performance.

Source: The Swedish Environmental Management Council (SEMC)




The Maturing Process in a Project to Achieve Change
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Getting new ideas to permeate through a large company can be a prob-
lem. The illustration shows the maturing process in a project to change
to more environmentally friendly construction in the JM-bygg (JM
Construction) company. Though a company may wish to become more
environmentally friendly, it takes time for attitudes to change.
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The environmental policy is here taken to be the proanization's nighest
qoverning goal. In addition to the environmental policy there can be, e.g. a
buziness concept, plans tor the putdoor and Indoor environment, a securily
policy and a quality policy, An environmental policy includes, amanagst other
things:

* That the: arganization intends 1o reduce and prevent anvironmental impacts
within Its aclivities,

MANAGEMENT REVIEW OF THE ENVIRONMENTAL » f\ promise of continual improvement,

MANAGEMENT SYSTEM * Reference to more detailed environmiental goals
* Perindic revew of the environmental Thia policy should be:
management system, ana » Distributed, known and understood throughout the whole organization,
* The need for changes ti any other elements * Available to customers and. the general public,
of the environmental management systam. ~ -
MONITORING AND CORRECTIVE MEABURES rPLA NNING
* Continual monitaring and follow-up, i ; " ; i
= i e * |rventory thi main parts of the organization's
* Preventative and comective measures, :
" V-aiite And Al " | Biviranmental impact,
. El [1f: [ 1 B Ments Nk i : " -
eaular environmental audits and auditing ef the envirehmenta ® Sat abjectives, i.. long-term nan-measurable goals,

management system = Set targets, i.e. short-termineasurable goals,

* [mplement an environmental management
programme; when the targets should be met, where
they should be carred out, and who is responsible.

INTRODUCTION AND DPERATION

= |iiternal traning is required,
= Environmental performance should be documented,

® |nternal and externdl communication is reauired, and
» Management s needed. new routines should be
established and maintained.

Some construction companies have been certified according to ISO 14000 or EMAS. It may be easier to
try to improve environmental performance in large companies that are already certified. The illustration
shows a way of addressing environmental issues in a company.
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Environmental Handbook for Planning and Construction
Work structure and organization
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An important part of the work of the Stockholm company Tyréns is to prepare company-specific environ-
mental handbooks for planning and construction. The illustration shows a chart that was commissioned
by Familjebostdder AB (Family Housing Ltd).
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I.4.1 | Planning and Procurement

Those involved in the building process should be environmentally
conscious and want to work environmentally both in their own
organization and in carrying out the work. They should have knowledge
of and a willingness to carry out eco-friendly projects. Planning with a

long-term perspective is of the essence.

Environmental Management of
Construction Projects

Contractors’ experience of building in
an environmentally friendly manner has
shown that the following steps should serve
as a guide.

1 There should be an explicit willingness.
Otherwise, it is unlikely the building will
be environmentally friendly.

2 Choose consultants and contractors who
want to build in an environmentally re-
sponsible manner and know how to do so.

3 Detailed environmental specifications
should be already worked out in the plan-
ning phase.

4 The original intentions must not be ig-
nored during procurement.

5 There should be a functioning quality
management system during the construc-
tion process.

6 Handover must be carried out with care.
Operating and maintenance aspects
should be included from the beginning,
and it is at this point that they will be
implemented.

7 There should be follow-up meetings
where planners, builders and caretakers
meet to exchange experience.

Guidelines in the Construction
Sector According to The
Environmental Code

The Ecocycle Council and the Swedish
Environmental Management Council have

formulated requirements that actors in the
construction sector can demand of each
other, and what others, including consum-
ers, have the right to expect at reasonable
cost. Project planning, production and
management must be planned so that dur-
ing its full life cycle a building will not in-
fluence its surroundings negatively and at
the same time provide a good indoor en-
vironment during its whole period of use.
This requires:

¢ environmentally friendly construction;
y y

* cnergy-efficient operation and low car-
bon dioxide releases;

* good ventilation and low emissions from
the construction materials used.

Proposals in the guidelines include:

* Clear environmental requirements when
tendering for consultants and entrepreneurs.

* Greater energy-efficient requirements
than specified in the National Board of
Housing, Building and Planning regu-
lations. It is proposed that energy con-
sumption in homes that have other forms
of heating and electricity should be 30
per cent lower than the 2009 construc-
tion regulations. For zone III (southern
Sweden) this means 75kWh/m?*/year
(Atemp, or the heated area of abuild-
ing that is used for energy calculations),
compared to the 2009 construction regu-
lations for southern Sweden of 110kWh/
m?*/year (Atemp).

* Requiring  moisture-proof  construc-
tion. An example is that moisture and

I HEALTHY BUILDINGS ‘ 1.4 IMPLEMENTATION | 1.4.1 PLANNING AND PROCUREMENT



environmental checks should be carried
out periodically during the whole pro-
duction period.

* Greater sound quality requirements than
specified in the National Board of Hous-
ing, Building and Planning regulations.
It is proposed that at least sound class
B should be met for constructions that
separate apartments and for sound levels
indoors from installations.

* Requirements for the chemical properties
of construction materials and documen-
tation of built-in materials.

* Rigorous requirements for the manage-
ment of chemicals and construction ma-
terials in the building phase.

Environmental Plan Checklist

Proposed environmental plan checklist for
construction entrepreneurs prepared by the
Ecocycle Council and the Swedish Envi-
ronmental Management Council:

* The on-site person responsible for envi-
ronmental matters has been specified.

* The environmental plan is dated and
signed by the entrepreneur’s person re-
sponsible for environmental matters.

* The environmental plan refers to the cli-
ent’s environmental requirements.

* The environmental plan refers to an en-
vironmental inventory made for the proj-
ect.

* The fractions to be separated out respec-
tively during the construction demolition
phases are documented.

* The on-site classification system for sepa-
rating fractions is given. For example,
containers (including number and size),
smaller containers, shared containers,
sacks, storing indoors until being re-
moved, etc.

* A site plan during the construction phase
of the project is included.
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* The hazardous waste separated out and/
or taken care of is given as well as how
dealing with it will take place. For ex-
ample, mercury-contaminated sewage
pipes are disconnected carefully and cut
into one metre lengths, plugged at both
ends and placed in sealed containers for
removal.

* The waste that any subcontractors them-
selves are responsible for is given as well
as how the waste will be dealt with.

* There is a description of how the waste
statistics will be compiled and reported to
the client.

* There is a description of how the entre-
preneur ensures that the Swedish Chemi-
cals Inspectorate’s phased-out and pri-
ority risk-reduction substances are not
used. For example, who checks this, how
the checks are made and they are docu-
mented.

* There is a description of how safety sheets
are dealt with on site.

* There is a description of how communi-
cation about environmental plans with
employees and subcontractor takes place.

* There is a description of how often en-
vironmental inspections are carried out.
For example, inspections can include
checking waste management, decontami-
nation, approvals and licences, manage-
ment of chemical products, how product
and safety information sheets are dealt
with, storage of materials, noise, dust
protection, etc.

* Thereisadescription of how the entrepre-
neur ensures that drying down to relative
humidity (RF) <85 per cent takes place
before surface protection is applied.

* The methods of storing and managing
construction materials in order to avoid
moisture damage is given.

* There is a description of how noise dis-
turbance in minimized.
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* There is a description of how spreading
dust to surrounding activities and resi-
dents is avoided. For example, fans that
create low pressure in the construction
area, sealing windows and doors, use of
mats that can be wiped off, etc.

* There is a description of how deviation
from the established environmental plan

is dealt with.

* There is a description of how quality as-
surance of sealing the weather-protecting
layer around the building is carried out
during the construction phase.

Environmental Programmes and
Environmental Plans

The Swedish Federation of Consulting En-
gineers and Architects, which is the trade
and employers’ association for Sweden’s ar-
chitects, building and engineering consul-
tancies, have defined the concept of envi-
ronmental programme and environmental
plan as follows.

The environmental programme is the
part of the complete building programme
that covers environmental requirements
including owner priorities, setting environ-
mental goals, and documented follow-up.
The environmental programme should in-
clude, for example, who is responsible for
the programme being followed for moisture
protection and for dealing with construction
waste. All involved should have knowledge
about the programme. The programme
should also provide a basis for future opera-
tion and maintenance instructions.

The environmental plan contains the
planned measures to be taken in order to
meet the requirements of the environmental
programme. This is normally a part of the
project’s quality assurance plan. It should
be remembered that environmental issues
are inter-professional in nature, and there-
fore it is important to have careful control
of who does what during the design stage.
A system for evaluating building materials
should be chosen. An issue that the owner

should be involved with is if the so-called

‘Environmental Handbook’ (a tool for sys-
tematically applying an environmental per-
spective to a building or facility during its
full life cycle) should be used. How verifica-
tion and internal control will be carried out
also needs to be decided.

Municipalities

Municipalities have a big responsibility re-
garding facilitation of achieving completion
of environmentally friendly projects. An ex-
ample where some municipalities provide
dispensation, and some not, for building per-
mits is regarding deviations in the number
of floors and height. Further, an ecological
building often has more insulation against
the ground and in the walls and ceiling than
normal. This means that outer walls and the
roof can be 20 cm thicker than usual. If a
building permit is used to the maximum
it means that an environmentally friendly
building gets much less activity space than a
less energy-efficient building. Municipalities
have various ways of looking at the issue of
providing exemptions for this reason. Some
municipalities choose to see building permit
violations due to extra insulation as a small
deviation in the local development plan, oth-
ers not. In some cases, when the specifica-
tions of building permits are strictly applied,
an unwillingness to provide dispensation can
lead to a project not being completed.

Choosing Consultants
and Contractors

Consultants and contractors should be cho-
sen with adequately documented compe-
tence in the environmental field for carrying
out the project according to specifications.
They should familiarize themselves with
the project’s environmental requirements
and goals. Large contractors should have
an environmental policy, provide infor-
mation about the person responsible for
environmental matters, be able to give an
account of their employees’ environmen-
tal training and of the firm’s experience
with environmentally oriented projects.
They should also use an environmental
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management system and a system for environ-
mental evaluation of construction materials to
help the purchaser make informed decisions.

Cooperation

Constructing buildings is an art and good
results require the weaving together of
many different skills. It is therefore impor-
tant for good cooperation to be established
between architects, builders, heating, venti-
lation, sanitation and electrical consultants.
For many ecological buildings, additional
specialists are involved, e.g. heating, ven-
tilation and sanitation is often handled by
a ventilation expert, a specialist in sewage
management, and an energy expert who is
familiar with heating and cooling. It is also
important to involve landscape architects at
an early stage, especially for large projects.

The Importance of the
Project Manager

The project manager helps the contrac-
tor run the project by directing daily work
during the planning process and by coordi-
nating the different parties involved in the
construction project. It is very important
to have competent project management.
Many people are involved in a building
process and it is important that all are will-
ing to work without prestige and share their
knowledge. The aim is to have a project
that is good in its entirety.

A tigger omtice

The contractor decides
1o carmy ot the project

The project 15 defined

Project implemention

Specification of
requirements

Planning

Installation

Adjustment

Management
and maintenance

Operation

A chain is only
as strong as its
weakest link; an
old saying which
also applies to
the construction
process.

s of the praject

One difficulty in carrying out environmentally responsible construction is that there is often poor com-
munication between the different phases of the building process and a lack of knowledge in each phase

about what is involved in building ecologically.
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Actors in the Planning Process

In some projects there can be up to 200
parties involved. In ecologically oriented
projects there is an attempt to increase co-
operation between the actors. In order for
the project idea to survive and thrive, good
cooperation between those involved in the
process is required.

Comparing Building Projects

The environmental impact of building proj-
ects varies. If the ambition is to construct
buildings with minimal environmental im-
pact, methods for comparing projects are
needed. It is best to use these methods in the
planning phase so that various projects can be
compared. Such methods are often compli-
cated and time-consuming; it is not possible
to count on being able to apply them rou-
tinely. They are sometimes used to get an idea
of how construction ought to take place, and
ways of connecting environmental assessment
tools to computer-aided design (CAD) pro-

grams are being developed.

Accessibility Council

exp il Wil Local Recreation
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Water Litility
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Some of the many actors involved during the construc-
tion of the ecological community Understenshéjden in
Bjorkhagen, Stockholm, mid 1990s.

Notes: * SMAA = The Small Building Department of the Stock-
holm City Real-Estate Office.

** HSB = The Swedish National Association of Tenants, Savings
and Building Societies.

Environmental Impact of a Building
A building impacts on many things. With-

in the construction sector, indicators and
measurements to describe environmental
impact are sought; such indicators facilitate
the decision making that supports sustain-
able development.

Environmental Classification

Different environmental classification sys-
tems are used in different parts of the world.
Among the most important are: LEED
(North America), BREEAM (Great Britain),
Code for Sustainable Homes (Great Britain),
Green Star (Australia), CASBEE (Japan),
DGNB (Germany), Minergie (Switzerland),
and the Sustainable Building Tool (SBTool)
of the International Initiative for a Sustain-
able Built Environment (IISBE). In Sweden
there is EcoEffect and Miljoklassad byggnad
(Environmentally Classed Building). All of
these systems have been developed to make
it possible to objectively evaluate resource
consumption, environmental impact and
indoor climate. Most of the systems can be
used both for already constructed buildings
and in the planning phase for new build-
ings. The purpose is to stimulate construc-
tion of environmentally friendly buildings.
A classification system makes it possible for
environmentally friendly buildings to have a
higher market value.

In the beginning of the classification
procedure a large number of properties
are chosen to be given appropriate values
for the chosen parameters. Some criteria
must be met and the different properties
are weighted to finally determine classi-
fication. The different systems are quite
different from each other, both with re-
gard to what is considered and how the
different properties are evaluated. there
is not yet any generally accepted envi-
ronmental classification system. Rather,
different systems are used in different
countries. In Sweden, a Swedish system
is used as well as LEED and BREEAM.
Most important is that the results of a
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system are trusted and that the time and
cost involved to carry out the evaluation is
considered acceptable.

The main value of environmental classifi-
cation systems is that they start an important
discussion about how measuring and evalu-
ation of environmental properties be carried
out. Knowledge about the environmental
impact of buildings is fundamental to being
able to build more environmentally friendly
buildings in the future. Work on environ-
mental classification systems and concepts
for buildings will hopefully lead to increas-
ing knowledge in these areas. An important
aspect of classification systems is that they are
transparent so that it is easy to understand
how different properties are evaluated.

The BREEAM system in Great Britain
was the first environmental classification
system and other countries followed after.
There was dissatisfaction that the system
did not cover a wide enough area. Confer-
ences were organized called Green Building
Challenge, of which the first took place in
Canada in 1996. People learned from each
other at the conferences and the environ-
mental classification systems were a result.
More and more countries became involved.
The ambition was to create an international
method and an organization called the In-
ternational Initiative for a Sustainable Built
Environment (IISBE) was created for this
purpose. Regardless, countries have built up
their own systems. The conferences contin-
ued to be held and contribute to the benefi-
cial development of environmental classifi-
cation systems. The name of the conferences
was changed from Green Building to Sus-
tainable Building. The purpose of this was
to make requirements more rigorous. The
green building concept compared a building
to a standard building. Sustainable building
measures impact on nature and climate.

SBTool (Sustainable Building Tool) is a
computer program developed for the Green
Building Challenge. The initiative for this

environmental classification system came
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from Canada, but it has been developed
by international cooperation within IISBE
since 1996. There are three variations of the
method for all types of buildings: one for
schedules and analysis, one for design and
one for operation. The method has been
developed primarily for designers, but can
also be used by buyers and users. The results
are shown in bar charts with the contribu-
tion of various construction materials to
various impact categories and an equivalent
diagram for life-cycle costs.

The LEED Green Building Rating System
was developed by the US Green Building
Council. The first version came in 1999.
The system is useful for schedules and anal-
ysis, design and operation. Homes, offices,
public facilities and schools can be classi-
fied, as well as large renovation operations
and neighbourhoods. Points for various cri-
teria are added together and a construction
project is classified as: certified, silver, gold
or platinum.

BREEAM (Building Research Establish-
ment’s Environmental Assessment Method)
is a British system developed in the early
1990s. The system can be used for homes,
offices, public facilities and schools. It can
be used for schedules and analysis, design
and operation. Points are given for each cri-
terion and the points are added up to a to-
tal. A summary evaluation is given as either:
acceptable, good, very good or excellent.

The Swiss environmental classification
system, MINERGIE, came in 1998. It is
a voluntary system for new and renovated
buildings. In 2002 a system was developed
for passive buildings, called Minergie-P,
and in 2006 came Minergie-Eco which also
takes into account the environmental prop-
erties of construction materials. Minergie-
P-Eco classifies passive buildings that use
environmentally friendly materials. Some
banks give reduced interest rates for Min-
ergie buildings. The system also includes a
computer program for calculating energy

203




Water Efficiency 7%

Material &
Resources 19%

consumption. The system includes sched-
ules and analysis, design and the building
phase and can be used for homes, offices,
public facilities and schools. The final result
is a certificate that shows that the building
has met Minergie requirements.

The Code for Sustainable Homes can be
seen as part of the British government’s cli-
mate goal that starting in 2016 new homes
will not release any carbon dioxide at all.
The method is a further development of the
BREEAM version EcoHomes, and is a stan-
dard for new homes in England, Wales and
Northern Ireland. The method can be used
for schedules and analysis, design and the
construction phase. Starting 1 May 2008 all
homes being sold are required to be classified.
Classification is done for each house, and the
final result is given as one to six stars.

The CASBEE environmental assessment
system in Japan receives federal government
support. Development began in 2001 to
meet the political and market demand for
sustainable buildings The construction sec-
tor, universities and government agencies
have taken part in the development process,
which has been administrated by the Japan
Sustainable Building Consortium (JSBC).
The system includes many tools, from de-
signing to demolition, and for all types of

Innovation &

Design Process 7%

Energy &
Atmosphere 25%

buildings. Results are shown in four differ-
ent ways: 1) as roses with total values for
each area, 2) as bar charts with total impact
values for each category, 3) As a diagram
showing eco-efficiency (quality/impact)
and 4) as certain quantified indicators.

Green Star was developed by and is ad-
ministrated by the Green Building Coun-
cil of Australia (GBCA). The organization
has technical committees that cooperate
with trades people within the construction
and environmental area to develop criteria.
There are versions for schedules and analy-
sis, design and operation. The system can
classify many different types of buildings.
The following final results and points sum-
mary are used: Best Practice, Australian Ex-

cellence and World Leadership.
DGNB (Das Deutsche Giitersiegel Nach-

haltiges Bauen) is an environmental assess-
ment system introduced in Germany in
January 2009 by the German Sustainable
Building Association. DGNB has active sup-
port from the German Ministry of Trans-
port, Building and Urban Development.
About 50 criteria are evaluated. Contrary
to most other systems, the German system
also takes into consideration economic and
socio-functional qualities. The final grade is
bronze, silver or gold.

Surface Water Runoff 2%
Pollution 3%
Waste 6%

Energy and CO,
Emissions 37%

Materials 7%

Water 9%

Management 10%

Sustainable
Sites 20%

Indoor
Environment
Quality 22%

Health
Well-being 14%

Ecology 12%

Pie charts that show how various criteria are weighted in relation to overall evaluation in the American envi-
ronmental classification system LEED (the left circle) and the British Code for Sustainable Homes (CSH) (the
right circle).

Source: Building Environmental Assessment Tools Il — Detailed tool comparison, Marita Wallhagen, Mauritz Glaumann, Ulla
Westerberg, 2009.
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EVALUATION CRITERIA FOR ENVIRONMENTAL CLASSIFICATION SYSTEMS

There are many environmental classification systems. They differ between the properties they examine, how they are
evaluated and how the final resulls are presented. A summary is given here of the properties taken into consideration by the most
common systems. Environmental classification systems are important because they provide an instrument to market

buildings and increase awareness of what needs to be considered to build environmentally.

ENERGY AND POLLUTANTS MATERIALS AND WASTE
Energy Information Choice of Materials

Energy analysis Ecological footprint

Output need Energy consumplion, production
Output need 10Win? 3 Fair Trade cert. construction mtrl,
Culput need 30KWh/m* ] Fair Trade furnishings

GWP (Global Warming Potential lss] =] Renewable raw matenals
CO;-refeases iC 1 Long lifetime, robust

ODP (Ozone Depletion Potential I:IE
SOx
Eneray Efficiency
Energy-eff. buildings (U-value)
Air density, insulation thick-
ness, 3-glass windows
Area efficiency
Energy-efficient installations
Electrical Efficiency
Energy-efficient devices
Appliances
Drying room
Energy-efficient lighting
___Qutdoor fighting
Renewable Energy
Portion of renewable energy BCDEJ
Local energy production

Energy efficient transportation
Hazardous Substances
Environmentally friendly prod
g Hazardous substances
(chemicals, metals, fibres)
&l Hazardous coolants
Emissions (TVOC)
Ernlssnons (fmmaldehrde}
RETILE L]
Househuld Waste
5] Room for storing fractions
Composling
Construction Waste
Reduce waste during mirl prod.
|| Minimize waste at constr. site
Sart construction waste fractions
Reuse products

LI\.'I

LM

&) Installations

] Daylight

Easy to maintain

INDOOR CLIMATE AND WELL-BEING

Ventilation
Alr guality
(NOx, air change rate)
Reuse of heal
Electro-climate
Technical climate
Adjustable lemperature
Operative summer lemp.
Operative winter lemperature
Light
Visual quality
Views
Adjustability

Sunshine hours
Technical Design
Radon
Mbisture problems
Acoustics

Sound class

Sound insulation
Cleanability

District heating Ll Recycle material

Solar collectors LB Dismantlability

Solar cells

Wind, hydropower (green electr.) M

Environmentally cert. bicfuel heat M

WATER AND SEWAGE THE SITE REALIZATION AND MANAGEMENT
Hydrology Chaoice of Lot Economics

Surface water management BC E L Site analysis Life-cycle costs DE
Develop the waler landscape E L Bullding on already used site Long-term value D
Healthy watershed E Density Planning

Clean Water
Groundwater protection
Water quality
Tap water temp.
Censervation

| | Level of exploitation

B Neighbourhood Influence

B UM Influence of surrounding area
legianella Ul Outdoor environment
Consideration of local culture

Water consumption Consider. of region environment
Irmigatian Risks
Waler-efficient equipment Flood and earthquake nisk

Electro-climate, power lines
Neo contaminated land
NO, from traffic in indoor air

Measuring
Water leakage monitoring
Secondary water (e.g: rainwater’ ;

Sewage Surface ozone
Sewage releases (biochemical M B

Reduce soil rosion

-Avoid disturbing sound & light
Micraclimate

oxygen demand, N, P) M
Recyciing of nutrients )
Over-fedilization

CITY LIFE Heat islands/cald air sinks
Social Life Shade

Social openness Wind

Public art Flora and Fauna

Study the local flora and fauna c
Mir. impact on the ecosystem
Lifelong residen Avoid using green areas
Societal Structure _ Adapt to the cultural landscape
Proximity to services D Green roofs

Use of existing server structure L Preserve valuable ecolog. areas [E18
Use of existing infrastructure L Biological diversity

Use of existing transport system L Replace removed green areas

: to media, e.g. fas Establish gardens
eisure

Access to green areas
Access to exercise facilities

Homework places
Private sphere

AN

_ The Use Phase

Environmental policy
Environmental quality of program
Eco-integrated planning (prof.)
Hire prof., environmental issues
Optimization and holistic view
Procurement & sustainability
Friendly environmental operation
Environmental training
Owners
Planners
The Construction Site
Reduce pollutants
Environmental considerations

Environment

Labour

The public c
Environment. aware subcontractors e
System. division of responsibility D
Qluality D

D
cD

Accessibility
Flexibility
Robust technology
Safety
Free safely
Secunty monitoring systems &
Users

Environmental iraining

User handbook

User behaviaur

User guestionnaire M

= BREEAM (GB)
= Code for Sustainable Homes (GB)
= DGNB (Germany)

Access to walking areas

Transportation
Long-term sustainable solutions

Bicycle comfort = EcoEffect (Sweden)
Bicycle storage = CASBEE (Japan)
Pedestrian security = LEED (US)

Access to public lransportation B D
Comfortable public transport B

= Miljoklassad Byggnad (Sweden)
= Minergie (Switzerland
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Management
Management handboaok B
Environmental management |5}
Maintenance plan
Operation
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The Green Challenge is an international initiative that is being further developed at national level. The illustration shows the
Japanese system, Comprehensive Assessment System for Building Environmental Efficiency (CASBEE). Summary of results of a
building’s impact on both the interior and outdoor environment.

LEGEP, a tool for
integrated life-cycle
performance of build-
ings. The structure of
the LEGEP software:
plans and descrip-
tions are put into the
system in order to

calculate costs, energy |

efficiency and environ-
mental impact, and to
carry out a life-cycle
analysis.

Source: www.legep.de
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EcoEffect is a Swedish method developed
at the Royal Institute of Technology (KTH)
in Givle. EcoEffect takes a holistic view of
environmental issues by in parallel dealing
with: energy consumption, materials con-
sumption, indoor environment, outdoor
environment as well as life-cycle costs. An
attempt is made to quantify environmental
impacts as much as possible, which are re-
ported in the form of environmental profiles
in bar charts that show a building’s contri-
bution to various environmental impacts.

Miljoklassad Byggnad (Environmentally
Classed Building) is a Swedish system that

Arbeitsprogramme Interpretationsprogramme

| AVA
I Assdhreting

Objektprasentation

BUILDINGS | TI.4 IMPLEMENTATION |

classifies in the areas of: energy, indoor en-
vironment, materials and chemicals. The
system has been developed by the dialogue
project ‘Building-Living and Property Man-
agement for the Future’, carried out together
by construction and property companies, ex-
perts and researchers, as well as municipalities
and the federal government. It is a simpler-
to-use and cheaper system than EcoEffect. It
can be used for all types of buildings, is easy
to communicate and encourages continual
improvement. The classification system has
four levels: classified, bronze, silver and gold.
‘Classified’” means that basic requirements
are not met. Bronze is for when only the ba-
sic requirements are met.

Building Information Modelling
(BIM) with Environmental Weighting

Building Information Modelling (BIM) is a
process for storing most types of data when
a building is constructed and during its life
cycle. Using BIM it is possible to measure
geometry, geographic information, spatial
relationships, quantities and properties of
building components. Three-dimensional
(3D) modelling is often used with time

1.4.1 PLANNING AND PROCUREMENT




aspects (4D) and calculations taken into
account. Computer systems are available
where building owners, architects, building
consultants and entrepreneurs can input
energy use, life-cycle analysis and ecological
aspects as part of the planning process.

In Germany, the computer model
LEGEP has been developed. This tool for
integrated life-cycle analysis supports plan-
ning teams in the design, construction,
quantity surveying and evaluation of new
or existing buildings or building products.
The LEGEP database contains a descrip-
tion of all elements of a building. All infor-
mation is structured along life-cycle phas-
es, construction, maintenance, operation
(cleaning), refurbishment and demolition.
LEGEP establishes: (i) building costs, (ii)
life-cycle costs (construction, maintenance,
refurbishment and demolition), (iii) energy
needs for heating, hot water, electricity,
etc., and (iv) environmental impact and
resource consumption (detailed material
input and waste). LEGEP uses four soft-
ware tools, each with its own database that
can simultaneously calculate energy and
resource consumption during the building
phase, and energy consumption during the
use phase. There is an attempt to develop a
model to measure the health effects of time
spent in a building.

Impact Assessment

An impact assessment is when the conse-
quences of one or more proposals are com-
pared for various special interest groups. They
can be used as a basis for making decisions.
In his book Sam#éd (Consultation), Or-
jan Wikforss (1984) compares two alterna-
tive proposals for a road crossing, one with
a tunnel (see illustration below), as follows:

1 Consequences for special interests:

Environmental and ecological: noise, air
quality, ground and building vibration,
impact on nature (e.g. trees in the boule-
vard), energy consumption, medical and
psychological effects on the individual.

I HEALTHY BUILDINGS ‘ I.4. IMPLEMENTATION | I1.4.1 PLANNING AND PROCUREMENT

Aesthetic. the townscape as a whole, local
environment, design of the tunnel, de-
sign of the roadways, ramps, signs, rail-
ings, landscaping and trees.

Social. which groups are prioritized
and for which groups is the proposal
disadvantageous?

Demographic: will the area become more
or less attractive to various groups and is
the pattern of relocation affected?

Technical: road construction, tunnel, wa-
ter and sewage, groundwater, lighting,
and the connection in old buildings be-
tween vibration, groundwater and timber
piles.

Economic: national economic costs; state,
municipal (highways department, park
administration) and individual invest-
ment costs; operational costs; capital
costs (fixed and variable).

Implementation: what will happen during
the construction phase, how will vehicle
traffic function, pedestrian and bicycle
traffic, commerce, etc.?

Organizational: general planning, proj-
ect planning, construction, inspection,
operation and maintenance, and super-
vision.

Legal changed property borders and

compensation.
Cultural: is the way of life affected?

Political: what are the implications of the
proposal for different voter groups, is the
proposal in agreement with overall plan-
ning goals, and what opinions are there?

2 Consequences for various groups:

Motorists: local traffic, through traffic,
speed, safety, comfort, costs and parking.

Pedestrians and cyclists. cross-route to town
centre, along roadways, speed, safety, com-
fort, costs, noise, air quality, journey expe-
rience, children, the elderly, people with
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disabilities and ‘walking through tunnels
at night’.

Housing: beside roadways, slightly re-
moved from roadways, noise, air qual-
ity, accidents, accessibility, ‘is it possible
to have the windows open during the
day and/or night?’, ‘will a person be dis-
turbed when outside?’, play opportuni-
ties for children, the local environment
for adults, and the effect of distance (for
bus access, parking, commerce, other ser-
vices, playgrounds and parks).

Comparison between two renewal proposals.

Source: Samrad, Orjan Wikforss, 1984

Commerce: does the situation change for
businesses (more or fewer customers)?,
access to distributors, accessibility for
customers arriving by car, and the work
environment for employees.

Contracting Alternatives

It is important to know what division of re-
sponsibilities applies to different contract-
ing alternatives. Otherwise, environmental
goals can easily disappear during the build-
ing process. Traditional contracting forms
are used less and less. It is important to
know that written agreements always take
legal precedence over drawings. Where
there are multiple contractors, the pur-
chaser negotiates various subcontracts for
construction, heating, ventilation and sani-
tation, and electrical work. The purchaser
is responsible for coordinating the various
contractors, if this responsibility isn’t dele-
gated to one of them. This type of contract-
ing requires knowledge of the construction
industry and familiarity with leading con-
struction projects.

When there is a general contract, the
building contractor is often appointed as
the general contractor. A contract is signed
by the buyer and general contractor, who
then puts the subcontracts out to tender.
The buyer supplies drawings and instruc-
tions and is responsible for coordinating the
consultants. The general contractor has re-
sponsibility for coordinating the construc-
tion.

A turnkey contract is when the buyer gives
responsibility for both planning and con-
struction to a single contractor, who is then
called a turnkey contractor. Turnkey con-
tractors either use subcontractors or have
their own specialized departments, and
have great flexibility in their decision mak-
ing. A buyer needs to be well qualified to
work with a turnkey contractor and be able
to get what they want. In a guided turnkey
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contract, the buyer controls certain speci-
fied aspects of the contract.

Partnering is a relatively new form of
planning and procurement. In partnering
projects all involved (owners, clients, con-
sultants, entrepreneurs, installers, etc.) co-
operate flexibly together at an early stage.
There is an openness towards each other
and an attitude of trust. Risks, solutions
and economics are presented in a transpar-
ent manner. The participants together set
the goals that they will jointly work to-
wards. Environmental issues are included
at the outset. Partnering is best suited for
complex projects.

Procurement for a particular function, as
the term indicates, is a type of procurement
where a particular function in the finished
building is ensured. Environmental re-
quirements can be set for procurement for
a particular function if they are made at an
early stage, and if there is follow-up to en-
sure they are met.

Tendering Procedure

An invitation to tender is issued; contrac-
tors then calculate their bid. During the
tendering period, the buyer should be avail-
able to provide any clarification requested.
This can be handled by the architect or
consultant concerned. It is important to
understand what a tender covers. A contrac-
tor may include some extra compensation
clauses. Anything that is unclear should be
clarified during negotiation with the con-
tractor and this should be documented in
a tendering record that serves as a basis for
final choice of contractor and for commis-
sioning the work. Changes should be in-
corporated into the document as otherwise
problems can occur.

Soft parameters such as the ethics, mor-
als and overall competence of a construc-
tion company may be taken into account in
the tendering process. Questions to help
make a decision can be put to the various
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contractors, e.g. concerning quality assur-
ance systems, environmental management
systems, references, implementation plans,
company organization, competence and
rating. Using this information, the tender
amount can be multiplied by a factor, e.g.
from 0.9 to 1.1, in order to fairly compare
different tenders.

Inspection

Once a building is finished, a final inspec-
tion should take place and a request for fi-
nal approval is made to the local building
authority. The inspection document should
include: date of inspection, name of inspec-
tor, names of those present, an attached
list of any problems noted, a statement on
whether or not the project is approved and
if necessary, an agreement on rectifying
problems.

Handover

Handover to an environmentally responsible
building management should take place care-
fully: for example there should be simple and
clear operational and maintenance instruc-
tions. Environmental certifications for mate-
rials and products used should be included.

Operating Instructions

Building management includes establishing
and maintaining good contact and com-
munications with the occupants. To help
users become familiar with the materials
and technical systems, all related informa-
tion should be kept in a binder. If there are
systems that are affected by the occupants,
it is all the more important that they are fa-
miliar with the system and materials, and
also the history of the building if it isn’t a

new construction.

Feedback

Follow-up from a building project, includ-
ing occupants’ experience, is an important
aspect that is unfortunately often omitted.
Follow-up should be included in quality
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control. Examples of issues that should be ¢ What experiences should inform future
discussed at follow-up meetings are: projects?

* Have the project’s environmental re- * What experience was gained from work-
quirements and goals been met? ing across specialist boundaries?

* What changes/deviations have been made  * How did handover to environmentally
and why? oriented management work out?

Envirenmental management

.. Company A
—————— Company B
Imple- S T~ Qually
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Drganlzation Competence
When they move into a building, occupants
receive a binder containing descriptions of mate-
rials and systems.

A method for comparing tenders based on multiplying the tender amount
by a factor dependent on soft parameters.

Source: SIAB Source: JM Bygg
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1.4.2| Economics

The economics of building are not simple. A high initial price may mean low
long-term costs, or just the opposite. There are construction costs, operating
costs, maintenance costs and life-cycle costs. Often it is simple and expedient
to build with a smart layout that is space-efficient and compact. However, there
is a difference between price and cost. It is best to build during a recession

and to be a good negotiator.

Construction Costs

Construction costs include materials, salaries
and other contracting costs such as trans-
portation and use of machinery. Included in
owner costs are the price of land, project de-
sign, municipal fees and insurance, as well as
capital costs during the construction phase.
Between 1995 and 2004, the cost for build-
ing materials increased by just over 17 per
cent, which is more than for other industrial
goods. Widening the market and investigat-
ing possibilities for importing building mate-
rials may be a way of keeping costs down. In
the last 15 years, the salaries of construction
workers have increased by more than infla-
tion and the salaries of other groups. Why
is that so? A lack of competition throughout
the entire construction sector affects the cost
of both work and materials. In order to build
sustainable and healthy buildings, time to
plan and organize an efficient construction
process is necessary.

The Difference Between Price
and Cost

An important aspect that must be considered
is the difference between prices and costs.
Costs can usually be calculated using methods
based on statistics and personal experience.
Prices are something totally different, and de-
pend a lot on supply and demand, but also
on whether there is, in practice, free competi-
tion. Price is something that can be negotiated
until an agreement is signed and includes the
contractor’s profit. For an owner, it is most
profitable to build during a recession.

Taxes and Fees

Half of costs are not really actual construction
costs, but taxes and fees such as value added
tax (VAT) and connection charges, as well as
the cost of the site. Overall, taxes amount to
about 40 per cent of total construction costs
(including VAT, which accounts for one-
fifth of total costs) depending on whether
tax is levied on new builds or not. Munici-
pal costs vary greatly between councils. Land
prices in large urban centres in many coun-
tries have increased by 200 per cent in 17
years. Municipalites charge what they can
for their land, which can make it difficult to

build homes at a reasonable price.

Operating Costs

Operating costs cover heating, electricity,
water and waste disposal, as well as caretak-
ing, administration, staff and cleaning; in ad-
dition to taxes. Such costs are greatly reduced
by constructing resource-efficient buildings.

I
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Division of construc-
tion costs according to
the National Board of
Housing’s Construc-
tion Costs Forum Proj-
ect Manager, Sonny
Modig.

Source: Arkitekten, 4/2002
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Total annual costs for
a building, including
capital costs,
operational and
maintenance costs.

Capital cosis

45%

=

Capital costs
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Maintenance Costs

Maintenance costs depend on how well a
building is built, how durable the materi-
als are and how long the life of the differ-
ent parts is. A high-quality building has
lower maintenance costs. Long-term costs
are affected by the amount of maintenance
required for a product to work in the long
term and actual maintenance costs. It is im-
portant to choose products that have main-
tenance requirements as simple and inex-
pensive as possible, even though the price
is often higher than for similar products
intended for the same use. Investment costs
usually comprise only about 10 per cent
of the total costs of a building calculated
over a life of about 50 years, and running
costs make up the remaining 90 per cent.
So there is great potential for reducing total
costs over a 50-year period by using prod-
ucts of high quality and long-term durabil-
ity, regardless of high initial cost.

Life-Cycle Costs

Choosing products with low life-cycle costs
(LCC), instead of just choosing the cheap-
est, means that technical options with
a higher purchase price can prove to be

Maintenance costs 15%

Fuel and heating costs

Maintenance costs

Operating coslts
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Maintenance
16%

Fuel 29%

Water and
sewage 16%

Adminis-
tration

10%

Real-
eslate
faxes 3

70,
o

Division of average operating costs for all SABO
homes in 1986.

Source: SABO

economically favourable and provide low-
er long-term operating and management
costs. Life-cycle costs include not only
construction costs but also heat, electricity,
water and sewage, waste disposal, cleaning,
maintenance and repairs, as well as man-
agement costs for staff, administration, etc.
Real-estate taxes are also included in LCC.

Construction and running costs should
not be reduced by lowering quality. Dur-
ing the Million Programme in Sweden,
up to 100,000 new homes were built per
year over a ten-year period from 1965 to
1975. It is estimated that 20-25 per cent
of these homes were built at a low price and
with a relatively low technical quality and
standard. The life of these homes has been
less than 30 years and a large proportion of
them require extensive renovation and re-
furbishment, greater than would have been
the case if long-term, durable options had
been chosen at the start.

Building Efficiently

A building not designed for long-term use,
fit for purpose, is expensive to manage in
the long run, even if it was inexpensive
to put up. Reducing investment costs for
homes by cutting back on interior design




Calculation of Total Cost

Reguirements

Total costs during the building's life-time (30 years)

Description (uantity Purchase price | Replacement cosis| Maintenance costs| Cleaning costs Total costs
Wall to wall carpet 4,000 m* 2,000,000 5,832,000 3,056,000 6,148,000 17,056,000
Linoleum 4,000 m* 2,400,000 2,644,000 2,460,000 5,536,000 13,040,000

Choice of flooring and cost determination should take into account total expenses during the lifetime of the building.

Source: Brochure from Forshaga linoleum

and equipment, or by reducing room size so
that furniture placement, flexibility, accessi-
bility and usability are compromised, limits
possibilities for using the home for varied
housing needs at different points in the
future. Appropriate and flexible systems,
well-designed housing environments and
access to good services and good communi-
cations increase a home’s longevity, reduce
long-term costs, lower resource consump-
tion and so reduce environmental impact.

Building efficiently often involves in-
creased industrialization, which means stan-
dardization of technical building systems,
greater efficiency on site, and an increased
proportion of prefabricated elements. Use
of prefabricated units can reduce construc-
tion costs by 1025 per cent and shorten
construction time by 20-50 per cent. It is
easier to build healthy homes as the units are
built indoors under dry conditions and ev-
erything can quickly be made weathertight.
A constraint to consider is the size of the
lorries used. For up to 24m long and 2.6m
wide transport trucks no special measures
are required. For longer and wider trucks,
marking, and sometimes warning vehicles,
manoeuvrable axles and an escort may be re-
quired. It is always the driver’s responsibility
to make sure that the vehicle can get through
when the shipment is more than 4.5m tall.

Some walls and floor structures are
thicker than when building on site. Risks
with volume production are that the build-
ings can suit the site and the surrounding
environment less well and that the designs
become monotonous.

Self-Building and Partial
Self-Building

Partial self-building means that the future
users contribute their own labour in order
to keep costs down. The amount of work
is limited and is directed by the contractor
with regard to both choice of materials and
knowledge. The schedule incorporates the
future occupant’s labour so that it fits into
the rest of the building process. What often
happens is that an unfinished building is
turned over to the owner, who chooses how
much of the remaining work they will carry
out themselves.

Self-building is a term used by SMAA
(the Small Building Department of the
Stockholm City Real Estate Office). They
have helped self-builders build their own
homes since they opened in the 1920s.
SMAA has obtained land and provided pre-
fabricated materials and instructors. Help
has been available for planning and admin-
istration of e.g. building permits, loans,
schedules and keeping the project within its
budget. Using contractors, SMAA has car-
ried out all the landscaping and foundation
work, installation of heating, electricity,
water and sanitation systems, as well as de-
livery of outside framework. SMAA is now
a limited liability company owned by the
JM company, the Swedish National Associ-
ation of Tenants, Savings and Building So-
cieties (HSB) and the staff. Up to €15,000
can be saved through the owner’s labour
contribution.
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HOW BIG
AND HOW MUCH?

Limiting size, com-
pact building design,
simple building struc-
ture and building
efficiently are ways
to reduce building
costs.

Source: Okologische
Baukompetenz, H. R.
Preisig, W. Dubach, U.
Kasser and K. Viridén,
ZUrich, 1999
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Two-room flat

Three-room flat
for 1-3 people,
59 m2,

Two-room flat
for 1—2 people,
48 m2,

{| for 1-2 people,
59 m2.

6.96

9.98

5.36

Design by BoKlok-hus (Live-Smart Flats), a concept run by IKEA and Skanska. The buildings have six
flats on each of two floors. The idea is to provide a high standard at a low monthly cost. Both rental flats
and cooperatively owned flats are being built. Part of the concept is to purchase land when prices are
low. Residents must help take care of the buildings, courtyards and gardens.

Bank Loan

In some countries, such as Germany,
there is a well-thought-out system for
bank loans intended to help those that
want to build in an environmentally
friendly manner. Since an ecologically
oriented building is very energy effi-
cient and it is assumed that the building
will be valued highly many years into
the future, banks guarantee a low inter-
est rate and it is possible to borrow up to
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95 per cent of investment costs. In Germa-
ny there is a federal bank that guarantees
a 10 year last mortgage loan (5 per cent
of the total loan) at a fixed interest rate.
Further, the ability to make monthly pay-
ments is not the only concern when con-
sidering borrowing capacity.

In Austria subsidies are generous. In the
federal state of Voralberg, passive-house
builders get one quarter of the loan without
interest.




1.4.3| The Construction Site

It makes a big difference if construction workers are interested in and under-
stand environmental building. It is important to avoid moisture problems by
handling materials in the correct manner, storing them in a dry place, and
adhering to drying times. Time estimates should be on the high side to avoid
carelessness. Coordination between trades on site is important for keeping
problems to a minimum. In addition, waste should be minimized and there

should be on-site sorting of waste.

Quality Assurance

The proprietor of a building is responsi-
ble for the technical side of construction
(and also for the impact of construction
materials on people and the environ-
ment). It is the proprietor who appoints
one or more people to be responsible for
the quality of the construction project.
Those responsible for quality assurance
verify the quality of the work and collate
checklists of work carried out. Informa-
tion about who is responsible for quality
assurance and a building application must
be submitted to the municipality before
work can begin. When working with an
inspection plan and a person responsible
for quality assurance, the final inspection
is a formality where the inspection reports
are submitted showing that inspection has
taken place according to specification and
work has been approved. The types of
inspections required depend on the nature
of the project and the type of quality as-
surance system used. The better the qual-
ity assurance routines, the fewer inspec-
tions required. The person responsible for
quality assurance sends reports to the local
housing authority and after all the reports
have been received, final certification is is-

sued and the building is approved.

Construction Site Meetings

Environmental issues should be raised at ev-
ery construction site meeting so that there
is a continual monitoring of environmental
goals. If something changes, it is evaluated
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and decided upon. It is good practice to
keep an environmental logbook to docu-
ment decisions changed during the con-
struction period that may have an environ-
mental impact. The environmental logbook

should be maintained throughout the life of
the building.

Protection of Surroundings

In order to adapt buildings to their sur-
roundings, decisions should be made dur-
ing the planning phase about what should
be protected and preserved. The site should
be divided into a fenced-in area, where con-
struction activity is not allowed, and an area
where construction activity is allowed. The
ground on a construction site often gets so
compressed that it is difficult for vegetation
to establish itself. It is possible to either lay a
protective layer of gravel in advance, which is
removed after the building is completed, or to
treat the top layer of ground once the build-
ing is completed. It is also possible to mix
gravel into the earth to restore the ground’s
original drainage characteristics. Individual
trees earmarked for preservation should be
well protected and penalties should be estab-
lished so that the customer receives economic
compensation if they are damaged.

Managing Materials

Materials management at the construction
site must be examined. Materials should
be stored in a dry place, preferably under
cover. Even when materials without an
environmental profile arrive during the build-
ing process, they should be examined from an
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environmental perspective. In some projects,

all building takes place under a large tent.

Clean Building

It is important to keep the entire construc-
tion site clean and dry. It is also important
to avoid building-in waste and materials
into suspended foundations and under fit-
ted cupboards, etc.

Construction Moisture

Buildings are often put up quickly and fans
used to attempt to remove building mois-
ture, which isn’t always successful. Poorly
constructed buildings often have damp and
mould problems caused by covering ground
slab foundations with insulation, inappro-
priate or faulty drainage, flat roofs that leak,
built-in concrete that hasn’t dried out, leak-
ing water pipes, poorly ventilated suspend-
ed foundations, wooden exterior wall sills
without moisture barriers, wetrooms with
plastic wallpaper and painted fibreglass fab-
ric, as well as faulty construction techniques
and thermal bridges with moisture (con-
densation). Improperly stored insulation
material exposed to snow and rain during
construction without the opportunity to
dry out can also cause damp problems.
Some materials, such as concrete, require
long drying times. How fast concrete dries is
affected by the thickness and quality of the
concrete, the addition of drying agents, as
well as whether one or both sides need to dry.

Diver| water

Moisture is a problem that must be at-
tended to on site. Materials should be
stored in the dry. The building should be
protected from weather and wind. It is
best to erect the roof first, then clad the
walls. It is advantageous if exhaust air
and heating systems are started as soon
as possible.

Source: JM Bygg

The drying process involves a combination
of ventilation, heat, dehumidification and air
circulation. Drying times can be reduced by
using prefabricated construction parts pre-
dried under controlled factory conditions.

The moisture content of some building
materials must be reduced to a certain moisture
level before it is safe to continue. The maxi-
mum relative moisture content of underlying
concrete prior to the application of outer cover-
ings such as carpets, paint and waterproof lay-
ers should not exceed 85 per cent. This means
that moisture content must be checked in both
floor structures and walls. Furthermore, critical
moisture limits should be given for moisture-
sensitive materials, such as glue and sealing
compounds. If these limits are less than 85
per cent, surface layers cannot be applied at a
higher relative moisture content.

The moisture content of timber is com-
monly referred to as the moisture content
ratio, and is the ratio between the weight
of water in the wood and the dry weight
of the wood itself. The moisture content is
often given as a percentage. Air-dried tim-
ber should have a moisture content of 18
per cent. A solid wood floor should have a
moisture content between 10 and 12 per
cent, and dry furniture wood should have
a moisture content of 8-9 per cent. A solid
wood floor should be allowed to dry in situ
before being fastened down. If removable
skirting boards are fitted, it is easy to gain
access to the floor and fill any gaps.

Ereci tha roat first!

Start ventifatan and heating systems

2 I 6 I HEALTHY BUILDINGS ‘ 1.4 IMPLEMENTATION | 1.4.3 THE CONSTRUCTION SITE




i

months

Examples of drying times.

Source: Hall torrt pa bygget, BFR, 1987

Monitoring Moisture

A system for monitoring moisture should be
prepared and included in the quality assur-
ance plan. The moisture content in floors,
walls and ceilings should be measured, espe-
cially if concrete and wood have been used.
Two complementary methods of measuring
concrete should be used: embedded moni-
toring points connected to computer equip-
ment as well as extracted drill cores sent to
a laboratory. When glues, varnishes and
sealants are used, information should be
provided by the supplier about the critical
moisture level that should not be exceeded
for construction to continue without risk.

Floor Laying

Floor should be laid as late as possible in the
building process in order to minimize the risk
of wear and damage. It is of the utmost im-
portance to cover the floor carefully during
the building phase. Before covering the floor,
all dust, powder and refuse should be cleaned
off. The protective material used to cover
wood or laminate flooring must be breathable
as there may still be moisture in the underlay.
Inappropriate or faulty cleaning can damage a
floor’s appearance and function.
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Construction Waste

Good planning for the use of materials
prevents waste products. A method used
more and more is ready-made material,
e.g. flooring pre-cut to the right size. Any
waste products that do occur should be
sorted. Sorting of construction waste makes
it possible to reuse construction materials,
reduce disposal costs and deal with hazard-
ous waste.

Waste Sorting

Every building site should have a system
for waste sorting and a person responsible
for implementing it. The aim is to mini-
mize the amount of mixed waste and in-
crease recycling. The waste should be at
least sorted into the following fractions:
wood, plastic, metal, gypsum, burnable,
fillers and mixed waste. Hazardous, electric
and electronic equipment waste should be
handled separately. The contractor should
ensure that waste sorting is implemented.
Each site should have enough waste con-
tainers that can be moved to larger collec-
tion bins when full. Bins and skips should
be sited so that transport is as short and
uncomplicated as possible. No one should
have to take a detour to sort waste. Con-
struction sites can be cramped, e.g. in the
town centre, and land for bins and skips
can be expensive to rent. It can sometimes
be more practical to use smaller bins for
construction waste collection.

Paint Management

Cleaning paintbrushes and other painting
tools is an environmental problem. Every
year large amounts of paint from washing
brushes end up in the sewage system. Sew-
age treatment plants have a difficult time
dealing with waterborne paint, and there is
a risk of polluting lakes and watercourses.
Equipment for dealing with leftover paint
is available, as are bins and containers for
depositing paintbrush washing liquid. The
polluted water can be mixed with separators
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Service ducts can

be plugged during
transport so that they
do not become dirty

before use.
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(bauxite), and after a few minutes the paint Cleaning tools. A separator (bauxite)
is poured into the tank.

forms clumps that can be filtered out. About
80-90 per cent of paint can be removed us-
ing this simple method.

The Ragnsells company has developed
a method called KRYO that can be used to
recycle paint packaging and oil filters us-
ing four steps. First, the waste is collected
in separate receptacles for hazardous waste.

The waste is then transported to a KRYO

facility where filters and paint containers Washing e
<. . tank with' §
are divided under extremely cold condi- i
agitator

tions (—180°C). Paint and oil are then Filter basket where separated
dh | and plasti d the f paint collects. 80-90% purified
sorted from metal and plastic and the frac- water goes into the sewage system.
tions can be recovered for recycling. Paint,
oil and filter wastes are treated for energy ~ The paint company Beckers’s wash cart with a
d li d h | paint separator provides an on-site solution for
recovery, and metal 1s returned to the stee the environmental problems arising when paint-

industry. brushes are washed. The cart was developed by
master painter Alf Karlsson.

Solitt wood waste products are
uwsad 1o produces anesrgy

Tha waste is often first made
nlo chips, which ara used

as gl

Freon s coliecied from refiosnt
fors and freszers

= ANGEs 35 well
a1 metal Wastes meled
mace into new products.

15 Cleaned
& new instlation
mierial

Gymsurm washe |5 used o rmake

stim asterboard

Conorete, brick, e and mortar
weaste is erushad and used as

2.0, road agaregate, Bnok s uften
cruahed n & crushar nght at ihe
constrietion i,

Mixed waste products Wat camiol
e recycled or burned and that arg
not 'FI\.'IrL‘,l'II'IIE‘I'HaII'r' hazardous arg
transpored 1o kandfill, Different
miethods are tsed for fandfils, it

gingly comman to sorl the
|0 soime degree i order to
2 a5 much os possilie,

Emvirarmeantally
Is taken lo speclal
2.0, salvants,

the dangerous compo
combustad at exremaly high
tEmperalures

Construction waste should be sorted on site. In SIAB’s sorting system, waste is separated into the following categories:
wood; appliances; metal; mineral wool; gypsum; concrete, brick, tile and mortar; mixed refuse; and hazardous waste.

2 I 8 I HEALTHY BUILDINGS | 1.4 IMPLEMENTATION | I1.4.3 THE CONSTRUCTION SITE




1.4.4| Recycling Construction Materials

The aim should be to find a market for used construction materials and con-
struction waste through reuse or material recovery, as well as to sort other
material according to local regulations. Local requirements for recycling of con-
struction materials must be determined at the time of demolition or construc-
tion. It is preferable to handle materials locally in order to minimize transport.
There are companies that specialize in planning building demolitions so that
as much as possible can be reused. It is of course best to plan for demolition
during a building’s planning phase.

Planning Demolition

Prior to demolition, an inventory of the ma-
terials in a building is made. An estimate is
made of the volume of material, its composi-
tion and separability. This provides an esti-
mate of the profitability of demolition as it is
used as a basis for judging the marketability
and price level of the material. Planning de-
molition involves developing a foundation
upon which carrying out the work and man-
aging the materials is based. An object’s spe-
cial qualities must serve as the starting point

o . For removal of floor boards, wallboards and tongue-and-groove ceiling
for determlnlng the demolition method and boards, there is a special-purpose crowbar available that allows a lot

sequence, deciding how to deal with the ma-  of force to be used without damaging the boards. These crowbars are

. . .. . available in different sizes to suit various types of timber.
terials on site, organizing the site, as well as

handlin g demolition materials. Source: Rivningshandboken-Planering Demonteringsmetoder Verktyg, Johanna
Persson-Engberg, Lotta Sigfrid, Mats Torring, 1999

Landhil plke

s07iing raciity

The fundamental idea is that con-
struction waste should be sorted
into five categories: hazardous
waste that is destroyed, leftover
construction material to be sent to
scrapyards for reuse, construction
material that is recycled and made
into new construction material,
material used for energy extraction
and finally material that is disposed
of in landfill sites.

hew construction matenals
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Selective Dismantling

Development of selective dismantling is in
its initial phase and so tested dismantling
methods are not yet available for all types
of building structures. The purpose of reg-
ulations for the inspection and control of
demolition work is primarily to make sure
that waste is handled and processed so as to
protect the environment. Another purpose
is to allow for reuse and recovery of demo-
lition material. The laws involved when a

Built 1901-1920

Other 13% oteel &% gravelfsand 2%

Plaster 5%

Ceramic
material 33%

Built 1981-1590

Gypsum plasterboard 2%  Gravel/sand 1%

Plaster 1%
Other 3%\ / /7 Lightweight
concrete 7%
Cerarmic
material 5%

Wood 2%

oncrete 79%

When demolition building material is to be re-
cycled, it is important to know what materials are
in the buildings that will be torn down.

Source: Byggmaterial pa 1900-talet, RVF 92:12, Lotta
Sigfrid

building or facility is torn down include
the Environmental Code, the Planning and
Building Act, as well as the Occupational
Safety and Health Act. There is also a spe-
cific ruling concerning hazardous waste
with regulations for transport, intermediate
storage and handling.

Detailed Demolition Plan

When an application for demolition is re-
quired, a detailed plan for dealing with the
demolition waste must be included. Accord-
ing to the Planning and Building Act, when
an owner draws up a demolition plan, an
individual responsible for quality assurance
must be appointed. The following informa-
tion should be included in the demolition
plan: (i) methods for identifying hazardous
substances and hazardous waste; (ii) work
methods and protective measures to be tak-
en during the removal of hazardous materi-
als; (iii) how to sort, handle and transport
all hazardous materials and products as well
as how to deposit the waste; (iv) demolition
methods for and management of building
elements that can be reclaimed, and for
construction material that becomes waste
and needs to be dealt with by materials re-
covery, incineration or delivery to a landfill
site; (v) protective measures and methods
for extermination of vermin, insects that
destroy timber, and dry rot fungus of the
Serpula family.

Reuse and Recycling of
Construction Materials

County councils have information about
which fill materials may be used where, as
well as information about authorization for
and management of various materials. Mu-
nicipal waste advisers or local scrapyard staff
have information on recycling. The follow-
ing information comes primarily from “Tips
for Increased Recycling — Waste Products
from Construction and Demolition’, (in
Swedish only, original title 7ips for Okad
dtervinning — Restprodukter fran bygg- och
rivningsverksamber) by Lotta Sigfrid.
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Concrete from whole concrete elements
can be reused. The concrete can be crushed
to separate fractionated ballast material,
and can be used as filler once reinforcement
is removed. The landowner can use the
material as filler with permission from the
county council. Reinforcement removed
from concrete can be melted down and
made into new reinforcement.

Cellular plastic in insulation that contains
chlorofluorocarbons (CFCs) is classified
as hazardous waste. (i) Entire construc-
tion elements or sheets can be reused. (ii)
Cellular plastic can be recovered. Contact
the appropriate plastic information au-
thority regarding possibilities. (iii) Cellu-
lar plastic may be incinerated in licensed
facilities. Expanded polystyrene (EPS)
without CFCs, which is a totally white cel-
lular plastic (styrofoam), can be recycled.

Kitchen sinks and taps should, if possible,
be reused. Metal kitchen sinks can be taken
to scrapyards for materials recovery.

Doors should be reused in their entirety
complete with frames. Metal doors can be

Water and starch

sent for materials recovery and wooden doors
can be incinerated for energy extraction.

Windows (i) Used windows should be reused.
(ii) There is a market for old window glass.
(iii) Glass can be sent for materials recovery.
(iv) Wooden window frames, including glass,
can be incinerated in licensed facilities.

Gypsum (i) Plasterboard dismantled in
whole sheets can be reused. (i) Gypsum
recycling takes place at gypsum production
plants. (iii) Crushed gypsum may be used
as agricultural sulphur-based fertilizer. (iv)
Gypsum is sometimes mixed with mineral
mass as fill material.

Whole tiles and expanded clay slabs have
a second-hand value and should be reused.
Prior to demolition, the possibility of remov-
ing tiles and expanded clay without breaking
them should be assessed. Removal without
breakage depends, among other things, on
the kind of mortar used. Tile and expanded
clay may be included in concrete mass when
the material is recycled into fractionated
ballast material, and they are sometimes per-
missible ingredients in ballast material.

— Sorting

Power station

Crushing

LOvernng
Mckse barmier
ki hills
Fertilizes
SOM improvemant

Several producers of construction material arrange recycling systems in order to make their produc-
tion more environmentally acceptable. Pure gypsum plasterboard is made from gypsum recovered from

leftovers and demolitions.

Source: adapted from a Gyproc brochure
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Copper is found on roofs, fagades, as sheet
metal, water pipes, drainpipes and cables.
Copper is also a component in the alloy
brass. Copper has a high second-hand value

and is sent for metal recovery.

Linoleum (i) Linoleum flooring that has
not been glued down should be reused if
possible. (ii) Linoleum mats can be inciner-
ated in licensed facilities.

Lightweight concrete in whole block form
can be reused if it does not emit radon. It
can be made into fractionated ballast mate-
rial. Lightweight concrete may be used as
filler, but it is not suitable for use near har-
bours since it floats.

Used mineral wool should not contain
mould spores, pollutants, allergens, infec-
tious matter, etc. (i) Whole mineral wool bats
can be reused. (ii) Some recycling of mineral
wool takes place in factories that produce new
mineral wool. (iii) Mineral wool can, if the
quality is good, be recycled in bulk form.

Mineral wool in the form of fibreglass
may be made from 70 per cent recycled
glass. About 10 per cent of the glass wool is
made from recycled leftovers. Less energy is
required to melt crushed glass than to melt
new raw material.

Plastic (i) Plastic mats that have not been
glued down should be reused if possible.
(ii) Plastic pipes and plastic mats (most
often newer material) are in some cases

The various fractions of crushed concrete can be
sorted according to size.

taken for recycling by producers. (iii) Plas-
tic material may be incinerated in licensed
facilities.

Radiators (i) Sheet metal or iron radiators
should be reused if they are deemed to be
intact. (ii) Radiators can be taken to scrap
dealers. Their value depends on prevailing
metal prices.

Pipes and cables as well as scrap metal are
taken to scrap dealers. Alternatively, cables
are sent directly for cable recycling. County
councils have information on facilities li-
censed to receive and deal with waste met-

als and cables.

Sanitary porcelain and fixtures should, if
possible, be reused. Crushed sanitary por-

celain is sometimes permissible for use as

filler.

Whole chipboards and veneered boards
can be reused, and chipboard can be incin-
erated in licensed facilities.

Whole stone blocks and slabs can be re-
used. The amount of natural stone usually
comprises a small portion of total demoli-
tion material. Stone is salvaged when the
second-hand price makes it worthwhile. It
can also be used for fractionated ballast ma-
terial or as filler.

Whole bricks can be reused. Whole roof
tiles should be reused. Crushed brick can be
used for fractionated ballast material, and
brick can be used as filler. For brick to be
reusable it has to be dismantled so that it
isn’t damaged, then sorted and packed so
that it is transportable at the demolition site.
Manual dismantling and cleaning of brick
(with small hand-held machines) is techni-
cally possible even on a large scale, provided
that the dismantled wall was made with
lime mortar. Manual production of reus-
able brick, from dismantling to stacking on
pallets, can be carried out at a rate of about
25-30 bricks per person-hour, and is done
with a brick hammer, wire brush and metal
screens. Brick cleaning machines, which can
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save time, should be used if available. Bricks
are sorted according to quality, colour, size
and intended use (wall, fagade or chimney
brick). Even if the brick will be used as filler
or gravel, the fractions should be kept un-
contaminated by other materials. Landown-
ers can use the material as filler with permis-
sion from the council. Used chimney brick
cannot be used again in chimneys as the
quality is usually reduced by wear.

Timber generates a large amount of wood-
based waste during both new construction
(packaging) and demolition (timber). If the
frame of a building scheduled for demoli-
tion is made of wood, it pays to dismantle
selectively. (i) Permanent and loose wood
carpentry work should be reused if possible.
(ii) Wooden floor boards and construction
timber, e.g. roof trusses, can be reused once
nails have been removed and they are sawn
up. (iii) Untreated wood can be burned for
energy extraction. (iv) Painted or impreg-
nated wood can only be burned in licensed
facilities. Timber tainted by vermin, dry rot
or mould is not suitable for reuse.

Appliances should be reused if possible. It
can, however, be better to scrap them than
to reuse appliances that consume a lot of
energy. Most appliances can be sent for ma-
terials recovery.

Zinc is found in zinc sheeting, zinc galva-
nized metal and older kitchen sinks. Zinc is
sorted and sent for metal recovery.

Reuse of Building Products

There are various ways to acquire used
building products. Second-hand dealers
often buy and sell cookers, kitchen sinks,
toilets, sinks, windows, doors, cupboards,
etc. Appliance dealers handle refrigerators,
freezers, washing machines and dishwash-
ers. Demolition dealers may stock most
products, but deal primarily with toilets,
sinks, timber, roof tiles, stoves and ward-
robes. Antique shops are beginning to buy
and sell building products, usually older

I HEALTHY BUILDINGS

products for building restoration. Building
products can also be found in the growing
internet marketplace.

Used Building Materials

To make efficient use of used building ma-
terials, it is important to know which mate-
rials are available and which are in demand.
Searchable databases are an efficient way for
sellers and buyers to contact each other and
nationwide databases may be set up, where
information can be added before a building
is dismantled.

The Recycled Building

The advantages of recycling building ma-
terials are that resources are conserved and
waste is avoided. In the construction sec-
tor, the attitude towards recycling building
materials is overwhelmingly positive. There
is, however, scepticism about the eco-
nomic feasibility of large-scale building of
residences using recycled materials. Finding
reusable material is seen as a problem and
there is a lack of quality standards, which
makes guarantee issues more difficult. In
order for an increase in interest in using re-
cycled materials, the following systems are
required: development of selective disman-
tling systems, quality classification of reus-
able construction material, recycled build-
ing material depots with inventoried stock,
as well as purchase systems. The time aspect
is an important factor as time-consuming
inventories of available reusable material
are currently required, which lengthens the
planning task.

Construction materials most desired
by customers are brick, wooden win-
dow frames and doors. Reused brick is
considered to be more ‘alive’ as new
brick often has a more uniform colour
and may be thought of as boring. Fur-
thermore, many people feel that older,
solid heartwood used for structural ele-
ments as well as for window frames and
doors is superior to new wood in both
quality and appearance.
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The blding on Turesen's Straet is going [ be demantied but
{he matasials will continue to be used

Duriny sehective dismantling some of 1he budding matsials ae
manialy dismantisd,

Thes rick has been clesned and sored and j& reaoy o be wsed n

The fioor baards that fave been taken up ane passed down and
7 new hullding

palhiered fogeihar with e oftier dismanfied moer.

In Denmark, they have
come a long way with
the reuse of building
materials. They use se-
lective dismantling and
have developed special
warehouses for sorted
dismantled materials.

£

Source: Adapted from Hus
igen..., Johanna Persson,
1993

» --'_i

Maills are removed from the aismantled imbear with the help ot a
inetal detectar

The Filborna recycling facility in Helsingborg,
Sweden is a good example of reusing building
materials and building parts. Many materi-

als have been reused there, including a large
glass pavilion from a building exhibition that
was taken down and moved to the facility.

Source: SWECO FFNS Architects through Per Lewis-
Jonsson and Jonas P Berglund as well as Nordvastra
Skanes Renhallnings AB. Glass pavillion designed by
Kjellander och Sjoberg
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Conservation

CLEAN AIR EMISSIONS DIRTY AIR

€0, 19,000

ENERGY
HEAT

Various resources
are required in
order to use a
building. A building
can be regarded as
a flow system. By
studying the inward
and c{utv.vard flows .‘;\Q‘ :
and finding ways to Qé A
reduce them, it is
possible to create
buildings that con-

serve resources. WATER SEWAGE

Source: Byggd Miljo,
Mauritz Glaumann,
KTH Gavle

600DS
GARBAGE

A
FLOW PER ’@Qg
PERSON Z”o%

2 CONSERVATION 225




2 Conservationlofiresources

Conservation of resources when a building is used entails minimizing the resource
flows, such as high-quality energy that is transformed to heat, clean water that

becomes sewage and products that create waste.

Heating and Cooling —

How to Build an Energy-Efficient Building
Architecture affects a building’s energy require-
ments. Its shape, type, zoning, heat storage, and
passive heating and cooling all have an effect. The
most important factor, however, is the building’s
shell, including the insulation, type of windows, and
weathertightness. Another aspect to be addressed is
heat recovery.

Waste -

How to Conserve Materials

Waste can be minimized through the choice of prod-
ucts and packaging. Construction should be planned
so that there is room to sort waste products into
separate fractions for recycling. Organic waste can
be composted, inorganic waste can be reused, and
hazardous waste can be destroyed.

Efficient Use of Electricity —

How to Make Electrically Efficient Buildings
Electricity for heating should be avoided. Household
appliances and lighting systems with the most ef-
ficient electrical technology should be used. Light-
ing should be controlled and regulated as required.
Approaches that do not require electricity should be
prioritized, e.g. daylight, cool larders and naturally
ventilated areas for drying.

Energy — How Will it be Used
and How Much?

In an energy study published in 1980 by
Thomas B. Johansson and Peter Steen en-
titled, ‘Energi — Till vad och hur mycket?
(‘Energy — How Will it be Used and How
Much?” Swedish only), the following conclu-
sion is drawn:

‘We have shown that, despite a 50 per
cent greater consumption of goods and ser-
vices just after the turn of the century, it is
possible to reduce energy consumption from
the current 400TWh/year to between 200
and 250TWh/year. The reduction could be
achieved by a much more efficient use of
energy than is currently the case through
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Clean Water —

How to Conserve Water

Water conservation measures include using water-
conserving taps, showers and toilets, properly
insulated hot water pipes and tanks, and individual
metering. Another aspect of water conservation
concerns local water resources, e.g. private wells
and rainwater, and their purification and use.

using existing economical technology and
technology under development.’

Reviewers of the study agreed that a
50 per cent reduction in energy use is
possible even with a significant growth in
consumption, but that the timeframe for
this is more than 20-25 years, and is strong-
ly dependent on future politics, both in the
energy sector and in general.

Factor 4

In the book ‘Factor Four — Doubling
Wealth, Halving Resource Use’ by Ernst von
Weizsicker, Amory B. Lovins and L. Hunter
Lovins, 1997, the authors make a case for
the following statement: ‘Factor 4 means
that productivity can and should increase
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The International Energy Agency (IEA) expects global energy demand to double by 2050.
That means more and more fossil fuels, i.e. @ coal, @ oil and ® natural gas, will be burned.
If this happens, there would be a dramatic rise in CO, emissions.

We will have to cut our carbon emissions in half by the middle of this century to prevent

the climate getting totally out of control.

The Greenpeace study Energy [R]evolution shows how this can be achieved. Saving and
more efficient use of energy can cut back consumption - without endangering the global
economy: @ Nuclear power stations will be faced out in 2030 in this scenario. By the year
2050, half the world’s primary energy requirements will be met by renewable energies,
i.e, ® biomass, ® water power, - solar, wind and ® geo-heat.

fourfold, i.e. that the value created for every
unit of resources can increase fourfold.’

In other words, we can live twice as
well while simultaneously halving re-
source consumption. The book shows
how this can be accomplished sector by
sector. Existing buildings are described
that require only one-quarter as much en-
ergy as current standard homes. There are
cars, already in production, that consume
2.5L/100km, compared to cars currently
in use that consume 10L/100km. The au-
thors examine each industry in turn and
show that Factor 4 is also applicable to in-
dustry. So it is not a question of whether
or not the technology is available, but
rather whether the will exists to change
our society to a sustainable one.

Resource Consumption in the
Construction Sector

The construction sector is one of the biggest
resource consumers. It is sometimes called the
40 per cent sector because in many countries
it consumes 40 per cent of total energy and
40 per cent of total materials. Globally, the
construction sector consumes one-quarter of
all timber and one-sixth of all clean water. As
buildings have a long life, it is especially impor-
tant to construct buildings that use resources
efficiently in operation, and to renovate exist-

ing buildings to make them more efficient.
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According to the Green-
peace study, by 2050 half
of global primary energy
demand could be
supplied by renewable
energy sources. See

www.energyblueprint.info.

Source: The Energy (R)evolu-
tion, Greenpeace, 2005
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Energy Quality

Actually, the concept of energy consump-
tion should not be discussed without
mentioning energy quality. This means,
for example, that electricity is valued about
three times higher than space heat. A conse-
quence of this is that when an electric heat
pump is being considered for home heating,
it should have a heating factor greater than
three in order for it to be worth installing
from an energy conservation point of view.
The heating factor is the relationship between
the amount of low-temperature heat that is
utilized by the heat pump and the high-quali-
ty energy required to run the heat pump. The
best home heat pumps are beginning to reach
a heating factor of about three.

Entropy describes energy quality. Energy
cannot be consumed; however, entropy can
be lost. Entropy is lost during every process
of conversion, i.e. the energy remains but it
is of a lower quality. This means that during
consumption of energy, an attempt should
be made to have as few energy conversions as
possible. For example, generating electricity
with a diesel-fuelled generator heating water
means that there is a large loss of entropy.

Exergy is a concept that connects the
amount of energy with its quality. Electric-
ity for example has a greater exergy value
than the same amount of energy in the form
of heat. This means that in principle high-
quality energy sources should never be used
for low-quality energy end uses, e.g. heating
homes to 20°C with electricity.

2 CONSERVATION

Energy Cascading

Energy cascading means to use the same
energy several times, or in other words,
to make better use of exergy. An example
is a power plant where fuel is burned to
produce steam. The steam runs a turbine
which produces electricity. The steam then
cools to hot water that can be used to heat
buildings in district heating. The paper in-
dustry provides another example where one
fuel is burned to generate high-temperature
process heat, and after the process there
is enough residual heat with a sufficiently
high temperature for it to be used for dis-
trict heating.

Individual Metering

Household energy consumption varies
considerably. It depends a lot on energy
conservation awareness. Electricity con-
sumption depends on many small things,
e.g. turning lights off when leaving a
room, how long the kitchen extractor fan
is left on and using the right size pan on
the right size cooker ring. Is the lid on the
pan, is the ring turned off before cooking
is finished in order to make use of residual
heat, is the freezer defrosted, what are the
temperatures inside fridges and freezers?
These factors all affect energy consump-
tion. A good way to increase energy con-
sumption awareness is individual meter-
ing. The meter display should be located
so that consumption is easily seen, and
rental agreements should include pay-
ment for actual consumption. It has been
shown that individual metering is the
measure that results in the greatest reduc-
tion in household electricity consumption.
Consumption habits are quite similar for
electricity, heat and water — people either
conserve or squander.




Energy Cascading

Temperature Process Product
Energy in 1000°C Electrolysis Steam Aluminium

800°C Smelting Steam Aluminium

500°C Back-pressure Steam Electricity

180°C Boiling Steam Paper pulp

100°C Drying Water Paper

50°C Ethanol distillation Water Ethanol

30°C Local heating Excess Heat

10°C Waste heat

Note: This is a hypothetical example that shows the energy cascading principle. There is an almost 90 per cent
saving compared to using 1000°C heat for local heating.

Individual metering is being introduced in new buildings. The photo shows the individual meter display,
giving energy and water cost per hour, used by the housing company Svenska Bostader in a building in
Hammarby Sjéstad, Stockholm. The display is located so that personal consumption is easily visible.

Energy Declarations

The European Union decided in 2006 that
an energy declaration carried out by certified
energy experts should be made for all build-
ings; it should provide information about
the building, the ventilation system, the hot
water system, heat distribution system, heat
production system, control and regulation
system, household electricity, operating
electricity, and show how much energy and
electricity are used in the building. The aim

Small

Once an energy
declaration has been

=\

of the declaration is to improve energy sav- carried out, a label with
ings. So proposals on how to save energy in a symbol and results
- . is placed on the build-
the building should also be included. oo ey o
— - 3 location.
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USER HABITS

For identical buildings with a mean consumption of 18,000kWh/
year, the variation in energy consumption due to user habits is
usually about 10,000kWh/year, with the lowest consumption at
15,000kWh/year and the highest at 25,000kWh/year.

Ways to try and change user habits include individual
metering of heat, hot water, cold water and electricity, as well
as a metering system where individual households pay for the

amount they consume.

Heat
Letters relate to labels on the figure opposite.

* A good room temperature is 20°C, and
18°C in bedrooms. (E)

¢ Close curtains, blinds and venetian blinds
at night, but maintain air circulation
from radiators. (A)

* Don't place furniture in front of radiators
and make sure that curtains don’t block

heaters. (J)

¢ Reduce ventilation in the winter but don’t
close it completely. (I)

* Air rooms quickly, preferably with cross-
draught. (K)
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Electricity
* Don’t run washing machines with half
loads.

¢ Don't leave the kitchen fan on unneces-

sarily. (G)

* It should not be colder than +6°C in refrig-
erators and —18°C in freezers. (H) Defrost
regularly. Examine energy consumption
when purchasing new household appliances.

* Use lids on saucepans.
* Use an electric kettle for boiling water.

* Choose a cooker ring that isn’t larger than
the bottom of the pan used.

* Vacuum regularly behind fridges and
freezers.

* Thaw out frozen goods in the fridge, so

that the cold can be used by the fridge.

* Don't leave TVs, radios, computers or
other electrical devices on standby when
no one is using them. Turn them off with
the power button instead. (L)

* Turn off lights in rooms no one is using. M
* Change to LEDs (light emitting diodes).

* Disconnect battery chargers when not
in use.



Water Waste

* Seal or report leaking taps and running * Think about what you buy. Don’t carry home
toilets. (B) unnecessary waste.

* Don't wash dishes under running water. (F) ~ * Choose reusable packaging.
¢ Run the dishwasher when it is full. * Avoid disposable products.

* Fully load the washing machine when ° Refrain from accepting unnecessary packaging.

washing clothes. (C) e Sort rubbish.
* Avoid prewashing. * Reuse as much as possible.
* Take quick showers more often than a ¢ Take as much as possible for recycling.

bath. (D) * Use non-poisonous products instead of poison-
* Don't let water run unnecessarily. ous products.

e Don’t flush unnecessarily. Dont flush ¢ Take environmentally hazardous waste to an
waste down the toilet. approved facility.

Resource conservation has a lot to do with user habits, i.e. being aware of how different actions
affect living costs.
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Heating and Cooling

Good architecture can be created for every climate by combining energy-efficient
construction with passive heating and cooling. To reduce energy consumption and
achieve a sustainable society, future buildings must be energy efficient, and energy
conservation measures must be adopted in existing buildings.
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2.1.0| Heating Efficiency

About 40 per cent of total energy consumption in cold northern climates is used
to heat buildings and supply them with electricity. Most of this is for space heating
and hot water.

Energy consumption standards for new buildings have been made more strict.
There is a proposal that, by 31 December 2018 at the latest, EU Member States must
ensure that all newly constructed buildings should be zero-energy houses that produce
as much heat as they consume on site — e.g. via solar collectors and biomass, or heat

pumps and photovoltaics.

The Energy Requirements
of Buildings

To build energy-efficient buildings it is
necessary to understand how buildings use
energy.

Examination of the energy consump-
tion of a building over a 50-year period
shows that about 9 per cent of the total is
used in the building phase (5 per cent for
production of the materials plus 4 per cent
to transport them), and over 90 per cent is
used to heat and operate the building. The
lesson learned here is that it is most impor-
tant to reduce the energy required for heat-
ing and electricity supply. This means that
if more insulation is used (investing more
energy in the production of insulation), a
large amount of energy for heating is saved.

In energy-efficient buildings, there is a
radical reduction in total energy consump-
tion. Furthermore, the division of energy
use is different, so that about 20 per cent is
used in the building phase and 80 per cent
in operating costs.

Environmental Impact

A new way to show the environmental im-
pact of two or more buildings is to compare
heating in the form of energy consump-
tion and related CO, emissions per year,
as well as environmental profiles from the
building phase, e.g. the environmental im-
pact of consumption of materials (kg) and
emissions of CO_ (carbon oxides), NO_
(nitrogen oxides) and SO_ (sulphur oxides)
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About 40 per cent of total energy consumption in
Sweden is used in buildings, mainly for heating.
About 40 per cent is used in industry and

20 per cent for transportation.

during production. All the data is presented
in quantities per year of each material’s ex-
pected life. The life of construction material
is taken to be 100 years. Fagade and sheeting
material is considered to have a 50-year life.
Certain sensitive materials are estimated to
have a life of 20 years.

Energy Flows in Homes

Energy is lost from a house through the
roof, walls, floors, windows, doors and
from exhaust air and waste water. In addi-
tion, energy is needed to heat the cold water
and fresh air taken into the house. A house
is heated by several different heat sources:
body warmth, solar heat through windows,
and utilization of waste heat from electricity
and hot water use. Other heating require-
ments are supplied by the building’s heating
system.
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Environmental profiles
comparison between
two south-facing and
well-insulated two-
storey terraced houses.
One is brick and the
other is wood. It can be
seen that in the build-
ing phase buildings
made of heavy materi-
als require more energy
and result in a greater
environmental impact
than light buildings.
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Energy consumption in a low-energy house and a conventional house over
a 50-year period. The house on the left is a 150-m? low-energy house. The
house on the right is a conventionally built house of the same size.

Source: Mer bolig for pengene — Idéer til miljovennlige boformer, Nils Skaarer, Denmark,

2001
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Energy Out

Ventilation is the biggest source of heat loss
in a low-energy building. Fresh air has to be
heated, exhaust air contains large quantities
of heat that are lost and there is involuntary
ventilation (draughts). The amount of heat
lost depends on the building’s airtightness,
how much the building is ventilated and if
heat is recovered from the ventilation air.

2.1 HEATING AND COOLING |
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Heavy buildings require less energy for heating,
and so the CO, emissions from heating are also
less.

Source: Arkitektur og milje — form, konstruktion, materi-
aler — og miljepavirkning, Rob Marsh, Michael Lauring,
Ebbe Holleris Petersen, Denmark, 2000

Windows are the most poorly insulated
components of a building’s shell and ac-
count for the second largest energy loss.
The losses depend on how good (low) the
windows” U-value is, how big the window
area is, as well as whether insulating shutters
or curtains are used.

Outer doors and especially balcony doors
and their windows are usually poorly insulat-
ed, but there are usually relatively few outer
doors, and so these losses are not so great.

The roof on a single-family home is the
biggest insulated surface of the shell. Since
heat rises, the temperature on the inside of
the roof becomes relatively high. In addi-
tion, the roof faces the cold night sky. Loss-
es through the roof are relatively high. The
roof should therefore be the best-insulated
part of the house.

The walls usually constitute the second
largest surface on a single-family home after
the roof. The walls should therefore be well
insulated. It is more expensive to insulate
walls than roofs since the entire building’s
area, roof and foundation increase in size as
the thickness of the walls increases.

2.1.0 HEATING EFFICIENCY




The amount of heat loss from the founda-
tion depends on its construction. With a
plinth foundation, the ground floor struc-
ture is in principle like an additional outer
wall. A slab foundation is not exposed to
outside temperatures but to the ground
temperature, which is relatively constant all
year round.

Cold water often has the same temperature
as the ground (about 8°C), so when it comes
into a building, it takes energy from it.

By using a simple heat exchanger, heat can
be recovered from waste water. A tube and
shell heat exchanger has an efficiency of ap-
proximately 50 per cent and can absorb part
of the heat in the waste water, which can be
used to preheat incoming water.

Energy In

Body heat is released as a result of people’s
metabolic processes. There are, however,
various views on how much heat is given
off. Besides the heat that can be felt, people
give off just as much latent heat (through
evaporation), which can be recovered with
an exhaust-air heat pump.

Solar heat that comes in through south-
facing windows and contributes to heating
is referred to as passive solar heat.

Household electricity use contributes to
heating. During the heating season, use of
almost all electricity contributes to heating,
while the heat from electricity use in the
summer is lost since additional heat is not
required at that time.

Operating electricity is the electricity
used to run fans and pumps for a build-
ing’s heating and ventilation systems. The
amount of operating electricity required
has had a tendency to increase due to the
use of complicated mechanical ventilation
systems, e.g. intake and exhaust systems
with heat recovery.
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Energy is lost from a house through the roof, walls, floors, windows, doors
and from exhaust air and waste water. In addition, energy is needed to heat
the cold water and fresh air taken into the house.
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A house is heated by several different heat sources: body warmth, solar
heat coming in through windows, and utilization of waste heat from
electricity and hot water use. The rest of the heating requirements are
supplied by the building’s heating system.
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Hot water contributes to heating. In a nor-
mal single-family home, about 4000kWh/
year are used to heat hot water, of which ap-
proximately 500kWh contributes to space

heating. If solar collectors are installed on

a building, solar energy can provide about TR
half the annual hot water requirement, or Ventilation
more, depending on the location.

The heating system supplies the remaining

heating requirements. b/
Energy Balances — oo
It is important to understand a building HGG’F
from an energy perspective. A good way

to do this is to study the building’s energy s
balance. An energy balance shows where Walls
energy comes into a building and where it ——
goes out. In addition, the size of the differ- Foundation
ent heat flows are determined. Cold water
Energy Balances for Different ~ Sewage
Single-family Homes gy \d
In an older single-family home built to ear- Eoupu
lier building regulations, about 200kWh

purchased energy is used per m* per year. A Passive
newly built single-family home, built accord- solar heat
ing to the current building code, uses about

100kWh purchased energy per m? per year.

Newer homes may have thicker insulation,

triple-glazed windows and heat recovery from Household
ventilation. In an energy-efficient ecological- electricity
ly built house, the energy consumption can -

be further halved to 50kWh purchased en- gmﬁg’g
ergy per m* per year. Such houses are even

better insulated, the windows have an even Hot water
lower U-value, energy-efficient appliances

and lighting are used, as well as water-saving

technology. The amount of free energy from of
body heat and passive solar heat that can be Heating
taken advantage of decreases the more en-

ergy efficient a building is. The greater the

energy efficiency the less heat is required and
so there is less time when free heat can be
used. Homes that use less than 50kWh/m?/
year are not theoretical utopian visions. Such

. An energy balance shows how energy enters and
homes have already been built. leaves a building.
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Energy Balance Calculations

There are a number of computer programs
for calculating a building’s energy balance.
The calculations show, among other things,
how a building can be improved. Relatively
simple-to-use software is available that ei-
ther does or does not take into consideration
a building’s heat storage capacity and gains
from passive solar heat. Other programs that

take these factors into consideration can be
time-consuming to use.

It is possible to construct buildings that
are much more energy efficient than the cur-
rent average. Passive houses are now being
built that are so well insulated that an exten-
sive heating system is not required. It is this
kind of energy-efficient building that should
be the rule rather than the exception.
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The illustration shows energy balances for three different houses:

OLDER SINGLE-FAMILY HOME
purchased energy about 200kWh/m?/year
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an older single-family house, a newly built single-family house and
an energy-efficient ecohouse. The units used are kWh/year.
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EXAMPLES OF LOW-ENERGY BUILDINGS IN SWEDEN

The Brandmaster area

in Karlstad, Sweden.

The winning entry in a

contest to design and
build energy-efficient
and environmentally

friendly blocks of flats.

Source: Architect Jonas

Kjellander and Séren Sten,

FFNS Orebro. Ecoarchite
Varis Bokalders. Builders
Johnny Kellner and Sten
Eriksson, JM Bygg

238

2 CONSERVATION |

The Brandmastar Area in
Karlstad, Sweden

The Ekomer Concept of Karlson
Hus, Sweden

In 1998, Karlstad municipality announced a
contest to design and build energy-efficient,
environmentally friendly blocks of flats. The
buildings in the winning entry are super-
insulated and built with healthy materials
and solid wood foundations. The buildings
are heated using solar and district heating,
and use waste-water heat exchangers. The
electric cables are shielded. The ventilation
system is an adjustable exhaust air system.
The buildings require about 60kWh/m?*/
year. There are garden plots, root cellars,
composting facilities and water pumps in
the courtyards. The storage buildings and
carports have green roofs. There is a covered
bicycle stand beside each building. The lob-
bies have space for special delivery boxes for
internet purchases. Extra care was put into
sound quality. Outside the clothes cupboards
there are special spaces for airing and drying
clothes. The area consists of 25 flats in a total
of five blocks, which were designed to fit in
with the existing surrounding buildings.

ct
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This is the first prefabricated single-family
house on the Swedish market that is energy
efficient, heated with renewable energy and
built with healthy materials. The outer walls
are made of light beams and insulated with
300mm cellulose fibre (U = 0.13W/m?K).
The roof is insulated with 450mm cellulose
fibre (U = 0.09W/m?K). The foundation is
insulated with 600mm cellular glass loose fill
(U = 0.15W/m’K). The windows are triple-
glazed with argon gas (U=1.2W/m’K). Spe-
cial care has been taken to avoid cold bridges.
The building has an air-to-air heat exchanger
with 90 per cent efficiency. The total energy

The pellet stove with water jacket in the living
room of the Karlson Hus. It’s a 12KW Palazzetti
where more than 80 per cent of the heat is stored
in an accumulating tank.
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Karlson Hus Ekomer concept house is the first
prefabricated single-family house on the Swedish
market that is energy-efficient, heated with renew-
able energy and built with healthy materials.

needed for a house like this fulfils the passive-
house standard. The heating system consists
of a water-jacketed pellet stove in the living
room, solar collectors on the roof and an ac-
cumulation tank in the basement. The pellet
stove is a Palazzetti with an output of 12kW
and more than 80 per cent of the heat is stored
in the accumulation tank (500L). The stove
has pellet storage of 20kg and has to be refilled
twice a week during the winter. The flat plate
solar collector is 7.5m? and is sufficient to
provide all hot water heating needs during the
warmest six months of the year. There is an
electric immersion heater in the accumulation
tank that can be used if the house is vacant for
a long period.

The terraced houses at Lindas are 120m? and
have in principle worked out as planned. Energy
consumption was, however, a little larger than
estimated. The measured energy consumption is
about 6500kWh/year, i.e. about 55kWh/m?/year.
There is a greater electricity consumption be-
cause the residents have more electrical devices
than expected.

The ‘House Without a Heating
System’ Project in Lindas -
The First Passive House

in Sweden

In the ‘House Without a Heating System’
project in Lindds (completed in 2002),
20km south of Gothenburg, Sweden, homes
were designed where all the energy require-
ments are met without the use of traditional

eating systems. The homes were designed
by architects at EFEM Architecture Office
with Hans Eek as the project manager. The
technology used includes heat exchangers,
extra-thick insulation, passive solar heat-
ing, and roof-mounted solar collectors that
provide half the heat for hot tap water. In
addition, triple-glazed windows with two
metal layers and krypton between the panes
(U = 0.85W/m?K) were used.

(0 T
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Energy consumption for the row house 120

unit in Lindas. Energy consumption for
hot water, space heating and electricity for = ("::: 100 110
ventilation and pumping is 36.2 kWh/m?/year. g-a 80
The following conclusions can thus be made 3 ;
for the future: the energy consumption for %4 260
Q
many passive buildings is totally provided 22 40
by electricity (electricity is considered to be 20
2.5 times the energy quality as heat), which

AN Household electricity

Electricity for ventilation pumps
Hot water
Room heating

leads to the resulting costs. When buildings 0
consume such a small amount of energy,

use of household electricity should also be

made more efficient. Further, it would be bet-

ter to provide space and water heat by other

means than direct electricity.

Energy loss via radiation, ventilation and sew-
age is minimized. All the electrical appliances
are energy efficient. The total energy supplied
is estimated to be 5400kWh/year, which
is mostly houschold electricity for lights
and cooking. A normal-sized single-family
house heated by electricity requires about

20,000kWh/year. The 20 terraced houses are

Board of Housing,

Rules by The National

Lindas (measured)

Building and Planning
Sweden 2009

Built in 2002

the result of a cooperative research project
between Chalmers University of Technology,
Gothenburg; Swedish Council for Building
Research (now Formas, the Swedish Research
Council for Environment, Agricultural Sci-
ences and Spatial Planning); Lund Institute of
Technology, Lund University; and the Swed-
ish National Testing and Research Institute.

Solar collector for
hot water

Walls: | Windows: super- | Roo: extra thick ]
extra- insulating triple | Insulation |
thick pane (krypton). | (50cm). 1
Insulation |L=0.85 1
{43cm). =
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kitchen
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living room

Foundation: extra
insulated (20cm),

Ventilation;
heat recovery.

Heat from body heat,
appliances and lighting,

Energy-efficient
appliances and lighting.

Cross-section of a terraced house unit at Lindas, Gothenburg, Sweden. The energy loss is so
small that the heat inside the homes from body heat, passive solar heat, household electric-
ity and hot water is enough to heat the buildings. These buildings do not have any traditional
heating system at all. However, intake air can be preheated with an electric radiator when it is
extremely cold or when people return from a trip during cold weather.
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RULES FOR PASSIVE HOUSES

New housing in Sweden may not use more
than 110-130kWh/m?/year for heating,
ventilation and hot water. These figures do
not include household electricity. Swedish
passive houses may use 45-55kWh/m?/year,
household electricity also included (not
regulated by law). The lower figure refers to
houses in southern Sweden and the higher
figure refers to houses in northern Sweden.

If hot-water saving devices and efficient
electric household appliances are used, the
total energy needed in a passive house is
50-70kWh/m?*/year. The annual use in a
passive one-family dwelling 120m? in size
is 3000kWh for hot water, 3000kWh for
household electricity and 1000kWh for
heating.

Energy-efficient houses are being built
in many countries in Europe. There are
many different terms used to describe and
define these buildings. In Germany, the
definitions do not cover hot water and
household electricity, and are: low-energy
houses (50-70kWh/m?/year); three-litre-
houses that use maximum 30kWh/m?*/
year (10kWh is equal to 1 litre of oil), and
passive houses that use 10-15kWh/m?*/
year. Plus energy houses (or zero-energy
houses) are passive houses with e.g. solar
cells that produce more energy than they
use on a yearly basis. CO,-neutral houses
are buildings where all the energy needed
is produced with renewable energy. The
term ‘Passive House’ refers to a professional
German construction standard set by the
Passive House Institute (PHI). Similar

Passive houses in solid wood construction in
Potsdam, Berlin. Healthy materials and energy
efficiency are combined.

Source: Joachim Eble Architektur
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standards are used in Austria. In Switzerland,
the standards are defined by the organiza-
tion Minergie.

There are about 15,000 passive build-
ings in the world, of which about 10,000 are
in Germany. In Austria about 50 per cent
of new buildings are passive. Government
subsidy programmes are a main reason
why there are so many passive buildings in
Germany and Austria.

Passivhus (trade mark in Sweden
by Hans Eek, Architect)

A passive house minimizes heat loss so much
that the internal heat gains are adequate
to provide good comfort all year round.
Values that are in the definition of a passive
house in Sweden in 2007:

Heat load at 20°C indoor temperature at
lowest outdoor temperature:

e 10W/m? for multi-family houses;
¢ 11W/m? for attached terraced houses;
¢ 12W/m? for detached houses;

¢ 14W/m? in the northern climate zone.

K

241




The first multi-family house built to the passive-house standard in Austria situated in Olsbund, Dornbirn.

Source: Architect: Hermann Kaufman. Architectural photographer: Britt-Marie Jansson

Energy demand: Maximum ‘bought ener-
gy for the total energy supply of the build-
ing (heating, domestic hot water, operating
electricity used for heating and ventilation
systems, and household electricity):

* climate zone south: <45kWh/m?/year;
* climate zone north: <55kWh/m?*/year.

Building requirements:

* air leakage through the climate shell:
maximum  0.3L/sm®> (at pressure
+/-50pa)

¢ windows, doors, U-value <0.9W/m?Ka

¢ floor, walls, roof, U-value <0.1W/m?K

* Noise: At least sound classification B

Recommendation:

The use of household electricity should

be minimized, e.g. standby functions for

television sets, stereos and chargers should
be switched off. Household appliances: A+
class is to be used, and low-energy light
bulbs as well. Solar collectors for domestic
hot water production during the summer
are recommended.

To achieve this specified energy perfor-
mance these houses are very well insulated,
have super-insulated windows and use air-
to-air heat exchangers (today the best ones
can recycle 90 per cent of the heat). It is also
important that the construction doesnt have
any cold bridges and that the houses are ex-
tremely airtight. To achieve airtight seams in
the windproof layers they have to be over-
lapped and compressed or connected with

high-quality durable tape.
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EXAMPLES OF PASSIVE HOUSES

Erik Hedenstedt’s
passive house in

Trosa, built of healthy
materials. The building
has a foundation of
foam glass and linen
insulation in the walls.
All the walls are clay
plastered on the inside
to provide a more even
air humidity. Hot water
and incidental heat gain
is from solar collectors
and a water-jacketed
wood heater. Solar cells
mounted on the build-
ing contribute to the
electricity supply. Heat
exchanging takes place
both for ventilation and
sewage. The building

is super-insulated. The
windows and doors are
made of solid, oiled oak,
with a U-value of
0.8W/m?K, are used
throughout the building.

Source: Architect: Anna
Webjorn.

Erik Hedenstedt at his water-jacketed wood heater. In the bedroom, looking towards glass balcony.
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A solid wood passive house with culvert ventilation, active
solar water heating, clay plaster internal wall finishes, natural
paints, etc — plus an innovative and economical textile fagade.

Openable windowdoors with a U-value of 0.7 W/m?K.

Architect: Walter Unterrainer, Vorarlberg, Austria.

leze v p e IR E R R Photos: Walter Unterrainer.
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The first passive-house-standard municipal centre in Austria is situated in Ludesch, Voralberg.

Source: Architect: Hermann Kaufman. Architectural photographer: Britt-Marie Jansson

The first kindergarten in
Sweden build
according to passive
construction standards,
Stadsskogen
kindergarten in
Alingsas.

Source: Architect: Glantz
Arkitektstudio AB, Alingsas.

2 CONSERVATION

2.1 HEATING AND COOLING

2.1.0 HEATING EFFICIENCY 245




INTERNATIONAL EXAMPLES OF PLUS ENERGY HOUSES

Marché’s office building
outside of Zurich

Marché’s office building outside of Zurich
is designed by architect Beat Kidmpfen. It
has been classified as a ‘Minergie-P-Eco’,
which means that it is a low-energy build-
ing according to passive construction stan-
dards built with environmentally friendly
materials. The surface of the roof is covered
with amorphous solar cells which on an
annual basis produce more electricity than
consumed. It is a three-floor, solid wood
construction with the only 35mm thick
wood exposed to the interior. Other than
the inside panels of upright studs, the load
bearing structure includes an outside layer
of horizontal studs made of the same panel
material. The outermost stud keeps the air-
tight layer and fagade boarding in place.
This construction is filled with 35cm of

insulation. The building has an FTX sys-
tem where the supply air is preheated with
heat from the ground via a heat pump con-
nected to a water filled coil in the ground.
The space heat and hot water needed by the
building is produced by a geothermal heat
pump. Sections of the facade are made up
of transparent insulation filled with Glau-
ber’s salt that acts as heat storage with a
phase change (using the GlassX product
of GlassX AG Germany). The Glauber salt
melts when the sun shines on it and hardens
at sunset and the released stored heat con-
tributes to heating the building. There is a
modular pillar system in the building that
contains all the installations (ventilation,
electricity, telephone and computer cables).
There are vertical green walls on every floor
that moisturize the indoor air, so that it
doesn’t get too dry.

Award-winning office headquarters for the Marché company, Switzerland’s first zero-energy commercial building, constructed
at normal cost. It includes an integrated photovoltaic roof, salt-hydrate heat storage in translucent fagade panels, solid wood,
and standard passive construction.

Source: Architect: Beat Kémpfen, Zurich, Switzerland.
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Sunny Woods is a four-floor
apartment building with six
two-floor apartments. The
upper apartments have roof
terraces and the lower ones
have patios. It is a passively
heated building made of
solid wood and the roof

is mounted with solar cell
panels. The solar technology
is attractively integrated into
the architecture.

Source: Architect: Beat Kampfen,
ZUrich, Switzerland.

Vacuum solar heaters
for heating hot water
decoratively cover all
the fronts of the bal-
conies on the Sunny
Woods House.

Source: Architect: Beat
Kéampfen, Zurich,
Switzerland.

Plus-energy houses in Schlierberg, Freiburg, Germany. These passive house have photovoltaic roofs
that produce more energy than they use on a yearly basis.

Source: Architect: Rolf Disch.
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2.1.1'| Insulation

One of the most important aspects of building energy-efficient buildings is to insulate
them well. Different insulation materials vary in their insulating capacity and can be
divided into those that are sensitive to moisture and those that are not. The insulating

capacity of a construction is not only dependent on the type of insulation material used

and how thick it is, but also on the construction’s thermal inertia, moisture-buffering
capacity and airtightness. The insulating capacity of a material or construction is given
as a U-value (the unit used is W/m2K, watt per square metre and degree Kelvin).

Insulation Thickness

Historically, it can be seen that insulation
thickness has increased as the price of oil
has increased. In the 1970s 10cm-thick
insulation in walls and roofs was still com-
mon. After the oil crisis of the 1970s, the
thickness of insulation doubled. In the su-
per-insulated buildings that should be built
to achieve a sustainable society, an even
higher level of insulation is required. The
thickness of insulation in existing super-
insulated buildings is 30—40cm in the walls

Cost

]
=

1 -

280mm wall thickness

The optimum insulation thickness for walls can be
calculated by overlaying the costs for building a wall of
different thicknesses (curve 1), with the energy costs

of heating the building (curve 2). During the first half of
the 1990s, the optimum insulation thickness was about
28cm (curve 3, point A), but if energy prices increase the
optimum insulation thickness also increases (curve 4).

Source: Professor Bjorn Karlsson, Linképing
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Typical thickness
roof Insuiation

Typical thickness
wall insutation

1970

1980

In Sweden, buildings are being better and better
insulated. Building standards and methods have
changed in pace with the increase in oil prices
and environmental awareness.




Insulation Thicknesses and U-values for a Normal Terraced House and a Terraced
House in Linddis (Built in 2002), which is a Passive House with
No Traditional Heating System

Insulation thickness (mm)

U-value (W/m?K)

Normal terraced house Lindis Normal terraced house Lindis
Wall 240 430 0.17 0.10
Roof 320 480 0.12 0.08
Floor 150 250 0.20 0.09

and 50-60cm in the roof. Insulation in the
foundations is about 20—30cm thick. There
have been some attempts to calculate the
optimum wall thickness from a life-cycle
perspective. Results depend of course on
the future price of energy. The cost curve
is quite flat, which means that a somewhat
better-insulated wall doesnt cost much
more. It is, however, less expensive to have
a roof that is better insulated since then the
size of the building’s foundation and roof
doesn’t increase. A problem in this context
is that building codes stipulate how much of
a building plot may be built on. This means
that the thicker the walls (insulation) are,
the smaller the surface living area there is to
rent out. Building codes should be drawn
up so that they stipulate the actual size of
the living area in a town plan instead.

U-value

U-value is a theoretical value of a construc-
tion’s insulating ability, and is the A-value
(lambda value) divided by the thickness.
The best insulation material has a A-value
between 0.035 and 0.055W/mK. Insula-
tion materials with extremely low (good)
U-values have recently become available.
These materials, which are based on the
thermal principle, should make possible
thinner, super-insulated walls. An example
is the Vacupor brand (made by the German
company Porextherm) with fumed silica in
a vacuum between metal foils. The A-value
is as low as 0.005W/mK. They are, how-
ever, still expensive.

The table compares insulation thick-
nesses and U-values for a normal terraced
house and a terraced house in Lind3s (built
in 2002), which is a passive house with no
traditional heating system. All heating is
provided by lights, appliances and people.

Thermal Bridges and Convection

The thicker the insulation, the greater the
risk of convection in the insulation, and
the more important it is to avoid thermal
bridges in the construction.

Heat leaks out at thermal bridges. Con-
densation problems can occur at thermal
bridges and it is often precisely in those
places that dirtying of inner walls and inner
roofs takes place. Thermal bridges are com-
mon where supporting constructions pass
through the insulating layer, where holes
are made in the building envelope (i.e. at
windows, doors and chimneys), where ar-
chitectural design has not provided enough
insulation, and where insulation is poor due
to technical building considerations. Con-
vection can be avoided by insulating with
several layers or choosing denser insulating
material. Convection can more easily occur
in mineral wool than cellulose fibre.

Weathertightness

For a building to be energy efficient, more
than just good insulation is necessary. It must
also be airtight, so that there isnt so much
involuntary ventilation (draughts) that heat

2.1 HEATING AND COOLING |

2 CONSERVATION |

2.1.1 INSULATION

Places where, in prin-
ciple, thermal bridges
can easily occur in a
building if a structure
is not well planned
and built.
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leaks out of the building. Leaks can occur
where different construction parts meet, e.g.
at windows, window frames, or in the seam
between two construction elements. Leaks
can also occur in constructions if they do not
have good enough windproof layers.

Leaks

A building is made up of a large number of
parts. There is a risk of leaks at the seams
where parts meet. These leaks can occur
due to carelessness during construction, or
be caused by movement inside the walls,
floor structure, etc. Buildings made of wood
move all the time. Wood is a living material
that changes in volume according to the rel-
ative humidity. When built-in wood dries, it
shrinks, and leaks can occur with a risk of air
leakage. It’s important that the windproof
layers are continuous and that all the seams
are overlapped and compressed. There are a
number of critical points in a building where
seals and tapes may be inadequate:

¢ where outside walls connect to the floor;
¢ where window frames connect to walls;
¢ between window casements and frames;
¢ at the base of a roof;

¢ where inner walls connect to outer walls;
* at pipe penetration points; and

e at electrical boxes on outer walls.

Seams and Windproof Layers

Seams should be designed so that it is pos-
sible to caulk them properly. Windproof lay-
ers should be designed so that they can be
laid in an overlapping fashion and clamped
down with mouldings. Polyurethane foam
is still commonly used to fill seams. In
eco-buildings, flax or cellulose-fibre strips
are preferred. Diffusion-proof plastic sheet-
ing is often used as the windproof layer in
constructions. In eco-buildings, windproof
pasteboard, hard fibreboard or other wind-

proof material (e.g. permeable plastic layers)

2 CONSERVATION | 2.1 HEATING AND COOLING | 2.1.1 INSULATION

Buildings are constructed to be as windproof

as possible to avoid draughts and save energy.
Windproofing depends on the design details of
connections between parts of a building. The
illustration shows some of the weak points that
must be carefully considered in order to achieve a
‘tight’ building.

are used instead, since the intention is to
buffer moisture in the construction.

Moisture Damage and
Excess Pressure

It is important for buildings to be weather-
tight so as to avoid moisture damage. If a ceil-
ing isn't weathertight and allows warm, moist
indoor air to go up into the loft and meet
the cold outer roof, condensation and mould
can occur. Another factor that increases the
requirement for a weathertight building is a
ventilation system that causes excess indoor
air pressure.
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Lightweight
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Weather
proofing
sheet

Airtight and vapour-
permeable sheet

Tongue-and-
groove timber

Insulation, 300mm
cellulose fibre

Reinforced
concrete slab

Lightweight
foamglass
Edge aggregate
heam The wall and foundation insula-

In order to avoid unnecessary heat losses, an
eco-house should have a porch and well-insulated
outer doors.
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One of the critical thermal bridges is where the outer wall meets the
foundation. This illustration shows way of avoiding that thermal bridge.

Source: Cementa

tion of the Karlson Hus Ekomer
project. The airtight and vapour-
permeable layer inside the wall is
a Gore-tex-like material. The inner
layer is less vapour-permeable
than the outer sheet to avoid
moisture problems, as vapour
moves from the warmer inside of
a building to the cooler outdoor
space. This construction helps
ensure that walls dry out rather
than accumulate moisture.

Source: Karlson Husindustrier AB
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Weather stripping

Weather stripping that seals windows and
doorswell, e.g. made of textile or EPDM rub-
ber, must be used. One of the most common
recommendations made after energy crises
was to seal windows and doors with weather
stripping. It is of course good for buildings
to be tight, but in many older buildings
the leaks around windows and doors are
part of the ventilation system. Sealing such
buildings interferes with ventilation. In such
cases, the weatherstripping at the top of win-
dows can be removed, for example, so that air
can enter (not in bathrooms and kitchens).

Test for Airtightness

As the standard for airtightness in buildings
is currently quite high, it may be of interest
to know that there are methods for mea-
suring the airtightness of a building. These
tests can be used to determine whether or
not a contractor has fulfilled contract re-
quirements. A building’s airtightness is
tested using a pressure method. With the
help of fans, both excess and negative pres-
sure can be created in a building. By es-
tablishing average values for flows during
both excess and negative pressure, a stan-
dard value is arrived at for the building. A
building’s volume is confirmed at the same
time. A building’s airtightness is normally
measured as the number of air exchanges
per time unit.

It is especially important when windproofing
a building to carefully plug the seams around
windows and door frames, as well as between
prefabricated sections (e.g. with packing of

The sheet covers »
I part of tha window Cutside sheet

frame. Weatherboarding
Insulation \\
S AN
- -

Xy

I
= s \ Inside sheat

Cardbward
loldad around the stud behind
the window reveal

Energy-efficient buildings should be windproof. If
pasteboard or hard fibreboard is used for weath-
erproofing, it is important to construct the seams
and connections to windows, etc. very carefully.

>
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cellulose fibre, flax or coconut fibre)
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Thermal photography. The different colours show different surface temperatures. Thermal photography reveals faults in
construction that result in energy leakage.

It is very important that a building
be airtight in order to achieve
low-energy consumption. The
craftsmanship and the details of
the airtight layer must be accu-
rate. Airtightness can be tested by
carrying out a pressure test of the
building. The illustration shows
the equipment required.
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2.1.2| Windows

From an energy perspective, windows are the weakest link in a building, i.e. the part of the
shell with the worst (highest) U-value. About 2500kWh per year leaks through the windows
of a modern three-room flat. That is ten times the energy lost from an equivalent size wall
area. So, for energy-efficient buildings it is especially important to install good windows
with low U-values. With new well-insulated windows you avoid cold downdraughts.

U-values for Windows Convection heat loss can be reduced by us-
ing windows with:

What makes a window have a low U-value? h
* heavy gas between the panes (e.g. argon or

Radiant heat loss can be reduced with the krypton), which requires insulating glass.
help of:

Energy-efficient windows don’t necessary cost
* several window panes, e.g. triple-glazed ~ more than conventional windows. In some
(2+1), 4-glazed or 2+2-glazed (with two  cases, radiators are not needed under such
of the panes in one inner window); windows. Better windows, e.g. triple-glazed,

.. . . . result in an increase in the temperature of
* low-emission layers (thin layer of tin oxide

. . . the outside pane. So, there is a reduction in
or silver, which admits short-wave solar

.. . cold radiation and less energy is required to
radiation from outside but doesn’t let out &y q

.. L. achieve the same indoor comfort.
long-wave heat radiation from inside)

* the space between the window panes in-
fluences the U-value; in a double-glazed

window, a space of 2.5cm is best from an
energy perspective;

* night insulation, window shutters, cur-
tains or venetian blinds that are closed at
night and open during the day.

Conductive heat loss can be reduced by using:

¢ insulated frames, or extra-thick, solid
wood frames.

Light | S
=

Energy-efficient 1
windows that do not / A ot
leak too much heat are i
important for an eco-
house. Heat escapes
from windows in three
different ways: heat
radiation through the
panes, conduction
through the frames
and casements, and
convection of the air
between the panes.

The company NorDan (NorLux) makes some of
the most energy-efficient windows (NTech Passiv)
in Scandinavia, with a U-value of 0.7W/m2K. It is a
triple-glazed window with a low-emission surface
on the glass, argon gas between the panes, and
insulation in the frame. Other companies that
make very energy-efficient windows are e.g.
Haussler, Kneer and Variotec in Germany, and
Galux in Poland.
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Window Types and Approximate U-values. U-values Depend on the Whole Construction.

Number of panes Design U-value (W/m?K)
1-pane 5
LE-layer (low-emission layer) 3.5
2-pane 3
Gas-filled 1.9
LE-layer 1.6
Gas + LE-layer 1.4
Gas + LE-layer + insulated frames 1.2
3-pane 2
Gas-filled 1.3
LE-layer 1.5
Gas + LE-layer 1
2-pane + plastic sheeting in the middle 1.1
3-pane + 3 LE-layers 0.85
3-pane + gas + 2 LE-layers + insulated frames 0.7
4-pane 1.2
Gas + 2 LE-layers 0.7
2-pane vacuum+LE-layer 0.5
Beautiful Windows 2+2-glazed Windows

The primary purpose of windows is to per-
mit contact between inside and outside.
Sunshine, light, air and a view should be
available both in dwellings and workplac-
es. It should be possible to open windows
(including in bathrooms), and they should
be easily accessible for cleaning. It should
be possible to air dwellings with a cross-
draught. The design of window details is es-
pecially important, not least when working
with triple- and quadruple-glazed windows,
in order to achieve an aesthetically pleasing
impression. Indentation patterns on both
frames and casements are very important.

Sound-Insulating Windows

There are windows that are especially de-
signed to suppress outside noise. They are
usually 2+1 windows with a divided frame
and a large space between the panes. Special
panes are often used. In the space on the
sides between the panes, there is insulation
to help suppress sound.

The architect Bengt Hidemark has devel-
oped a way to obtain beautiful, elegant
windows with a good U-value by using two
double-glazed windows in each window
opening. One of the double-glazed win-
dows is placed on the outside of the win-
dow opening and the other on the inside in
such a way that there is a small ‘greenhouse’
or ‘display cabinet’ between them. On cold
winter nights, both windows are closed.
When the sun starts to shine in, the inside
window can be opened. During the sum-
mer, only the outside window is used. So,
the number of panes in the window open-
ing can be varied as desired and to suit the
season. Another advantage of the window
is that it is possible to hear birds sing in the
spring through the outside window. Bengt
Hidemark has designed several different
options for how the inner double-glazed
window, when open, can be integrated into
walls or window embrasures. He has tested
his own alternatives for many years in his
architecture.
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2+2-glazed method where during the sum-
mer the inside window slides into the wall

Architect Bengt Hidemark has devel- or behind screens on the wall.
oped 2+2-glazed windows which are

Some window producers are divided into two separate frames, one

known for making beautiful, on the outside and one on the inside

sleek, energy-efficient 2+1- of the window opening. This results

glazed wooden windows with in a light and slim design. During the

indented frames and glaz- summer, only the outer double-glazed

ing bars as well as transoms window is used, and the inside window

throughout. The Danes are well is folded or slides out of the way.

known for this design, but this
window is from Allmogesnick-
erier in Leksand, Sweden.

2+2-glazed windows in the home of architects Karin and Gert Wingéard, Tofta, Bohuslan, Sweden.
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New Glass and Windows

Design for windows with increased energy
efficiency has been developing fast. Work
has been done with the glass, with various
coatings on the glass, and with gas instead of
air between the panes. Much research is tak-
ing place in this area. New window concepts
open the door to new architectural possi-
bilities. Energy-efficient glass will certainly
become even better. Sunscreen glass makes
it possible to use glass without letting too
much heat into buildings with an oversup-
ply of heat. Fire-protection glass allows the
installation of windows in situations where a
certain level of fire protection is required.

Insulating Glass

With triple- and quadruple-glazed windows,
the resulting structures have been heavy
and there are many panes to clean. There-
fore insulating glass is often used, which
consists of two or three panes with a spacer
and an air gap between the panes. The air
gap protects against influence from outside
with the help of a seal. An absorbent mate-
rial covers the small amount of moisture
which, despite everything, may penetrate
between the panes due to diffusion. The air
in the spaces can also be replaced with gas,
as its larger molecules and slower convection
improve the U-value. The problem with
insulating windows is their life; it is uncertain
how long the seal between the panes lasts.

Ultra-Slim Vacuum Glazing for
Optimum Thermal Insulation

Whereas the insulation effect at the transi-
tion from double- to triple-glazing is the
outcome of greater system thicknesses, in the
case of vacuum-glazing a genuine qualita-
tive improvement is achieved by obviating
the thermal conduction caused by the gas
in the cavity between the panes. Using this
form of construction at Bavarian Centre for
Applied Energy Research (ZAFE) in Wiirtzburg,
even with double-glazing excellent insulation
values of U, = 0.5 W/m’K can be achieved
with system thicknesses of less than 10mm. By
2011, suitable production techniques will also
be available whereby the price of vacuum-in-
sulating glazing should not be any higher than

that for conventional triple-glazing.

Spacers

Panes of glass

On certain windows
in office buildings,
use of sunscreen
glass to reduce entry
of unwanted solar
radiation may be
desirable. How this is
carried out depends
on the needs of those
who will spend time
in the offices.The
photo shows the
pharmaceutical com-
pany Novartis’ office
building in Taby, near
Stockholm.

Low-E layer

Evacuated cavity

Airtight edge seal

Diagram of vacuum-insulation glazing with virtually invisible

spacers.

Source: Detail, English Edition 01/09
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An electrochromic window can shield sunlight so
it doesn’t get too warm. It is regulated by passing
voltage through an electrochromic layer which
darkens the pane.

Electrochromic Glass

In electrochromic windows the colour and
characteristics of the windows are changed
by a voltage source. There is ‘electrochromic
foil’ inside the window. A low-voltage
source is connected and by varying the
voltage, the electrochromic layer darkens
and changes colour, thereby altering the
transparency of the window. The transpar-
ency of the window can range between 7
and 75 per cent by changing the voltage.
The idea is to reduce the need for cooling
in, e.g. office buildings, while retaining the
view.

Thermochrome Glass

This technology is already in use for some
sunglasses and car windows. The colour
of these windows cannot be changed at
will, it is automatic.

The windows consist of two sheets of
glass with a material between that is affect-
ed by temperature. At low temperatures the
material is transparent, and at higher tem-
peratures it becomes opaque.

Glass with a Daylight Screen

During the winter, when the sun is low
on the horizon, people want to let in the
sunlight, but in the summer when the sun
is high, people want to block it out. This
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Glass with daylight screens.

Principles of daylight screens

can be achieved by using a daylight screen
built into windows. The screen, which
consists of glass and metal, is like a third
pane between two glass panes in an insu-
lating window.

Prism Glass

This glass lets in direct sunlight from some
angles, while light from other angles is re-
flected away. Daylight, however, always
comes through. Such glass can also be used
as an external Venetian blind, and can be
adjusted as required for daylight and to
block the sun.




Transparent Insulation

An interesting material has been developed

that may improve the possibility of using
passive solar heat. It is called transparent in-
sulation, is transparent and lets in daylight
while at the same time insulating and pre-

venting heat loss from a building. Transpar-
ent insulation can, for example, be used to
insulate Tromb walls so that they can be used
to provide indirect solar heat to a building,
or be used as insulation in south walls and
so let heat and light directly into a building.
It may be necessary to screen transparent in-
sulation during the summer to avoid high
temperatures. The U-values of transparent
insulations are between 0.3 and 0.6W/m?K.

Prism glass.

, Silica Aerogel
Source: Siteco

Silica aerogel is a material that is placed
between two glass panes. The material is
fairly brittle and opaque. It lets in 90 per
cent of the light. Windows using silica aero-
gel cannot be used as regular windows as it
is not possible to see clearly through them.
They can function as a new architectural el-

ement, a well-insulated opaque glass surface
that lets in light yet keeps in heat.

Prism glass at Sparkasse FFB.

Source: Siteco

Ecotopia educational
centre is located in Aneby,
Smaland, Sweden.
Transparent insulation is
used there, as well as used
brick and timber from vari-
ous deciduous trees.

As it is not possible to see through transparent
insulation material (TIM), it is alternated with
glass.
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Marché International Support Office, Kemptal, Switzerland. The building has 90m? of GlassX-modules. The building won the 2007

Swiss Solar prize.

—

Source: Beat K&mpfen, buro fur architektur/Architecture office

Nanogel® is Cabot corporation’s trademark
for its silica aerogel products. If the space be-
tween the glass in skylights is filled with aerogel
a diffuse general light is obtained and a better
U-value than normal windows. Similar prod-
ucts are marketed by other companies. An
example is Kalwall+Nanogel. which is made
up of panels with transparent insulation filled
with nanogel. The U-values is 0.28 W/m?K.

GlassX

GlassXcrystal integrates four system compo-
nents in a functional unit: transparent heat
insulation, protection from overheating, en-
ergy conversion and thermal storage.

A three-ply insulating glass construc-
tion provides heat insulation with a
U-value of less than 0.5W/m?K. A prismat-
ic glass implemented in the space between
the panes reflects sun rays with an angle of
incidence of more than 40°C (in summer,
when the sun is high in the sky). On the
other hand, the winter sun passes through
the sun protection at full intensity. The cen-
tral element of GlassXcrystal is a heat stor-
age module that receives and stores the solar
energy and, after a time, releases it again as
pleasant radiant heat. PCM (phase change
material) in the form of a salt hydrate is
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used as the storage material. The heat is
stored by melting the PCM; the stored heat
is released again when the PCM cools. The
salt hydrate is hermetically sealed in poly-
carbonate containers that are painted gray
to improve the absorption efficiency. On the
interior side, the element is sealed by 6mm
tempered safety glass that can be printed
with any ceramic silk-screen print.

Heated Glass

Heated glass does not save energy but is a
way to increase the level of comfort in areas
where people spend a lot of time near large
glass surfaces. This type of glass has a metal
coating that electricity is passed through.
The coating is invisible, as are the positive
and negative poles, positioned underneath
mouldings. A thermostat can be used to
keep the temperature of the glass the same
as the room temperature.

Self-Cleaning Glass

The following takes place when the outside
surface of glass is coated with titanium di-
oxide. Oxygen and water vapour in the air
come in contact with the titanium dioxide

and are transformed into free radicals with




The principle for how a self-cleaning window
works. Glass coated with titanium dioxide trans-
forms oxygen and water vapour into free radicals
with the help of sunlight.

Free radicals, such as O, and OH-, are highly
reactive and easily combine with air pollutants
such as nitrous oxides and organic particles to
form relatively harmless substances that are
washed away by rain.

Source: CSTB, adapted from Ny Teknik

the help of ultraviolet radiation from sun-
light. The free radicals are very reactive and
combine with air pollutants, such as organic
particles and nitrous oxides, to form relative-
ly harmless substances that do not affect the
glass, and are easily washed away by rain.

Window Features

A window fulfils many different functions.
It should let in daylight and solar heat when
required. It should provide a view and in
cold climates it should keep the heat in.
Sometimes it gets too hot when solar ra-
diation enters and something is required to
screen out the sun. Sometimes more daylight
and solar heat are required. In such cases, a

reflector can reflect the sun to the inside.
When it is very cold, an insulated window
shutter can transform a window into a wall.
In other words, there are many different ways
of using devices other than the window itself.

Sunscreening

During the summer, screening out the sun
can be necessary to prevent buildings from
getting too hot inside, especially when pas-
sive solar heat is being utilized. Screens can
be designed as permanent parts of a build-
ing, e.g. roof canopies or porch roofs, that
shade windows during certain times of the
year. Permanent sunscreens also result in a
reduction in the amount of daylight enter-
ing a building. It is also possible to have
movable screens, like awnings, roller blinds
and venetian blinds. To be efficient, movable
sunscreens should be placed outside win-
dows. They require operation and mainte-
nance. They need to be cleaned periodically
and awnings are especially vulnerable to
stress from the wind. Curtains and venetian
blinds between window panes or indoors are
also useful for screening out the sun. They
protect against direct sunlight, but still let
in heat. Another method to screen out the
sun is to plant deciduous trees that lose their
leaves in the winter and let in light, and
shade the building during the summer when
they are covered with leaves.

Sunlight Reflector

When more daylight is wanted, outdoor re-
flectors can be used, e.g. hatches made of
reflective material that can be adjusted to
the time of year and need for solar heat.

Reflective hatches can also be used to
provide a view in a particular direction. Re-
flective venetian blinds can be used to block
light or reflect direct sunlight towards the
ceiling and so provide light without glare.
A light shelf is a reflector that is placed high
up on a window. It shades workplaces at a
window at the same time as it reflects day-
light towards the ceiling.
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Insulation

Since the U-value of windows is inferior
to the U-value of walls, it is possible to use
movable insulation to improve a window’s
U-value, e.g. on cold winter nights. Options
include insulating window shutters, insu-
lating curtains and insulating roller blinds.
Insulating shutters should be placed out-
side windows to avoid frost and condensa-
tion on the glass. Insulating curtains should
be placed between the panes or inside the
window on tracks to avoid convection. In-
sulating roller blinds are placed outside the
window and also act as protection against

burglary.

Residential building in
Nieuwland, Amersfoort,
Holland. Sunscreening
using adjustable sun-
screens comprised

of solar cells.
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Regulation of Daylight

When sunlight is too strong, it is sometimes
necessary to reduce the amount of light that
comes in without totally blocking the view.
This can be done with venetian blinds, roller
blinds that are pulled down or a system of
shading screens. At the Arab Institute in
Paris, there is an advanced design by archi-
tect Jean Nouvel, where every pane in the
south-facing glass fagade is equipped with
a diaphragm whose opening varies accord-
ing to the brightness of the sunlight. The
various methods can fulfil several functions,
namely shading, insulating, reflecting and

regulating.
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Different ways to use
reflecting and insulating
window shutters.

Source: Ralph Erskine, Archi-
tect, Egelius, Mats, 1988

Window shutters, venetian blinds, curtains and roller
blinds can regulate both solar radiation in and heat
loss out through a window. Insulating shutters and
roller blinds should be placed outside windows to avoid
condensation.
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2.1.3

Heat Recovery

Buildings lose heat through the shell, ventilation and waste water. Besides build-

ing a shell with a low U-value, there are several different ways to recover heat. Heat
exchangers and heat pumps can be used to recover heat from ventilation and waste
water. An air-to-air heat exchanger in the ventilation system was the first, more widely
installed, heat recovery technology. This technology is now being replaced with
exhaust-air heat pumps. Heat exchangers for waste water were first used in pub-

lic swimming pools and laundries, but since the technology is both inexpensive and
simple, it has started to be used in blocks of flats. Dynamic insulation is a method that
has fascinated many architects and engineers, but has proved difficult to master. The
best results have been achieved in roofs of indoor public swimming pools.

Air-to-Air Heat Exchangers

Air-to-air heat exchangers are used to re-
cover heat from exhaust air to heat intake
air. They require mechanical exhaust and
intake air systems, which are both expensive
and technically complicated. If a building
is not airtight and if the system is adjusted
improperly, excess pressure inside the build-
ing can result, which in turn can lead to
moisture damage. Proper use of the system
requires a very tight building, in principle
a building built after 1980. There are sev-
eral types of heat exchangers for ventilation
systems.

Operating Experience, Historical

Experiences of the use of exhaust-air heat
exchangers have been bad. The high heat re-
covery levels promised in marketing were not
achieved. Heat recovery with air-to-air sys-
tems has often been an unprofitable invest-
ment. Problems have included freezing with
ice in the winter, noise, leaking and poorly
insulated ducts and exchangers. Systems
have been difficult to access for service and
cleaning, and operation and maintenance
instructions have been insufficient. Diffi-
cult-to-handle approaches have resulted in
neglected maintenance and cleaning, lead-
ing to dirt in the system as well as impaired
heat recovery. Dirt in the duct system and
clogged filters are big problems resulting in
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imbalances and reduced flow in the system.
Installations have been done carelessly and
adjustments have been incomplete. This is

+9 . %{3”4

+22

Heat from exhaust air can be recovered with an
air-to-air heat exchanger. The exhaust air heats
the intake air in the heat exchanger.

An air-to-air system sucks out air from the
kitchen, bathroom and utility area and uses it to
heat intake air. The heated fresh air is blown into
bedrooms and the living room.

Source: REC Indovent AB
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This is how a heat exchanger in a single-family
house can be fitted in a kitchen cupboard. This
house in Lindas, Gothenburg, Sweden has no
heating system.

one reason why an obligatory ventilation
inspection was introduced.

New Heat Exchangers

Better air-to-air heat exchangers have been
developed in recent years. A competition
was held for better systems for heat recovery
from ventilation air. The winning systems
have a high level of efficiency (85 per cent),
are easy to clean, and have easy-to-change
filters. They are airtight and quiet, easy
to maintain, and come with clearly writ-
ten instructions. They have indicators that
show air flow and when the filter should be
changed, and defrost automatically. The fans
are adjustable, so the air flow can be reduced
if the building is not being used; heat recov-
ery can be disconnected during the summer.
Electricity consumption is about 95W.
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Exhaust air
Extract air

Exhaust air filter
Intake air fan
Outdoor air filter

Exhaust air fan - b "

Heat exchanger

Temo vex 250

Exhaust Air Heat Pumps

An exhaust air heat pump removes heat from
exhaust air on its way out of the building.
The heat is used to heat hot water and some-
times also for space heating. The advantage
of this option is that an intake and exhaust
air system is not required. Instead, it can be
installed where there is a normal exhaust
air system. A problem is that heat pumps
have often been subject to breakdowns. In
addition, it must be pointed out that an ex-
haust air heat pump is quite expensive, and
it does not pay to install one in an extremely

ha
o
op |
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FVH
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One of the winners in
The Swedish Energy
Agency'’s technology
competition for better ex-
haust air heat exchang-
ers. It is aTemo Vex

250 made by Temo Vex
Svenska Ltd. A high level
of temperature efficiency
is achieved by connect-
ing two counter-flow heat
exchangers in a series.
The other winning entry
is called HERU 50 and is
made by C. A. Ostberg.

It is equipped with a
rotating heat exchanger
that does not require
defrosting.

Source: www.stem.se,
‘Varmeatervinning av
ventilationsluft — Férbattra
inomhusklimatet och minska
energikostnaderna’

Heat from exhaust

air can be recovered
with a heat pump (HP).
An exhaust air heat
pump takes heat from
exhaust air which cools
down. This energy is
used by the heat pump
to heat hot water in a
hot water heater (HWH).
The heat pump can
also make use of the
condensation heat in
air moisture.
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SPAR-VEN Ltd has developed a heat exchanger with
such a low pressure drop that it can be used with
natural ventilation. This heat exchanger has small
metal fringes that absorb heat from the exhaust air
and is placed up in a ventilation chimney where it is
used together with an exhaust-air heat pump.The

Operating Experience

In recent years, many exhaust-air heat pumps
have broken down. It was always the com-
pressor that broke down. Some models have
suffered from an unusual number of prob-
lems. According to the producers, problems
were caused by the transition to more en-
vironmentally friendly cooling agents in the
pumps. Some heat pumps have required a lot
of maintenance and made too much noise.
Insurance company websites sometimes pro-
vide damage lists for heat pumps and other
devices. An exhaust-air heat pump requires

heat is often used to heat a building’s hot water.

Hest exchanger o i, Exhaust air
S S > ]

energy-efficient single-family house. Ex-
haust air heat pumps are often used in

blocks of flats and other large buildings.

How a Heat Pump Works

A heat transfer medium is heated by ex-
haust air, which in heated rooms is at least
+20°C. The temperature of the heat transfer
medium is increased by compressing it in
the heat pump, and the higher temperature
can be used to heat hot water. In the past,
most heat pumps contained freons. Cur-
rently, only ‘soft freons’ are used, but the
goal is to use heat transfer mediums that do
not affect the ozone layer or climate, such
as butane and pentane in small heat pumps
and ammonia in large ones.

(HERELTER
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Boiler Accumulation Exhaust air
tank with hot  heat pump
water heater

An exhaust-air heat pump can recover heat from a number of
ventilation chimneys in multi-storey buildings that are ventilated
with fan-reinforced natural ventilation. The recovered heat is usec
to heat water in the hot water heater (accumulation tank).

An exhaust-air heat pump in a single-family house. Exhaust-air
heat pumps require some maintenance, have contained freon
and been quite expensive. However, they are improving, becom-
ing more dependable and cheaper, and there are freon-free

alternatives. Source: lllustration: Leif Kindgren
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a greater investment than a heat recovery
unit, but provides more energy in return.
It cannot be assumed however that the in-
vestment always pays dividends in the form
of reduced heating costs. Use of exhaust-air
heat pumps has been questioned. They are
relatively expensive, and in super-insulated
buildings with small heating requirements
they are scarcely worthwhile.

Waste-water Heat Exchangers

Use of hot water releases some heat into the
house but most of the heat exits along with
the waste water. The heat in waste water can
be recovered using a heat exchanger that
preheats cold water brought into the house.
This type of equipment is used where a lot
of hot water is used, e.g. in public swim-
ming pools, and has also been tested in
energy-efficient single-family homes.

Design

Waste-water heat exchangers can be de-
signed in a number of ways. The most
important element of the design is ease of
cleaning, since waste water contains a lot of
dirt particles. It is possible, for example, to
design a heat exchanger using the pipe-in-
pipe principle where the waste water flows
in the inner pipe and heats the clean water
that flows in the outer pipe. Since the clean
water is under pressure, as opposed to the
sewage water, which isnt under pressure,
there is no danger of contaminating clean
water with waste water. If a leak should oc-
cur, the clean water flows into the waste
water, and not vice versa.

SplitBox

SplitBox is a complete unit. It is a com-
bined energy and sewage system that man-
ages the total energy needs of the building,
including systems for ventilation, heat re-
cycling and management of water and sew-
age. Heat is recycled from drying processes
(sewage + waste), sanitary waste-water and
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the building’s ventilation. Nutrients are re-
moved in solid form for fertilization. The
system is available for single and multiple
family homes.

Large Facilities

Ready-built components are available for
large facilities. About 50 per cent of the
heat in waste water can be recovered and
transferred to fresh water with such heat
exchangers. The best result is achieved if all
the water goes through the heat exchanger,
not just the hot water. To get really cold
drinking water, the kitchen cold water pipe
can bypass the heat exchanger’s cold flow. In
most heat exchangers, toilet waste water is
excluded from the heat exchanger to reduce
sludge problems.

Cold fresh water

&=

Waste water

Waste water

Freheated fresh water
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A waste-water
heat exchanger
in buildings
with large
waste-water
flows can

in principle
consist of
double pipes,
with the waste
water in the
inner pipe and
the fresh water
preheated in
the outer pipe.

Source: Power
products AB,
Akersberga

Sewage heat
exchanger in Erik
Hedenstedts project-
house in Trosa (www.
ekologiskabyggvar-
uhuset.se). This type
has to be mounted
vertical.

Source: GAIA Scotland
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Dynamic Insulation

Dynamic insulation is a construction meth-
od where intake air is sucked in through
insulation material. There is heat loss from
a heated building, i.e. heat escapes through
the insulation in the roof and walls. If the
construction is made so that it is possible
to suck air in through the insulation, the
sucked-in air is preheated by the air that is
on its way out through the insulation.

Dynamic Roofs

‘Air open’ walls, which are built to allow air
to be sucked or pushed through them, have
big problems with wind since wind pressure
affects walls differently depending on the
wind direction. Therefore, dynamic insula-
tion is used on loft floors where wind pres-
sure does not play a decisive roll. A number
of buildings have been made with dynamic
insulation, but it has been difficult to deter-
mine whether there have been any energy
savings in ordinary, single-family homes.
However, it is a promising option for public
indoor swimming pools where a lot of ven-
tilation is required and the air is moist.
Dynamic insulation was first used in
cowsheds where intake air was brought in

Dyryaras inzulation

1 e
Exhaust s

ral pump

Architects Howard Little and Dag Roalkvam of GAIA Architects design
indoor swimming pools and sport halls with dynamic insulation in the ceil-
ings. Fresh air is brought in through the ceiling and the moist exhaust air
from the swimming pool area is dehumidified with a heat pump before it is
blown out. The condensation heat obtained from dehumidification is used
to heat the facility via a floor heating system.
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through the hay in haylofts. The idea was
further developed using mineral wool as the
insulation material. For example, several
sports centres have been built with dynamic
insulation in the ceilings. In recent years,
there have been constructions using wood-
wool cement or cellulose fibre. The GAIA
Group in Norway has experimented a lot
with dynamic insulation.

Insulation Material

There is great interest in dynamic insula-
tion among environmentalists, but some
are concerned about contamination of the
insulation material since it acts as a filter
(albeit a very large filter). Mineral wool is
made up of small fibres that are bound to-
gether by urea resin, which contains form-
aldehyde that is continually emitted. If for
some reason the insulation becomes moist
(which can of course happen in ceilings),
large amounts of formaldehyde can be emit-
ted. Cellulose fibre insulation can therefore
be considered a better choice. Regardless of
the type of insulation used, the insulation
acts as a filter for intake air during the entire
life of the building, without being cleaned
or replaced. This is a source of doubt in the

technology.

Indoor swimming pool with dynamic insulation,
McLaren Community Leisure Centre, Callander,
Scotland.

Source: Architect: Howard Little

2.1.3 HEAT RECOVERY




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.
Architectural devices that influence energy
efficiency include a building’s shape and
type, temperature zones, how much it is
dug into the earth, as well as options that
make it possible to use passive solar heat.

Building Shape

The objective for an energy- and materials-
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 difficult to make
efficient use of the space inside a sphere.
So when it comes to single-family houses,
the preferred shapes are a two-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 to
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 put together 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 heat loss is reduced. In terraced
housing, there are two fewer outer walls, and
in blocks of flats, there are three or four fewer
outer 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,
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e.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-
peratures in the living areas can also be con-
sidered, but 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 outside temperatures but to the ground
temperature, which is relatively constant
year-round and is equal to 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 temperatures. The more a building
is dug into the earth, the less heat 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 building can be divided into different temperature zones according to the purpose of the zone. Archi-
tect Joachim Eble divided his house in Schafbriihl in Tiibingen, Germany into four temperature zones.

ot I s2ss)
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306m" Eight homes as: separate buildings Terraced houses 2-storey block
% Ground area 100% 7084 349,

(

Exterior surface area TOD _7_4_04:. - §5 :
Heating requrrempnts 100% 89% B8%
312m Costs T 100% 87%  B58%
3
This is a comparison of ground floor area, exterior surface area, heating require-
ments and construction costs for eight living units in different types of buildings.

By building the units together in terraced houses or multiple-storey buildings, the

320m" outside wall area is reduced and thus also heat loss.
g Source: ékologische Baukompetenz, H. R. Preisig et al, Zurich, 1999

The area of the outer walls of a building
depends on the building shape. The most
energy-efficient shape is a hemisphere.
The example shows the area of the outer
shell (walls, roof and floor) for five differ-
ently shaped houses, each with a 100m?
floor area.
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ARCHITECTURAL EXAMPLES OF ENERGY-EFFICIENT BUILDINGS

The Tusk6é House

This two-storey, 144m? house in Tusk, near
Osthammar, Sweden, is super-insulated and
built using healthy materials. On the second
floor, the ceiling height is lower at the outer
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 fibre. The house is divided into
zones. On the south side there is an insulat-
ed and unheated glassed-in veranda that can
take 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 are 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 toilets is located. Urine is
collected in an underground tank beside the

building.

In a house in
Tusko, near Ost-
hammar, Sweden,
there is a larder,
wood shed and
storage area in
an unheated zone
on the north side.
The veranda and
porch are solar-
heated zones on
the south side.
The suspended
foundation under
the house is a
frost-free zone
where all the
services are
located.

Source: Architect
Lollo Riemer von
Platen, Stockholm.
Eco-architect
Varis Bokalders,
Stockholm

The Torrang Eight-sided House

This three-storey house is a good example of
how architectural techniques can be used to
reduce outside wall area. The house is also
well planned with regards to temperature
zones — the fireplace, stoves and accumula-
tion tank are centrally located, and a win-
ter garden and drying cabinet are unheated

|

=104
4 fiL - -
)t. ?»‘\L'-;u- i
- E mulatian
Futurs heat 'r'l_df“:_“ ”J Main fiaor
slorage = I~ 01 2 345

o | f
1 :ll! TRl 7 O
_Wurk OO+ E&cﬂro-a&‘

’ & n ==
fings oo :

outer zones. The winter garden faces south
to take advantage of passive solar heat. Doors
to the winter garden can be opened to al-
low solar-heated air to flow into other parts
of the house. The open floor plan makes it
possible for the heat to spread. Heavy mate-
rial in the house stores the passive heat.

Architect Ola Torrang
designs eight-sided houses
with a sloping roof and
sloping ceilings at the
edges, large glassed-in
verandas facing south, and
a warm zone in the middle
with a chimney stack,
stoves and heaters.
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Passive Heat

Buildings gain heat from occupants, house-
hold electricity and solar radiation. In order
to make use of this heat, the heating system
has to turn off when there is excess heat, the
floor plan design should allow the heat to
spread, and the materials used in the roof,
walls and floor should have a large heat
storage capacity.

. A heavy mass in a building frame can store solar
The Heatmg SyStem heat from day to night. Only the outermost centi-
Tt is important for the thermostat to be lo- metres of the heavy mass are involved in 24-hour
heat storage. Therefore, it is more important that
the mass exposes a large surface area towards
example of an improper location for a ther-  the room than to have a heavy, thick structure.

cated where it can detect excess heat. An

mostat is on the radiator under a window.
When it gets too hot and the window is
opened, cold air falls down on the thermo-
stat, which responds by increasing the tem-
perature of the radiator instead of turning
it off. It is also important that the heating
system is easy to adjust, and that it has a
small heat storage capacity. A floor heating
system set in concrete has a large heat stor-
age capacity, i.e. the whole floor is warm
and continues to heat even when the floor
heating is turned off.

Floor Plans

With an open floor plan, heat is distributed
in a building through an internal stairwell
or room that connects two or more storeys.
It is common today for kitchens and liv-
ing rooms to be joined together, but some
people prefer more demarcated rooms. It
is also possible to actively spread and dis-
tribute heat in a building, i.e. with fans and
ducts. Ducts can be built-in or in the form
of an open textile sock that runs from floor
to ceiling. Hot air rises and collects under
ceiling ridges. Heat is distributed better if
this warm air is brought down, which can » . L

A living room with an interior brick wall. The pur-

be done with a celhng fan. It is Important pose is to obtain a relatively thin but heavy wall
for such fans to be quiet. section that can store heat throughout the day.
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Penetration depth during the 24-hour temperature fluctuation in
a building. The depth of penetration shows how much wall thick-
ness contributes to a building’s heat storage during a 24-hour

period.

Source: Cementa, 2001

Heat-Storing Material

In order to distribute excess heat over time,
the heat storage capacity of heavy materi-
als can be used, i.e. the material’s capacity
to absorb, store and release heat. Impor-
tant aspects are how much heat the mate-
rial can store (heat capacity), and how far
the heat penetrates into the material (heat
conductivity). In 24-hour heat storage in
solid material, heat manages to reach a
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A classroom with an internal heat load from oc-
cupants, lighting and computers, area 66W/m?,
was simulated in order to study how the weight of
a construction affects the annual energy require-
ment. The internal heat load is equivalent to 26
students, eight computers and normal lighting.

Source: Cementa 2001; adapted from Andersson and
Isfalt, 2000
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Heat storage (kWh)

. Light stud wall

Solid wood

. Lightweight concrete

. Lightweight aggregate

Brick

. Concrete
. Stone

The storage potential for different materials. The maximum
amount of heat that can be stored in a 100m? wall with an
indoor temperature variation of +1°C over a 24-hour period.

A light stud wall is a compound construction with double
gypsum plasterboard, mineral wool and light studs.

Source: Cementa, 2001

maximum depth of about 10cm. During
shorter periods between a heat surplus and a
heat deficit, the depth of penetration is only
a few centimetres. Water has a better stor-
age capacity since convection takes place in
a water tank (accumulation tank). Another
way to store heat in material is to build-in
substances with a melting point just above
room temperature, e.g. Glaubers salt. It
is possible to store larger amounts of heat
from a change of state (e.g. the transition
between solid and liquid states) than from a
temperature increase.

Passive Solar Heat

It is possible to conserve heat by making use
of free heat from the sun. All buildings with
south-facing windows already do this. There
are, however, other architectural methods
that can be used to maximize use of passive
solar heat such as: using glass on the south
fagade, regulating the solar radiation (with
roof hatches, deciduous trees, awnings or
venetian blinds), installing a heavy heat-
regulating mass, designing so that heat can
easily be distributed (e.g. open floor plan),
and using a heating system that can be ad-
justed to make use of passive solar heat.
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The following can be concluded about ¢ Glassed-in spaces with double glass are
methods that are suited to the Scandinavian also suitable (e.g. a glassed-in veranda or
climate: attached greenhouse. The heat is brought
into the building by opening vents, a

* South-facing windows are suitable (i.e. .
window or a door).

the total window surface area is not
increased, but more and larger windows  For a single-family house in Sweden,
face south than north). passive solar energy can contribute a maxi-
mum of 1500-2000kWh/year. It is thus
especially important that systems are simple

and cheap.

Solar Screening
When the south face of a building is glassed

in, it can get too hot in the building at cer-
tain times of the year. A method of reducing
excess heat is to screen the glass surface, which
can be done in a number of ways. Since the
sun is higher in the summer than in the win-
ter, the summer sun can be blocked out with
permanent constructions such as overhangs,
balconies and porch roofs.

In order to make use of passive solar heat, it must be possible to regulate More flexible options include awnings,

the solar gain so that it doesn’t get too hot in the summer. One way to do roller blinds and venetian blinds. Another
this is to take into consideration the varying angle of the sun through-

out the year and a building’s heating requirements when designing roof .
overhangs and windows. The illustration shows conditions in Gothenburg, ous trees in front of the south fagade that lose

Sweden. their leaves in the winter. The foliage is most
dense when the need for screening is greatest.

way to block summer sun is to plant decidu-
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There are four ways to take advantage of passive
solar heat: (A) direct gain via south-facing win-
dows, (B) indirect gain via attached greenhouses
or verandas, (C) solar walls (which are in principle
solar air collectors), and (D) heavy wall construc-
tion with glass on the outside (a Tromb wall). The
Source: ‘Passive Solar Heating in a Scandinavian Climate, Hans Ek, BfrD3:1987 latter works poorly in Nordic climates.

Passive solar heating involves designing a house to take advantage of
much solar radiation, which reduces the house’s heating requirements.
Passive solar heat contributes much less energy in the Nordic climate than
further south.
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MODERN GLASS ARCHITECTURE

Glassed-in Courtyards

After the energy crises in the 1970s, glassed-
in courtyards were built with the intention of
saving energy. However, studies have shown
that in most cases, glassed-in courtyards do
not save energy. It is possible to save energy
with them if they are properly built: to save
energy and be economical, the courtyard
must be designed so that the facades that
face the courtyard are relatively large com-
pared to the area of the glass. The glassed-in
area becomes a buffer zone (extra insulation)
between the inside and outside, and can re-
sult in energy saving if it is not heated, which
would result instead in an energy loss.

During the 1990s, courtyards in large
ecobuildings were glassed in for other reasons
as well. The high ceiling makes them suitable
for use as part of a natural ventilation system.
They are often used for the purpose of block-
ing traffic noise, while simultaneously being
used as communication areas with galleries,
lifts and stairwells. They are, however, most
often designed as glassed-in gardens with
plants and running water, restaurants, sitting
areas and other recreational uses.

All the glass sections in
the roof can be opened
to avoid overheating in
Prismahuset, Nuremberg,
Germany.

Source: Joachim Eble
Architecture
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Double glass facades
—a step on the road to
a sustainable society?

Source: Dubbla glasfasa-
der — Image eller ett steg
pa vdgen mot ett uthalligt
samhélle? Anders
Svensson, Pontus Aqvist,
2001

Double Glass Facades

Glass buildings have become a popular form
of architecture, stemming from the dream of a
transparent building. One of the main points
of a transparent building that allows daylight
to reach far into the building is the visibility
and the view. The desire to see into the build-
ing, which varies according to the time of day
and the weather, is another purpose of glass
buildings. Glass buildings, however, experi-
ence problems with energy loss and excess
temperatures. Double glass facades are not
ecological. This expensive type of facade does,
however, offer a technical solution to the dif-
ficulties of building large, tall glass buildings.

A double glass facade can be defined as
a fully glazed facade with two layers of glass
separated by an air gap of at least 50cm.
There can be one pane in the outer layer and
two on the inside or the other way around.
Energy loss from a glassed-in building can
be reduced by the buffer zone created by a
double glass fagade, since it improves insula-
tion a little. Ifa double glass fagade is used as
an intake air route, it is possible to take ad-
vantage of some solar heat. Excess tempera-
tures can be reduced if the space between the
glass layers is used as a chimney, an exhaust
air channel that ventilates away some of
the excess heat by natural ventilation. Glass
buildings require sunscreening which can
be installed within the double glass facade.
Double glass fagades can block noise from
the outside but, on the other hand, require
much more window cleaning. Double glass
fagades make it possible to open windows
even in tall buildings without experiencing
unacceptably strong draughts, but can also
cause problems with glare.

The large area of glass in double glass
facades makes the design of the sunscreen
very important since it must be lowered
more often than for conventional facades.

It is often too hot in a double glass facade on the
south side and too cold on the north side. Corner
fans can even out the air temperature.

Source: The headquarter of Martela in Helsingfors,
Tommila Architects
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EXAMPLES OF PASSIVE SOLAR HOUSES

In the first eco-village in Sweden (finished
in 1984), Tuggelite, near Karlstad, there are
good examples of super-insulated passive
solar houses. They are two-storey terraced
houses, so the outer wall area is minimized.
The buildings are unusually well insulated.
There is insulation under and around the
edges of the foundation, which prevents
heat leaking out of the foundation and cold
from penetrating under the building. The
windows are triple-glazed and placed so that
there are large windows facing south and
only small window openings on the north
side. There is a porch that faces north and a
greenhouse on the south-facing side where
intake air is preheated. The frame is heavy
and there is a concrete foundation which is
good for storing heat. Energy conservation

has been very successful. Purchased energy
amounts to about 6000kWh/year per resi-
dence (120m?). As a comparison, accord-
ing to the 1980 Swedish building code, a
dwelling of the same size consumes about
15,000kWh/year. The Tuggelite buildings
are heated with pellets from a shared central
boiler. The roof of the boiler facility is cov-
ered with solar collectors that provide hot
water during the summer.

Heat loss can be reduced by raising the
level of the ground around outer walls or by
building semi-subterranean houses. Some
people have dug their houses into the earth,

placing windows facing an atrium courtyard
or on a fagade that sticks out of the ground,
but experience has shown that this often
costs more than it is worth. It is expensive
to build walls that can withstand both pres-
sure and moisture from the earth.
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Cross-section of a
super-insulated build-
ing in the Tuggelite
eco-village. The insula-
tion is 36¢cm thick in
the walls and 55cm
thick in the roof. Ther-
mal bridges have been
avoided and there are
insulating sheets in
the ground around the
building to prevent
cold from penetrating
under the building.

T2 e ol in
el I
AP0 Ml wo
F0mm mieerstl wek (0
St Trme

The roof overhangs are shaped so that the low
winter sun comes in, but the high summer sun
is blocked. “

! Source: EFEM
AT COIrTe )

2 % aomn i weat Arkitektkontor,
150mm macatam Gothenburg

’_u!___\ 0 v

7\ imm postyrene

2 CONSERVATION | 2.1 HEATING AND COOLING ‘ 2.1.4 ARCHITECTURE 277




Architect
Anders Nyquist’s
home (built
1991-1993) in
Rumpan, near
Sundsvall, Swe-
den, is extremely
energy efficient.
It is not only well
insulated but
also dug into the
ground. The only
facade, facing
south, is glassed
in and used as a
greenhouse.

Intake air in the wooden

false ceiling

Passive Cooling

In hot climates it is important to design
buildings so that excess temperatures are
minimized and then to work with passive
methods of cooling. In order to minimize
excess temperatures, there are many architec-
tural design factors to consider. The build-
ing itself can be protected from the sun and
the indoor heat 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-
lated wall does not let as much heat into a
building as an uninsulated wall.

Heavy Mass

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

There are various ways of shading a building
so that it isn’t heated by the sun. Buildings
can be placed close together so that they
shade each other, and double roofs or other
construction details can be used to shade a

building’s shell.

Window Shading

It is especially important 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 occupants move according
to season. People in the Nordic countries

2 CONSERVATION |

used to move into the kitchen for the win-
ter. In hot climates, people can move out
into the courtyard to get some shade, live
on the roof to enjoy the evening breeze, or
move into the basement on extremely hot

days to be cooled by the earth.

Indirect Daylight

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

In some climates, ventilation is the only
thing that can provide a little cooling.
Therefore buildings are designed so that
they are easy to ventilate. Floor plans are
used that 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 illuminate the room
while simultaneously
keeping out most of the
sunlight and heat. In ad-
dition, screens allow vis-
ibility outward without
allowing visibility inward.

| The illustration shows

window openings with
screens (Mashrabiya)
in a traditional Egyptian
building in Cairo.

Source: Natural Energy
and Vernacular Architec-
ture, Hassan Fathy, 1986
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An Egyptian building with natural ventilation via
a malkaf.

Advanced Ventilation

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

The American architect Malcolm Wells began designing underground
earth-covered homes. He felt that vegetation was so beautiful and valuable
that it shouldn’t be built upon, and that any lost natural landscape should
be replaced with a new version on the roof. In addition, such houses are
protected from the weather. They can be well insulated and designed to

admit a lot of daylight.

Source: Underground Designs, Malcolm Wells, 1977
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Cross-draught in a Malaysian 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 take advantage of the earth’s
cooling effect. A short way underground,
the annual average temperature 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 often a ‘salsabil’ in traditional Egyptian
houses. A salsabil is a stone that is sculpted with
an attractive relief pattern on the front. Water runs
slowly over the stone while intake air blows over
it. A cooling system is thus created in a simple
and beautiful way.
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Dehumidification

In climates where it is both hot and moist,
dehumidification can provide cooling. This
is because comfort does not have to do only
with temperature but with air movementand
relative humidity as well. Dehumidification
can occur passively using salts that absorb
moisture and are then dried using solar heat.
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Cooling through dehumidification.

Green walls and roofs

In hotand humid climates experience shows
that green plants on walls and roofs can
lower the temperature in the wall by 3—4°C
In Singapore special green walls have been
developed with vertical elements including
integrated pots and irrigation systems. In
Switzerland, vertical green walls are used in-
doors to aesthetically moisturize offices.

Radiation

On clear nights, a strong heat radiates towards
the cold, night sky. In the Sahara desert, it is
actually possible to make ice in shallow pools
that are insulated from the ground. There are
various architectural methods for cooling a
building with night-time heat radiation, e.g.
with the help of a shallow roof pool that is
protected (covered over) from the sun during
the day. There is also a special type of metal
coating that has a great capacity for reflecting
and emitting heat. This type of coated metal
helps to cool buildings.

At the International Exhi-
bition in Seville in 1992,
work was undertaken to
temper the hot climate
with shadow from trees
and plants, wind, and
cooling air using earth-
pipes, evaporation, water
and mass.
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MODERN EXAMPLES OF PASSIVE. COOLING

Even in buildings in cold climates there can be problems with excessive indoor tem-
peratures. This occurs primarily in buildings where there are many people and there
is a lot of heat emitted from lights and electronic devices, such as office buildings and
schools. The problem mostly occurs in the summer. Such buildings can thus require

both heating and cooling.

Principles

If buildings are constructed in a way appro-
priate to the climate using heavy materials
that are exposed indoors, the heat storage ca-
pacity of the material can balance out heating
and cooling needs. Buildings can also be pas-
sively cooled with the help of underground
pipes and night cooling. In this case, build-
ings are cooled during the night, the cold
is stored in the heavy materials, which later
help to cool the building during the day.

An excessive temperature problem may
occur during the summer in glassed-in court-
yards. Shading the glass during the summer
is a possibility. Another is to make sure the
glassed-in courtyards are properly ventilated,

e.g. with the option of opening the entire glass
ceiling. It is also possible to passively cool the
intake air to the glassed-in area with the help
of evaporation. One way to do this is for in-
take air to enter through a small waterfall.

Tegelviks School, Kvicksund,
Sweden

Tegelviks School in Kvicksund (on Lake
Milaren, just north of Eskilstuna) is build
of brick, which is a heavy, heat-storing
material, and is ventilated with under-
ground pipes that run in a culvert system
under the buildings. Each classroom also
has a ventilation chimney and windows that
open so that ventilation can be forced.

Tegelviks School, Kvicksund.

Source: Architect: Bengt Strandberg

282 2 CONSERVATION | 2.1 HEATING AND COOLING | 2.1.4 ARCHITECTURE




The Novartis Office Building,

Taby, Sweden

The pharmaceutical company Novartis of-
fice building in Tiby, just north of Stock-
holm, uses only 30kWh/m?/year for heating
and cooling. The low energy requirement is
due to: heavy, heat-storing material indoors;
sunscreening glass and screening from the
sun; underground ducts for intake air; and a
capacity to force ventilation using skylights
in the large, shared indoor courtyard that
contains stairwells, lifts and sitting areas.

The Novartis office building in Taby, just north of
Stockholm.

Source: Arkotek Architects Ltd

The Prisma House, Office Building,
Nuremburg, Germany

The German architect Joachim Eble has de-
signed an office building in Nuremburg with
a wall containing a built-in waterfall. Intake
air is brought in via the waterfall to the large,
glassed-in courtyard. During the summer, the
intake air is cooled inside the wall by evapo-
ration of the water. The offices are supplied
with intake air from the glassed-in courtyard.
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The Prisma House,
Office Building,
Nuremburg, Germany
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Efficient Usel ofElectricity.

Reducing electricity consumption in a building has to do in part with choosing efficient
equipment available on the market and in part with minimizing the need for electricity by
using architectural design that provides plenty of daylight. It is of course also important
not to use electricity unnecessarily.
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2.2.0

Use of Electricity

Today’s high electricity consumption makes us dependent on nuclear energy and

coal. Conservation of electricity and expansion of electricity production from renew-
able energy sources are the cornerstones of sustainable electricity use. Therefore, in a
sustainable society, electricity should only be used where it is necessary (for electricity-
specific needs). This means, for example, that buildings should not be heated with
direct electric heating and that efficient electric products should always be chosen.

Electricity Use in Sweden

Large amounts of electricity are used in
Sweden. In 2008, 144TWh (terawatt-
hours) of electricity were consumed. Elec-
tricity is used in buildings, in industry and
in the transport sector. In addition, about
10 per cent disappears in distribution losses
from electricity lines.

Most of the electricity, 69TWh, is used
in buildings — homes, offices and service
buildings. This means that people work-
ing within the building sector, such as

Energy Quality

Lighting ) "
10% Electricity
Maotors
20% Transporiation Liguid fuels
(electricity Tl
raiways)
- Industrial
30% cess her Ligulel or solid fuels
process heat Juid or 2olid Tuels
or electacity
40% | Space heating heat from
various sourges

When energy use is divided according to energy
quality, it can be seen that electricity is required
for only 10 per cent of energy end uses (lighting
and operation of motors). The remaining end-use
requirements can be met from lower-quality
energy sources, such as fuel or heat.
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architects, engineers and builders play an
important role in future electricity needs.
With the help of energy-efficient technol-
ogy it is possible to satisfy the demand for
convenience with a significantly reduced
consumption of electricity.

An International Comparison

In comparison with households interna-
tionally, households in Sweden use a lot
of electricity. In Norway, where electricity
is cheaper, there is the highest consump-
tion of household electricity in the world.
Denmark uses only half as much electric-
ity as Sweden. The conclusion to be drawn
from this is that if electricity is inexpensive,
as in Norway, electricity consumption is
high, but if electricity is expensive, as in
Denmark, less electricity is consumed and
it is almost never used for space heating. In
Denmark, buildings and water are heated
with fuel (fossil or biomass) instead of elec-
tricity. Electricity prices are however on the
increase in Norway.

Electricity Specific

Electricity is a high-quality and expensive
energy source and should therefore only be
used where it cannot be replaced with a fuel,
e.g. for running motors and for lighting. A
sustainable society should try to limit the
use of electricity and in principle only use
it for electricity-specific needs. How impor-
tant this is of course depends on how the
electricity is produced. Today a lot of elec-
tricity is still produced with nuclear power
and in power stations that burn fossil fuels.
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Electricity consump-
tion in Sweden is
mainly by the housing
sector, services, etc.,
amounting to 55

per cent of the total.
Industry consumes
42 per cent of the
total and 3 per cent
is consumed by the
transportation sector
for trains, streetcars
and subways.
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Electricity production per capita in 2006 by energy
source. Iceland produces a lot of electricity from
hydropower. This electricity is used for electricity-
intensive industry, primarily aluminium smelting.

Source: ‘Energilaget’, The Swedish Energy Agency, 2008.

Household Energy Consumption

Electricity in homes is used for appliances,
lighting, electrical devices and for pumps
and fans (operating systems). Appliances
are used for storing food (e.g. refrigerators
and freezers), cooking (e.g. cookers and ov-
ens), clothing care (washing machines and
dryers), and cleaning dishes (dishwashers).

Refrigerators
& freezers

Lighting

The electricity consumption of a typical house-
hold in Sweden is about 6000kWh/year and is
distributed as shown in the diagram.
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The appliances that use the most electricity
are refrigerators and freezers since they are
on around-the-clock, year-round.

Increasing Energy Efficiency

Technology is currently available to reduce
electricity use without lowering the stan-
dard of living. For example, energy-efficient
appliances and lighting should consistently
be used. Furthermore it should be ascer-
tained whether the desired end use can be
met without electricity. Is it possible to re-
duce lighting needs with the help of more
and better daylight? Is it possible to use
smaller refrigerators and freezers with the
help of larders and cellars? Can electricity
use be replaced with a fuel source? Is it pos-
sible, for example, to cook with gas or use
a gas-powered refrigerator? Is it possible to
use a wood-burning baking oven or a wood-
burning sauna? Do we need all our electri-
cal devices, or could life be better if we did
without some gadgets?

Electric Current Limiters

The cost of electricity consumption depends
not only on the amount of energy used but
also on how high the peak current is. The
higher the peak current, the larger the elec-
trical system and the fuses required. Elec-
tricity rates are based, among other things,

2 CONSERVATION | 2.2 EFFICIENT USE OF ELECTRICITY | 2.2.0 USE OF ELECTRICITY




on fuse strength, or how much current is
required. It is self-evident that if all a house-
hold’s electrical devices are used simultane-
ously, an oversized system is required. A
current limiter cuts off the peaks since the
load sources are given a priority order. For

example, a current limiter can turn off the
hot water heater while the electric cooker is
being used.

Another way to keep electricity costs
down is to use a cheaper night rate. Auto-
matic controllers are available for this.

Four Levels of Household Electricity Consumption for a Four-Person Single-Family Home

The first column shows average consumption. The second column shows that total electricity consumption is halved if the best
available technology on the market is used. The third column shows that electricity consumption can be reduced by a factor of
four if better devices and more energy-efficient technology are used. The fourth column shows the electricity requirement where
electricity is only used for electricity-specific end uses, e.g. in a house where electricity comes from a solar cell system.

Household electricity Average Best available technology ~ Greater efficiency Solar cell electricity
Food storage (refrigerator and ~ 1400kWh/year 415kWh/year 300kWh/year (refrigerator ~ 200kWh/year (larder
freezer) and freezer) and refrigerator/
freezer) *
Cooking (cooker and oven) 1000kWh/year 650kWh/year (+kettle) 200kWh/year (+ gas 0 (only gas)
range)
Clothes care (washing and 1000kWh/year 365kWh/year (condensing  250kWh/year (connected ~ 50kWh/year (outside
drying) dryer) to hot water) drying and cold water
wash)
Dishwashing (dishwasher) 500kWh/year 220kWh/year 50kWh/year (connected to 0 (hand dishwashing)
hot water)
Lighting 900kWh/year 550kWh/year (50% light ~ 300kWh/year (few light 250kWh/year (energy-
bulbs) bulbs) saving mode)
Electrical devices 1000kWh/year 700kWh/year (normal 350kWh/year (few) 225kWh/year (energy-
(many devices) amount) saving mode)
Total 5800kWh/year 2900kWh/year 1450kWh/year 725kWh/year

Note: * In the solar cell alternative, to further reduce the need for electricity, a liquefied-gas-powered refrigerator/freezer could be used.

Current transfaormer Heating group
e.g. Hot water
Relay switch | Junction exchange . heater
1Al QF—H|O O O Oeie
1208 Q—0—HO © © Offier
1
1.3,168| O | _O O & O__,._i?__
I
{2 G =

Current limiter

Schematic diagram of a single-stage current limiter connection. The current limiter can, for example, turn
off a heating group when there is a current overload on one of the fuses L1, L2 or L3.

Source: Vattenfall Utveckling AB
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2.2.1 | Appliances

Appliances, especially refrigerators and freezers, use a relatively large amount of elec-
tricity in a home — about 25 per cent of total household electricity. When it is time to buy
a new appliance, a model that uses the least amount of electricity should be chosen.

It is also important to choose appliances that have additional environmentally friendly
aspects, e.g. refrigerators and freezers that use environmentally friendly coolants and
appliances that don’t make too much noise.

More Efficient Appliances

E Was!::mg
macnine

Electricity consumption could be reduced by n e rg y

50 per cent if the most energy-efficient prod- Manufacturer

ucts on the market were consistently chosen, Model

and electricity con.sumption could- be reduc.ed More efficient
to one-quarter of its current level if alternative
methods that meet the same end-use needs
were chosen. There is continual progress made
in technology, and products in the prototype
stage are more energy efficient than equivalent
products on the market. It should be noted that
functioning appliances should not be thrown
away since it took a lot of energy and raw mate-
rials to produce them. It is when new applianc-
es are going to be bought or when old ones that
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HEFL ETC The energy label provides information about
energy consumption and other important
characteristics which makes it is easier to
choose energy-efficient household
appliances. The labels are uniform within
the EU and obligatory.

Technical development has made it possible to meet the same household
end uses with less electricity. The bars show from left to right: (1) average
stock, (2) the best model on the market, and (3) technically and economi-
cally possible low-electricity versions.

Source: Dr Jargen Nergard, Danmarks Tekniska Hogskola, Lyngby, near Copenhagen
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have stopped working are to be replaced that
it is important to consider energy efficiency. In
some cases, however, energy efficiency has im-
proved so much that it can be worthwhile to
replace appliances before they are completely
worn out, e.g. in the utility room in a block
of flats where replacing washing machines and
dryers may be worth considering.

Energy Labelling

A large amount of electricity could be saved
if everyone used energy-efficient appliances.

Energy labelling divides up products
into categories from A to G, where A is the
most energy efficient and those in category
G use the most energy. From the perspective
of sustainable development, only products
in category A should be chosen. The new-
est equipment is more efficient than can be
shown using this scale, today there are A+,
A++ and A+++ products on the market. The
machines have become so efficient that they
have grown out of the energy labelling sys-
tem that was introduced in the mid-1990s.

In Norway, larders with built-in condensing units
are common. In the winter, it is cool enough in
the larder. In the summer, when the larder gets
too warm and the price of electricity is low, the
condensing unit is turned on.

2 CONSERVATION I 2.2 EFFICIENT USE OF ELECTRICITY ‘ 2.2.1 APPLIANCES

Refrigerators/Freezers

Refrigerators and freezers are one of the
greatest electricity consumers in a house-
hold. Separate refrigerators and freezers are
more energy efficient than combination
models. However, if there is a larder, a single
combination refrigerator and freezer may be
sufficient and use less energy than two units.
A chest freezer is more energy efficient than
an upright freezer since cold air is heavier
than hot air and ‘falls out’ of an upright
freezer every time it is opened. The electric-
ity consumption of refrigerators and freezers
is also affected by the room temperature. So
a kitchen shouldn’t be unnecessarily warm,
and it is a good idea to place chest freezers
in a cool spot. One possibility is to place the
condenser outdoors, but then the excess heat
cannot be used to help heat the building.

In a cold climate a refrigerator is not
needed during the winter. A larder is ad-
equate, which can be cooled with a con-
densing unit in the summer when cooling
is required and electricity is cheap.

The most efficient small refrigerator, with
a volume of 150 litres, uses 135kWh/year.
The most efficient large refrigerator, with a
volume of 307 litres, uses a similarly small
amount. The most energy-efficient combina-
tion refrigerator/freezers, with a 189 litre re-
frigerator and 96 litre freezer, consume about
192kWh/year. The most energy-efficient
upright freezers, with a volume greater than
220 litres, use about 280kWh/year. Energy-
efficient chest freezers, with a volume greater
than 220 litres, use about 190kWh/year.

Washing Machines

The amount of electricity consumed by a
washing machine depends on the tempera-
ture of the wash water and the amount of
water used. In recent years, new models of
washing machines have been developed that
use much less water and are much more en-
ergy efficient. Washing machines should be
loaded with the maximum possible load.
Lower wash temperatures should be used
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and prewash cycles excluded except for very
dirty items. A 90°C wash uses about twice
as much electricity as a 60°C wash and four
times as much as a 40°C delicate wash.
People wash about 150-200kg of wash-
ing per person per year. The portion of 90°C
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Electricity consumption, TWh: 1.8 1.6 1.0

New energy-efficient refrigerators and freezers mean that the energy
consumption for food storage can be greatly reduced. Appliances are com-
monly divided into three classes: the ones currently being used, the best
available technology on the market, and future technology currently in the
prototype stage.

Source: Gullfibers tidning /solerat, 1996
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The winning machine uses so little electricity and water that it is economi-
cally advantageous to buy new machines immediately. In spite of the new
capital cost of new equipment, the total cost per year is much smaller than
before.
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white colour wash has decreased to about
one-tenth of the total. The rest is quite even-
ly divided between 60°C and 40°C washes.
Older washing machines may have a
water consumption of about 67L/kg. In
2001, the best washing machines used about
40 litres of water for a 5kg wash and con-
sumed about 180kWh/year. New washing
machines often have a shower system that
makes them much more water efficient. A
pump continually supplies water to a shower
that sprays water over the laundry. In the
washing phase there is only a small amount
of water in the bottom of the drum. An al-
ternative to the shower system is to equip the
inner perforated drum with scoops that pour
water over the textiles. There are also wash-
ing machines with a built-in scale that weighs
the wash and adjusts the amount of water and
energy use accordingly. The water in clothes
washers and dishwashers is usually heated by
electricity in the washers. Central heating
systems save electricity but require machines

Energy Gonsump
tion kKWhi'ka dry
wash

Nutek, the Swedish Agency for Economic and
Regional Growth, asked the washing machine
industry for help to make old utility rooms in
multi-family houses more energy efficient. The
winning technical solution for washing and drying
was almost ten times more energy-efficient than
the earlier ones.
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that can be connected to both cold and hot
water. Such machines are unusual in Sweden
but can be purchased from Germany.

Utility Rooms

In utility rooms in the early 1990s, it was
common to use 8kWh for each kg of dry
washing. In 2003, the same amount of
washing could be done with 0.8kWh. This
means that the technology improved by a
factor of 10. With such an improved energy
efficiency, it even pays to replace function-
ing utility room equipment. The electricity
and water consumption is so much less with
new machines that the total cost is less de-
spite new capital costs.
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Energy- and water-efficient washing machines
have been developed. Among others, Electrolux
has developed a machine that recirculates the
wash water and showers the water over the wash.
There are also washing machines with a built-in
scale that adjusts the amount of water according
to weight of the load.

Drying Cabinets

Condensing drying cabinets use about
80 per cent less electricity than drying cabi-
nets with heating elements. The drying cabi-
nets that consume the most energy are those
that are connected to an exhaust air duct and
ventil