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1. Introduction
1.1. Problem Formulation
Today’s focus on healthier lifestyles is leading many people to
question the influence of building structures and interior spaces
on their wellbeing. Most people spend approximately 90% of
their entire life in interior spaces breathing air which may contain
toxic chemicals from building materials.
LACK OF RESEARCH
IN INDOOR AIR
POLLUTION

A large body of scientific work exists within the field of outdoor
air. Until now, an in-depth examination of the influence of indoor
air has been largely ignored.

DENSE BUILDINGS
LEAD TO ALARMING
INDOOR AIR
QUALITY

Due to today’s common dense building envelopes air exchange
through leaks has become impossible. The resulting raise in indoor air pollution increases the risk of residents developing environmental diseases.
Restrictions on potentially health threatening substances in in-

LACKING LEGAL
BASIS FOR THE
REGULATION
OF EMISSIONS
OF BUILDING
MATERIALS

door air do not exist for private nor commercial office spaces. This
is true for emissions from building as well as furniture materials.
This issue is based on a legislation amendment from 2014.
The following statement was made by Prof. dr. Dirk Müller from
RWTH University Aachen: „It can be assumed that in Germany
every week at least one public building will be closed directly after
new construction or renovation because of pollutants. Or should
be closed!„ According to Bachmann, this does not only apply to
public buildings. (Bachmann 2015)
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1.2. Objective and Structure
The following question will be discussed, analyzed and answered
in this thesis.
How can volatile organic compounds (VOCs) be avoided and a
health-promoting residential building be created?
A close examination of materials and construction methods that
will ensure the lowest total volatile organic compound (TVOC) values and thus support healthy indoor air quality will be performed.
Indoor air quality measurements will be done to clarify this issue.
Additionally, olfactory and visual material preferences will be evaluated by a survey.
The results of the broad literature research, the TVOC measurements and survey results serve as guides for architects, interior
designers, planners and builders and should support them in the
planning of a low-emission house.
To be able to discuss and answer the research question the following additional questions need to be addressed:
1. What effects does the conventional construction of residential
buildings have on indoor air quality and what are the health risks?
2. Which opportunities to influence do architects and planners
have during the planning process to optimize the health safety
and the quality of residential properties?
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The overall health and well-being of people occupying interior
spaces is mainly influenced by five physical quantities:
- Room air temperature
- Temperature of the room enclosing surfaces (floor, walls & ceiling)
- Air circulation
- Humidity
- Gaseous and dusty contaminants (VOC emissions)
Four of the above criteria are well controlled in most of the western world. However, the fifth criterion has again become a problem in the last several decades although removing fossil fuel-based heating systems. The focus on energy savings and the wish to
lower pollution levels in the atmosphere led to higher pollution in
today‘s buildings. The problem of indoor air pollution is analyzed
and described in this work. A possible solution is presented in this
context and can be found in chapter 3.4. and the final section.
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2. Challenges of
Healthy Building
2.1. The Living Room in the 21st Century
In modern buildings there are about 70,000 different chemical
compounds that could potentially release pollutants into the interior. Those substances are contained in innumerable building
materials such as chipboard, paints, varnishes, adhesives, resins,
oils, detergents, floor coverings, etc.
Technological progress in the 1950s and 1960s has led to cheaper and more efficient chemical building materials. The focus was
on fast production while health consequences on the later inhabitants were not considered. The disadvantages of those practical
and versatile substances such as asbestos, wood preservatives or
polychlorinated biphenyls (PCB) only became known years later.
However, these scandals did serve to slow down the success and
popularity of chemical building products only in the short term.
The advantages of easy accessibility and workability outweigh the
concern for health. (Bachmann and Lange 2013, 87)
In 1977, the first German regulation regarding energy saving was
issued called the Thermal Insulation Ordinance (Wärmeschutzverordnung), now known as the Energy Saving Ordinance (Energiesparverordnung). Specifically, the goal was to minimize heat energy loss by creating denser building walls. As a result, moisture
and emissions from construction products and furniture could not
escape through the dense outer walls. This has led to higher pollutant levels and increased mold in the interiors. (Bertram 2016,
5–6)
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ENERGY-EFFICIENT
AND HIGHLY AIRTIGHT BUILDINGS
WITH EMITTING
MATERIALS

One solution to compensate for the lack of air exchange in buildings are built-in ventilation systems which should automatically
renew the air in the interiors.
Among other things, chemicals or mold spores in the indoor
air can lead to the so-called Sick Building Syndrome (SBS) and
Building Related Illnesses (BRI). However, these conditions often
occur in buildings that are artificially ventilated. (Volkenant et al.
2008, 11) This fact leads to the question whether built-in ventilation systems are an appropriate solution.
CONTROLLED
VENTILATION – A
NOT OPTIMAL
SOLUTION

Ventilation Systems contain microorganisms such as mites, bacteria, molds or even legionella and can accumulate and multiply
which are then distributed throughout the house via ventilation
ducts. This can cause infections, allergies and respiratory diseases. In addition, the constant stream of air pulls dust into the interior air which can cause health problems especially for allergy
sufferers. (Volkenant et al. 2008, 11)

Fig. 1

Building envelope and pollutant concentration: past, today and tomorrow (Bachmann

and Lange 2013, 12)
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Ecologically sustainable building as it is currently often practiced
is often mistakenly equated with healthy construction. It is a mistake to think that natural materials of necessity are also better for
health.
Ecological and sustainable building is mainly about the use of natural, renewable resources which have the smallest possible ecological footprint.
In contrast, the main criterion of health-conscious building is to
use building materials that are as low in emissions as possible
which are not always natural. Woods also release pollutants in the
form of terpenes which can be potentially harmful for allergy sufferers. (Bertram 2016, 10)
Nonetheless, the use of environmentally friendly materials will
normally always have a positive impact on human health as fewer
chemicals are used and nature is treated with care.
The indoor air load depends on how many and how strong emission sources can be found in a household and how well the rooms
are ventilated. The indoor air quality has a direct influence on the
well-being, health and productivity of the residents. It should be
noted that pollutants from outside air can additionally pollute indoor air quality. (Bachmann and Lange 2013, 23)
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IS TODAY‘S
SUSTAINABILITY
AND ECOLOGY
TREND HEALTHY?

2.2. Laws and Guidelines
In the EU, legal testing and information requirements only concern selected products. Product information on health and environmental impacts is usually missing.
2011:
INTRODUCTION
OF THE EU
CONSTRUCTION
PRODUCTS
REGULATION (EU
CPR)

In order to guarantee the free movement of goods and fair competition within the European internal market, the European legislator passed the EU Construction Products Regulation (EU CPR)
No. 305/2011 in 2011. One of the main objectives of the regulation is to introduce European standards for construction products
and to abolish national standards. (Outi et al. 2015, 9–10)
Since then, Germany has continued to use the German mark of
conformity (Ü-Mark) to compensate for health deficiencies in the

2014: JUDGMENT
OF THE EUROPEAN
COURT OF JUSTICE
(ECJ) (VALID FROM
2016)

EU regulation. Following a ruling by the European Court of Justice
in 2014, Germany is no longer permitted to declare its products
with the Ü-mark in addition to the international CE-mark because
of a violation of the market inhibition ban. (CJEU, judgment of

CONSEQUENCES
OF THE JUDGMENT
OF THE ECJ

16.10.2014 C-100/13) The obligation of manufacturers to analyze
their products for emissions has therefore been abolished. Since
October 2016, health-related labeling has only been voluntary.
(Kuebart and Roth 2017, 7)
The ruling also meant that the Model Building Regulations (MBO)
had to be adapted, which means that the structural safety requirements no longer apply to the individual building products but to
the entire building. (Kuebart and Roth 2017, 12–14)
In addition, by abolishing the Ü-mark, responsibility no longer lies
with the state, but on a private level, with manufacturers, planners,
architects, etc.
This not only entails a corresponding liability risk, but also substantially increases the effort for planners and architects to meet
the requirements for healthy indoor air. (Bachmann 2017)
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The manufacturer is responsible for the conformity of the construction product with its declared performance, while the designer and architect must assess whether the performance declarations meet the intended applications and ensure the basic
requirements of the structure. The declarations of performance
of CE-marked construction products neglect key criteria for ensuring occupant health protection including indoor VOC emissions.
(Jann, Walker, and Witten 2018, 108–9)
According to Kuebart and Roth the assessment of entire buildings
instead of individual products can also be viewed positively. The
fact that not all materials have to meet the same requirements allows a more flexible use of different materials. Nevertheless, the
requirements for the CE mark must first be adjusted to ensure a
sufficient level of protection. (Kuebart and Roth 2017, 14)
Legal limit values for chemical substances in interiors only exist
for workplaces where chemical hazardous substances are used,
but not for residential and office space, etc.
In 1996, the „Committee on Indoor Climate Values“ (AIR, formerly
Ad Hoc Working Group), which is part of the Federal Environmental Agency, set guidelines that indicate the concentration at which
a single substance is hazardous to health. Potential interactions
with other substances have not been taken into account in setting
the guidance levels. (Bachmann and Lange 2013, 59–61)
“Guidance level (GL) II represents the concentration of a substan-

GUIDANCE LEVEL II

ce in the indoor air, on reaching or exceeding there is immediate
need for action, since this concentration is suitable to endanger
the health of vulnerable persons, including children, especially for
permanent residence.”
GL II defines a danger threshold and serves the purpose of danger defense (danger principle).
On the other hand, the guidance level I stands for the precautionary principle, which is defined as follows:
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GUIDANCE LEVEL I

“Guidance level I is the concentration of a substance in the indoor air within the framework of an individual substance analysis,
which is not expected to be impaired during life-long exposure
of susceptible persons. For precautionary reasons there is also
a need for action in the concentration range between GL I and
GL II. GL I can serve as a refurbishment target and should not be
exhausted, but should be underrun if possible. (Bundesgesundheitsblatt 2012, 280)
Ventilation and cleaning measures are recommended by the AIR
at concentrations above the GL I; if these measures do not remedy the problem, structural measures are necessary, since for reasons of precaution a long-term exposure1 is unacceptable.
The guidance levels are not legally binding. In enforcement, however, one can refer to several environmental laws (precautionary
principle) and the police and regulatory law (security principle)
with regard to the two legal principles and thus achieve a legal
liability. (Wilke 2017, 28-35)
Further it must be mentioned that interior reference values exist
only for approximately 50 substances or groups of substances.
Laboratories that offer indoor air analyzes examine between 200
and 500 different VOC substances. In addition, there are many
other unexamined substances. (Jann, Walker, and Witten 2018,
46) Consequently, it can be said that the difference between the
number of evaluated and actually existing substances is still very
large and action is needed.

1

more than 12 months
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2.3. Health Risks
Bad indoor air, polluted by emissions from building products, furniture, etc. can sooner or later lead to health problems.
A substance taken into the human body always occurs because of
exposure to a substance. The absorbed amount of substance depends on the concentration, water and fat solubility of the respective substance in the room air. (Jann, Walker, and Witten 2018,
26–27)
In addition, the health impact of indoor air pollutants depends on
the physical sensitivity and constitution of the occupants, as well
as the strength of the stimulus and the duration of exposure. (Volkenant et al. 2008, 9)
The effects of pollutants in the body have to be differentiated between local and systemic effects. In the local action, the reactions
are directly in the respiratory tract. In case of substances with systemic effects, the distribution of the substance in the organism
can damage organs, nervous systems, tissue and cell structures,
etc. (Jann, Walker, and Witten 2018, 26–27)
Probably around 25% of all Germans suffer from allergies and the
number of children and adolescents is increasing. Allergies can
be genetically determined but they also get promoted by the environment and todays lifestyle. So far, the relationship between
VOCs and discomfort is far too rarely considered in studies on
a medical basis. (Mücke 2004, 4) According to the studies LARS,
LISA and LISS, renovations associated with increased VOC exposure in indoor air, pose a major threat to children and unborn children by promoting allergies or skin diseases later in life due to
their immune system not being fully developed. (Lehmann, Herbarth, and Böhme 2006, 90–95) Around 60% of parents do reno-
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ALLERGIES

RENNOVATIONS
ARE A HIGH RISK
FOR UNBORNS

vations in the nursery, during pregnancy or within the first year
after birth. According to appraisals, in Germany around 20,000
cases of wheezing children could be avoided if parents refrained
from new floor coverings during pregnancy and during their first
year of life, including the laying of floor coverings without adhesives. (Franck et al. 2014, 393-400)

ENVIRONMENTAL
DISEASES

Sick Building Syndrome (SBS) is a specific building-induced disease of the human organism characterized by nonspecific symptoms such as fatigue, depression, performance decline, headache, difficulty breathing, sore throat, skin rash, etc. The symptoms
usually occur in modern buildings, often with artificial ventilation.
A possible cause of the diseases are chemical factors such as solvents from paints, adhesives, as well as VOCs from many other
building materials. (Fritsch 1996, 294–95)
An extreme form of chemicals sensitization forms the disease Multiple-Chemical-Sensitivity (MCS). as the name already suggests,
affected people respond to a variety of chemical substances even
from a minimum concentration. The symptoms are mostly nonspecific ranging from discomfort to cerebral edema or impaired
lung function. (Volkenant et al. 2008, 12)
Similar complaints are caused by the Wood Preservative Syndrome (HSMS). The disease develops from an initial malaise gradually to organ diseases and vegetative disorders. The pesticides
PCP (pentachlorophenol), lindane or even biocidal substitutes
formerly contained in wood preservatives could be identified as
disease-causing substances. (Volkenant et al. 2008, 11)

RELATIONSHIPS
BETWEEN EMISSIVE
SUBSTANCES
AND MODERN
WIDESPREAD
DISEASES

There are thousands of cases in international occupational medicine with a link between certain substances and diseases. For
example construction workers who often work with adhesives suf-
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fer from organ tumors or painters who show an increased brain
tumor rate. (Fritsch 1996, 352–53)
A World Health Organization study from the year 2000 provides
information on some substances that are extremely harmful to
health. Studies in humans and laboratory animals have shown that
the most questionable substance benzene found in paints, varnishes and adhesives (see 3.3.), is multisite carcinogenic and can
causes all types of tumors. (Theakston 2000, 62)
Not enough research exists in the field of environmental medicine
and it turns out to be difficult to recognize and prove connections
due to the long latency of diseases such as cancer, etc. It is estimated that around 20-30% of workplace cancer is due to long-term
exposure to harmful substances. (Fritsch 1996, 352–53)
The same substances can also be found in homes where they emit
in small amounts for a long time and thus potentially endanger
inhabitants.
In 2012, there were approximately 4.3 million deaths from household air pollution worldwide, including 99,000 deaths in Europe‘s
low-income countries and 19,000 deaths in high-income countries. (Smith et al. 2014)

2.4. Challenges
According to Jann, Walker and Witten, a discussion with a series of
questions regarding indoor air quality occurs mostly after health
complaints arise. In order to prevent immense and very costly refurbishment measures in advance it is of vital importance that the
choice of non-hazardous materials be made well in advance of
the actual construction and preferably during the very first steps
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HUGE, UNCLEAR
AND COMPLEX
SELECTION
OF BUILDING
MATERIALS

of the planning phase of a building. (Jann, Walker, and Witten
2018, 85–86)
Planning and implementation processes with regard to low-emission construction are however, still very difficult for builders and
planners today because low-emission construction is not part of
the norm. Often different experts from different areas have to be
consulted which complicates the planning of a construction project. In addition, the constant change in the field of construction
products and in terms of chemical building material groups is a
great challenge for architects and planners. The knowledge of
these people is often not enough to implement healthy construction projects successfully. Superordinate strategies and data are
needed to make work easier for architects and planners. (Haas
2016, 14)
Planners and architects must now have competences not only in
building construction and materials science but also in three very
different areas;
- Construction / Building safety as regards human health
- Chemistry knowledge
- Juristic expertise
As a result of the additional skills required a completely new job
profile emerges, that of Residential Health Coordinators (Wohngesundheitskoordinator (WoGeKos)). The tasks of WoGeKos include the selection and analysis of contaminants of all building
materials and materials to be used. (Bachmann and Lange 2013,
239)
LABELS AND
PRODUCT LABELS
ON A VOLUNTARY
BASIS MAKE THE
SITUATION EVEN
MORE CONFUSING

In Europe, there is not yet one clear, independent, universally
recognized, economically and politically independent label that
provides insight into ingredients, low emissions, sustainability,
global warming potential, groundwater hazards, social standards
in production, energy efficiency, recyclability, nature conservation,
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etc. of a construction product. (Bachmann and Lange 2013, 307)
Often labels only check a single criterion such as low emissions or
carcinogenic effects, other effects or sources of danger are disregarded. Not all examiners stick to the standard values of the AIR.
(Roth 2018, 13–14)
Due to the increased environmental and health awareness of consumers, many construction product manufacturers use certifications of low-emission products as a marketing tool. (Nehr and Hösen 2016, 4)
Nevertheless, labels and product seals can help orienting in the
jungle of construction materials.
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3. Building Materials
& Emissions
3.1. Volatile Organic Compounds
VOCs are potentially hazardous pollutants that originate mostly
as chemicals from building materials such as composite materials,
paints, adhesives, thinners, etc. and pollute the indoor air when
exhaling. (Wurbs 2016, 17-18)
The lower the boiling point of a VOC, the faster it evaporates, the
higher are the concentrations in the ambient air during processing and the faster it can be removed by airing.
VVOC, VOC & SVOC

• boiling range between 50 - 100 ° C; very volatile organic compounds (VVOCs)
• boiling range between 60 - 260 ° C; volatile organic compounds
(VOCs)
• boiling range between 260 - 400 ° C; semi volatile organic compounds (SVOCs) (Volkenant et al. 2008, 197–99)
Chemical substances are able to cause various effects such as
irritations, effects on the nervous system, odor effects and allergy-causing effects that affect the skin and respiratory tract, etc.
Irritating effects are often associated with the chemical groups,
alcohols, aldehydes, ketones, esters and organic acids as well as
the individual substances, 2-ethylhexanol, formaldehyde, pentanal, ethyl acetate or butyric acid. While short-term irritation usually does not produce any harmful effects, prolonged irritation can
seriously damage the defense mechanisms as well as the human
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organism. Many VOCs also have a noxious and disgusting odor
potential. The odorous chemical compounds include the aldehydes, unsaturated hydrocarbons, terpenes, and organic acids.
Some VOCs such as toluene, xylene, styrene and other alkylbenzenes which belong to the aromatic hydrocarbons but also aliphatic hydrocarbon compounds cause damage to the nervous
system and have a carcinogenic effect. (Jann, Walker, and Witten
2018, 29–32)
In the context of consumer protection, more and more non-smelling construction products are being manufactured. Those
low-emission products, however, contain SVOCs which can settle
in house dust and thus in turn could have harmful side effects for
end users. (Volkenant et al. 2008, 198) In addition, there are substances that have organ - and fertility-damaging effects or even
damage the unborn child and can cause genetic defects.

3.2. VOC- Assessment Scheme
Since 2001, VOCs have been assessed in Germany according to
the AgBB scheme of the Committee for the Health Assessment
of Construction Products (Ausschuss zur gesundheitlichen Bewertung von Bauprodukten (AgBB)). The scheme evaluates the
Total Emissions Measurements (TVOC) at three and 28 days and
weights the individual compounds (VOC and SVOC) toxicologically. The building inspectorate approval of relevant construction
products for the interior requires compliance with the AgBB scheme.
The goal of the scheme is security according to Model Building
Ordinance (MBO). The TVOC limit value after 28 days is based on
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the highest limit conductance of the TVOC range according to AIR
of 0.3-1 mg/m3, which is classified as „hygienically harmless“, as
long as no guideline value is exceeded for individual substances
or groups of substances. (See chapter 4.1., fig. 5) The AgBB scheme 2 only considers carcinogenic substances but no mutagenic or
reprotoxic substances. Combination effects between the various
individual substances have so far been largely unexplored. However, experts assume that the values of the individual substances
add up and do not reinforce or weaken each other. (Kuebart and
Roth 2017, 7–9)
AGBB-SCHEME

Flow Chart for the Evaluation of VVOC, VOC and SVOC Emissions from
Building Products (AgBB Scheme 2015)
Test 1
after 3 days

TVOC3 ≤ 10mg/m3?

no

reject

no

reject

no

reject

no

reject

no

reject

no

reject

no

reject

yes
Carcinogens3 of EU cat. 1A and 1B1 ≤ 0.01mg/m3?
yes
Test 2
after 28 days

TVOC28 ≤ 1.0mg/m3?
yes
∑SVOC28 ≤ 0.1mg/m3?
yes
Carcinogens28 of EU cat. 1A and 1B1 ≤ 0.001mg/m3?
yes
Sensory testing (pilot phase)
yes
Assessable compounds:
all VVOC, VOC, SVOC with LCI*
(including Carcinogens with LCI)
R= ∑C1/LCI1 ≤ 1 ?
yes
Non-assessable compounds:
sum of VOC with unknown LCI*
∑VOC28 ≤ 0.1mg/m3 ?
yes
Product is suitable for indoor use

* LCI: Lowest Concentration of Interest (German: NIK)

Fig. 2 AgBB-Scheme (Ausschuss zur gesundheitlichen Bewertung von Bauprodukten,
2018)

2
further information: https://www.umweltbundesamt.de/sites/default/files/medien/355/
evaluation_scheme_2015.pdf dokumente/agbb_
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3.3. High-Emitting Materials
In the construction industry, approximately 20,000 products and
materials are used, which contain approximately 30,000 different
chemical substances. A risk assessment in accordance with the EU
Existing Substances Regulation is currently only available for about 100 chemicals. (Zwiener and Mötzl 2006, 1)
The following table provides an overview of VOC relevant construction product groups, products, chemical substance groups and individual substances. In addition, the table provides information on the
most dangerous health risk factors according to the EU-GHS Hazard
Statements.

Fig. 3

Material board: High-emitting materials
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Volatile Organic Compounds (VVOC, VOC, SVOC, MVOC, POM)
Building product

Possible sources
(Products)

Screeds (cement
screed, anhydrite
screed, mastic
asphalt screed,
synthetic resin
screed)

Preservatives (biocides)
Additive: Condenser,
retarder, accelerator, airentraining agent, sealant
& stabilizer

Flooring

VOC-relevant
mixtures/ Ingredients
that usually have a
speciﬁc purpose

VOC-relevant group VOC-relevant individual
of substances
substances

Aldehyde

Formaldehyde (VVOC),
formaldehyde releasing
compounds [3,7,8,12]

Isothiazoline
compounds

Methylisothiazolinone (MIT)
[3], benzisothiazolinone
(BIT), octylisothiazolinone
(OIT) etc.

Bitumen (mastic asphalt)

Aromatic
hydrocarbons

Naphthalene [9]

Cork

Aldehyde

Furfural [2, 9], hexanal,
heptanal

Linoleum

Carboxylic acids

Propionic acid, butanoic
acid (typical linoleum smell)

Aldehyde
(engineered ﬂooring)

Formaldehyde (VVOC)
[3,7,8,12]

Ester

Phthalates
(diethylhexylphthalate
(DEHP) [10],
dibutylphthalate (DBP) [10],
diisononylphthalate, Tris(2chlorethyl)phosphate (TCEP)
[9, 10], benzylbutylphthalate
(BBP) [10] (SVOC’s)

Alcohols (ester
cleavage)

2-Ethylhexanol [4] (Formed
by cleavage of diethylhexyl
phthalate(DEHP) [10] due to
humidity)

Aromatic
hydrocarbons

Styrene (Vinylbenzol) [4, 6, 8,
11, 13]

Plastic ﬂooring
(polyvinyl chloride
(PVC))

Carpet ﬂooring

Plasticizers

Back material

Aliphatic
Isobutene (Isobutylen), 4hydrocarbons (alkane) vinylcyclohexene [9, 11]
(rubber backing)
Solvents

Aromatic
hydrocarbons

Tab. 1 Self-provided table: High-emitting materials 1
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Styrene (vinylbenzene) [4, 6,
8, 11, 13]

Building product

Possible sources
(Products)

VOC-relevant
mixtures/ Ingredients
that usually have a
speciﬁc purpose

VOC-relevant group VOC-relevant individual
of substances
substances

Plasticizers

Ester

Phthalates
(diethylhexylphthalate
(DEHP) [10],
dibutylphthalate (DBP) [10],
diisononylphthalate), Tris(2chlorethyl)phosphate (TCEP)
[9, 10] (SVOC’s)

Alcohols (ester
cleavage)

2-Ethylhexanol [4] (arises by
splitting of diethylhexyl
phthalate (DEHP) [10] due to
humidity)

Moth repellents (natural
ﬁbres)

Aromatic
hydrocarbons

Naphthalene [9]

ﬂame retardants
(synthetic ﬁbres)

Ester

Triethyl phosphate (TEP),
triphenylphosphate (TPP),
diphenylkresylphosphate (DPK),
tris(2-chloroethyl)phosphate
(TCEP) [9, 10] (SVOC’s)

Rubber ﬂooring

Aliphatic
Isobutene (isobutylene), 4hydrocarbons (alkane) vinylcyclohexene [9, 11]
Solvents

Wood

Alcohols

1,3-dichloro-2-propanol [8]

Terpene

α-pinene, β-pinene, Δ-3carene, limonene

Wood (resin)

Terpene

α-pinene, β-pinene, Δ-3carene, limonene

Binders (adhesives)

Aldehyde

Formaldehyde (VVOC)
[3,7,8,12], hexanal, propanal
[4], butanal, pentanal [4],
heptanal, octanal, nonanal

Isocyanate /
Diisocyanate (ester)
(substitute for
formaldehyde)

Methylendiphenyl
diisocyanate ((MDI) for MDFpanels [4, 5, 9, 14],
polymeric diphenylmethane
diisocyanate (PMDI for OSBpanels) [4, 5, 9, 14]

Carboxylic acids

Hexanoic acid, 2ethylhexanoic acid (as a
replacement for PCP) [11],
acetic acid, etc.

Resinous conifers (pine)

Engineered wood
(plywood, chipboard,
ﬁberboards)

Tab. 2 Self-provided table: High-emitting materials 2
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Building product

Possible sources
(Products)

Insulating
materials &
expanding foam

Synthetic products- EPS
& XPS - insulation panels
(expandet polystyrene,
EPS & extruded
Polystyrene, XPS)

VOC-relevant
mixtures/ Ingredients
that usually have a
speciﬁc purpose

Aromatic
hydrocarbons

Styrene (vinylbenzene) [4, 6,
8, 11, 13]

Halogenated
hydrocarbons

Pentane [1]

Isocyanate /
diisocyanate (ester)

Toluene-2,4-diisocyanate
(TDI) [2, 5, 9],
Methylendiphenyl
diisocyanate (MDI) [4, 5, 9,
14], isophorone
diisocyanate (IPDI) [2, 5]

Alcohols

2-Propanol, benzyl alcohol
[4] etc.

Flame retardants

Ester

Triethyl phosphate (TEP),
triphenylphosphate (TPP),
diphenyl cresyl phosphate
(DPK), tris (2-chloroethyl)
phosphate (TCEP) [9, 10]

Solvents (amount: ca.
20-80%)

Aliphatic
Hexane [1, 11, 14], heptane
hydrocarbons (alkane) [1], 2-methylpentane [1],
hexene [1], heptene[1],
octene [1], cyclohexane [1],
etc.

Propellant

Synthetic products
Polyurethane - insulating
panels & foams (PUR)

Adhesives
(physically
bonding)

Solvent-based
adhesives (wet glues
with synthetic resin
binder), diffusion
adhesives, contact
adhesives

Water-borne dispersion
adhesives (with
synthetic resin binder)
(also white glue)

VOC-relevant group VOC-relevant individual
of substances
substances

Aromatic
hydrocarbons

Benzene [1, 6, 8, 13],
toluene [1, 11, 14]

Alcohols

2-Propanol, benzyl alcohol,
[4] 2- ethylhexaneol, etc.

Ketones

2-Butanone (MEK),
cyclohexanone [4], etc.

Binders (for formation of Ester
resin)

Ethyl acetate, iso-butyl
acetate, butyl acrylate [4], 2ethylhexyl acrylate, etc. (In
case of moisture release of
acrylates)

Solvents (amount: ca.
2-6%)

Same as solventbased adhesives (see
above)

same as for solvent based
adhesives (see above)

Solvents (with higher
boiling point - SVOC)

Glykolverbindungen

polyethylene glycols,
propylene glycol, etc.

Tab. 3 Self-provided table: High-emitting materials 3
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Building product

Possible sources
(Products)

VOC-relevant
mixtures/ Ingredients
that usually have a
speciﬁc purpose

VOC-relevant group VOC-relevant individual
of substances
substances

Plasticizers

Ester

Phthalates
(diethylhexylphthalate
(DEHP) [10], dibutyl
phthalate (DBP) [10],
diisononyl phthalate), Tris(2chloroethyl)phosphate
(TCEP) [9, 10] (SVOC’s)

Alcohols (ester
cleavage)

2-Ethylhexanol [4] (formed
by cleavage of diethylhexyl
phthalate (DEHP) [10] due to
humidity)

Aldehyde

Formaldehyde (VVOC),
formaldehyde-releasing
compounds [3,7,8,12]

Isothiazolinverbindun
gen

Methylisothiazolinone (MIT)
[3], benzisothiazolinone
(BIT), octylisothiazolinone
(OIT) etc.

Aromatic
hydrocarbons

Styrene (vinylbenzene) [4, 6,
8, 11, 13]

Isocyanate /
diisocyanate (Ester)

Toluene-2,4-diisocyanate
(TDI) [2, 5, 9], methylene
diphenyl diisocyanate (MDI)
[4, 5, 9, 14], isophorone
diisocyanate (IPDI) [2, 5],
polimeric diphenylmethane
diisocyanate [4, 5, 9, 14]

Siloxane compounds

Hexamethylcyclotrisiloxane
(D3),
octamethylcyclotetrasiloxan
e (D4) [11],
decamethylcyclopentasiloxa
ne (D5),
dodecamethylcyclohexasilo
xane (D6) etc.

Oxime

2-Butanone oxime (MEKO)
[9]

Preservatives (biocides)

PolyurethaneChemically cured
(reaction adhesives adhesives(PUR)
- solvent-free)

Sealants

Silicone sealants

Acrylic sealant

Aliphatic
n-Decane [1], n-undecane
hydrocarbons (alkane) [1], Isoundecane [3], etc.
Aromatic
hydrocarbons

Tab. 4 Self-provided table: High-emitting materials 4
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Ethylbenzene [1, 4, 14],
Propylbenzol [1], Xylol
(Dimethylbenzene) [1, 4],
etc.

Building product

Possible sources
(Products)

Water based dispersion
paints and-varnishes with
synthetic resin binder like:
Acrylic resin, alkyd resin,
polyurethane resin (PUR),
polymerisate resin (PVA),
epoxy resin, polyester
resin, polyvinyl acetate etc.

VOC-relevant mixtures/
Ingredients that usually
have a speciﬁc purpose

VOC-relevant group of VOC-relevant individual
substances
substances

Ingredients for further
Isocyanate /
purposes (hardener, dryer, diisocyanate (ester)
accelerator, levelling agent,
thickener, anti-ﬁlm agent,
etc.)

Toluene-2,4-diisocyanate (TDI)
[2, 5, 9], isophorone
diisocyanate (IPDI=Härter) [2, 5],
4,4’diisocyanatodicyclohexylmetha
ne (H12MDI) [3,
5],hexamethylene diisocyanate
(HDI, HMDI) [2, 5]

Solvents (amount: up to
10%)

Same as solvent-based
paints & varnishes (see
above)

Same as for solvent-based
paints and varnishes (see
above)

Binders (for formation of
resin)

Same as solvent-based
paints & varnishes (see
above)

Same as for solvent-based
paints and varnishes (see
above)

Solvents (with higher
boiling point - SVOC)

Glycol compounds

Polyethylene glycols, propylene
glycol, ethylene glycol [14],
diethylene glycol [14],
butylglykol [3], etc.

Plasticizers

Same as solvent-based
paints & varnishes (see
above)

Same as for solvent-based
paints and varnishes (see
above)

Siccatives (hardener /
desiccant)

Same as solvent-based
paints & varnishes (see
above)

Same as for solvent-based
paints and varnishes (see
above)

Preservatives (biocides)

Aldehyde

Formaldehyde (VVOC),
formaldehyde-releasing
compounds [3,7,8,12]

Isothiazoline
compounds

Methylisothiazolinone (MIT) [3],
benzisothiazolinon (BIT),
octylisothiazolinone (OIT) etc.

Ingredients for further
Isocyanate /
purposes (hardener, dryer, Diisocyanate (Ester)
accelerator, levelling agent,
thickener, anti-ﬁlm agent,
etc.)

Plasters

Synthetic resin plaster

Meta-tetramethyl xylylene
diisocyanate (TMXDI) [2, 13],
4,4’diisocyanatodicyclohexylmetha
ne (H12MDI) [3, 5]

Solvents

Aromatic hydrocarbons

Styrene (vinylbenzene) [4, 6, 8,
11, 13], ethylbenzene [1, 4, 14],
propylbenzene [1], xylene
(dimethylbenzene) [1, 4], etc.

Solvents (with higher
boiling point - SVOC)

Glycol compounds

Propylene glycol, etc.

Tab. 5 Self-provided table: High-emitting materials 5

(cf. Jann, Walker, and Witten 2018 / cf. Bachmann and Lange 2013
/ cf. Liedl and Rühm 2019 / Own knowledge based on air quality
measurements)
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Overview EU-GHS Hazard Statements
Hazard No. (table high
emitting materials)

Hazard Statements

Health Risks

[1]

H304

May be fatal if swallowed and
enters airways

[2]

H330

Fatal if inhaled

[3]

H331

Toxic if inhaled

[4]

H332

Harmful if inhaled

[5]

H334

May cause allergy or asthma
symptoms or breathing
difﬁculties if inhaled

[6]

H340

May cause genetic defects

[7]

H341

Suspected of causing genetic
defects

[8]

H350

May cause cancer

[9]

H351

Suspected of causing cancer

[10]

H360

May damage fertility and / or the
unborn child

[11]

H361

Suspected of damaging fertility
and / or the unborn child

[12]

H370

Causes damage to organs

[13]

H372

Causes damage to organs
through prolonged or repeated
exposure

[14]

H373

May cause damage to organs
through prolonged or repeated
exposure

Tab. 6 Self-provided table: Overview EU-GHS Hazard Statements (REACH Comliance
GmbH, 2019)

As manufacturers aim to bring low-emission, solvent-free products
to the market, solvents have been replaced by low-volatile substances, which release smaller amounts of emissions over a much
longer period of time. Thus, instead of the processors, especially
the end users are affected by the pollutants. Such substitutes include, for example, reactive resins such
as epoxy resins, isocyana
te resins, unsaturated polyester resins, etc. (Winkels 2017, 74–75)
Isocyanates serve as starting materials for the production of polyurethane and are used for example, as low-emission replacement
binders for the high-emitting formaldehyde. According to manufacturers, isocyanates are no longer a health risk for residents after they have been built-in. Occupational physicians and toxicologists have been of the opposite opinion for years. It is well known
that chemical reactions are never complete after use, and certain
products may even revert to their starting materials. Health effects
of isocyanates include mucous membrane irritation, inflammati-
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on, bronchitis, asthma and impaired lung function. In combination with moisture, highly toxic carcinogenic substances are produced. Contrary to the opinion that their low emissions also make
them more health-friendly, Isocyanates are even more harmful
than formaldehyde. (Fritsch 1996, 168–70)
HARMFUL
CHEMICAL
SUBSTANCES

According to researchers, the solvents chlorobenzene and dichlorobenzene, which are found in many wall paints are capable of
irreparably damaging lung cells after 24 hours of exposure. The
solvents caused oxidative stress in the cells during investigations
and in some cases led to cell death. (Mörbt et al. 2011, 1)
Due to the high boiling point above 200 ° C, glycol compounds
used as substitutes for styrene are legally considered to be solvent-free. Those harmful substances emit in small quantities over
a long period of time.
Other low-volatility substances, such as carcinogenic tris (2-chloroethyl) phosphate (TCEP) and the reproductive toxic di (2-ethylhexyl) phthalate (DEHP) found in flame retardants or plasticizers,
can accumulate in house dust, creating a secondary emission
source. (Jann, Walker, and Witten 2018, 91–93)
Water-based emulsion paints and adhesives are increasingly
used as an alternative to solvent-based products. Due to the water content, preservatives such as isothiazoline compounds and
formaldehyde are used to protect against microbial attack. (Jann,
Walker, and Witten 2018, 93)
By using solvent-free, low-odor products, interior spaces get less
ventilated, which would be urgently needed in new buildings.
Thus, it is doubtful whether a large amount of pollutants over a
short period of time, or a small amount of pollutants over a long
period of time, is ultimately more harmful. Low emissions do not
automatically mean a lower health risk.
The wood preservatives Xylamon and Xyladecor, in which up to
approx. 200,000 people were seriously ill or even died, are exam-
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ples of how harmful substances are exchanged without ensuring
that the new chemical substances are harmless. (Dieckmann 2010,
39)
The table of emissive and hazardous substances and their hazard
warnings is far from complete.

3.4. Low-Emitting Building Materials
The following table provides an overview of low-emission construction materials that are suitable for creating a healthy living
space. The following list is not complete.
Many of these substances are not only low in emissions but also
have many other benefits. An important feature is vapor permeability so the house can breathe and odors and pollutants can
escape. From a health point of view, loam and lime are the best
choice, as they have antibacterial and fungicidal properties, regulate humidity very well, absorb pollutants and moisture. Clay
additionally has a radiant shielding effect. The materials are also
very sustainable and ecological, as they can be reused.

Fig. 4

Material board: Low-emitting materials
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Volatile Organic Compounds (VVOC, VOC, SVOC, MVOC, POM)
Building product

Possible sources
(products)

Screeds (cement
screed, anhydrite
screed, mastic
asphalt screed,
synthetic resin
screed)

Clay screed (rammed earth)

Note!

Health effects (positive)
Wood-preserving, odor-absorbing,
moisture-regulating, constant
humidity, good thermal insulation
and storage, sound-absorbing,
completely free of pollutants, the
most ecological building material,
binds pollutants, shields highfrequency radiation

Magnesia screed

Flooring

Laminate

May have low emissions of
synthetic resins
NO adhesives, alternative:
ﬂoating installation (click
system)

Carpet ﬂooring (possibly
from natural ﬁbers)

NO Synthetic foam backing,
alternative: wafﬂe pattern
(e.g., natural rubber (latex)
NO chemical moth repellent,
alternative: plant based moth
repellent
NO glue, alternative: clamp
with ledge (nail bar)

Wood

Floorboards

NO glue, alternative: lay
ﬂoating

Parquet

NO adhesive, alternative:
ﬂoating installation (click
system)

Low resin wood

NO glued wood containing
reactive adhesives and
adhesives containing
synthetic resin, alternative:
solid wood without glue and
appropriate construction

Tab. 7 Self-provided table: Low Emitting Materials 1
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Absorption and storage of water
(hygroscopic), absorption and
decomposition of gases, vaporous
substances, substances and odors

Building product

Insulating
materials &
expanding foam

Possible sources
(products)

Note!

Engineered wood (wood
wool lightweight panels with
mineral binders, ﬁberboards)

NO ﬁberboards produced by
dry process, alternative: Wet
ﬁberboard (up to 3cm thick)

Vegetable insulation
materials (ﬂax, hemp, cotton,
wood wool, wood ﬁbers,
wood shavings, jute, coconut
ﬁber, cork, reed, seaweed,
straw, meadow grass)

NO chemical ﬂame
retardants, alternative:
mineral ﬂame retardants
(expanded graphite),
ammonium sulfate, borax etc.

Mineral insulation materials
(expanded clay, calcium
silicate, mineral foam, perlite,
foam glass)

Adhesives

NO chemical moth repellent,
alternative: plant based moth
repellent

Water-based dispersion
adhesives (with natural resins
such as natural rubber, rosin,
etc.)

May have low emissions of
natural resins and additives

Pay attention to additives
such as preservatives,
plasticizers, etc. (hazard class)

NO Preservatives, alternative:
For use, glue has to be mixes
freshly

Animal glue (bone glue, skin
glue, hare glue, ﬁsh glue,
etc.)

Sealants

Hygroscopic, absorption and
decomposition of gases, vaporous
substances, substances and odors,
fungus-resistant, insect-resistant,
odorless, non-radioactive, ﬁreretardant (heraklith)

Potassium silicate: moistureregulating, vapor-permeable,
fungus-resistant

Animal insulation (sheep's
wool)

Casein glue

Health effects (positive)

Natural-based sealing and
ﬁlling compounds (cork
granules, hemp, ﬂax,
dammar, natural rubber)

Tab. 8 Self-provided table: Low Emitting Materials 2
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Heat-insulating, protection against
heat, permeable to diffusion, ﬂame
retardant, moisture-regulating,
binds pollutants and odors

Building product

Possible sources
(products)

Note!

Coating systems
(paints &
varnishes)

Water-based emulsion paints
(with natural resins)

NO chemical binders,
alternatives: linseed oil, tung
oil, soybean oil, thistle oil,
dam resin, colophony,
beeswax etc.

Health effects (positive)

NO chemical solvents (except
isoaliphate), alternative:
water, natural terpenes (from
trees and citrus fruits)
NO chemical pigments,
alternatives: natural
resources such as plants, soils
& minerals
NO chemical preservatives,
alternatives: silver chloride,
eucalyptus oil
May have low emissions of
natural resins

Silicate paints (quartz sand)

-

Distemper

NO chemical preservatives,
alternative: non-mixed
ﬁnished mixture without
preservatives and additives

Clay paints

Lime paint (especially
suitable for damp rooms)

Casein paint

Wood surface
treatment

Natural oils (linseed oil) &
waxes (beeswax)

Tab. 9 Self-provided table: Low Emitting Materials 3

(cf. Fritsch 1996 / cf. Volkenant et al. 2008 / Own knowledge based on air quality measurements)
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4. Empirical
Investigations
4.1. Room Air Measurements
So far, there is no possibility to predict the interior emission concentration of the finished building already in the planning phase
of a building. However, the use of low-emission construction products, for example according to the TVOC guide values of the AIR
or the AgBB scheme, enables compliance with certain minimum
requirements to be achieved.
As guideline values exist only for individual substances, the Ad
Hoc Working Group (now AIR) has defined TVOC benchmarks with
five concentration ranges and recommended appropriate actions
for the different levels. These benchmarks have been established
as there is systematic practical experience that the risk of adverse
health effects increases with increasing substance concentrations.
However, the current level of knowledge is not sufficient to define
guideline values. (Ausschuss für Innenraumrichtwerte 2018)
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BENCHMARKS FOR
INDOOR AIR

TVOC Recommendations of the Federal Environmental Agency
30.000

+ 25.000 µ/m3: Refrain from use!
Renovate the room!

10.000 - 25.000 µ/m3: Avoid use as far as
possible! Plan renovation work!

TVOC in µ/m3

22.500

3.000 - 10.000 µ/m3: Use a maximum of one
month acceptable! Lowering the value within one
month is required! Stay only temporary possible.
15.000

1.000 - 3.000 µ/m3: Use of space acceptable for
maximum 12 months acceptable. Signiﬁcant
reduction required within 6 months!
7.500

300-1.000 µ/m3: Ventilate adequately! Mind any
hazardous substances!

<300 µ/m3:Very good air quality!
0
unacceptable unacceptable questionable

unusual

still harmless

harmless

Hygienic Assessment

Fig. 5

TVOC Recommendartions of the Federal Environmental Agency (based on AIR benchmarks)

(Europäische Gesellschaft für gesundes Bauen und Innenraumhygiene EGGBI 2018, 3)

4.1.1. Basics and Conditions

In the experiment carried out in this work TVOC values of different buildings in Switzerland, as well as values of test model glasses were compared. On one hand, the aim was to find out how
TVOC values in buildings with different building structures vary
from each other, on the other hand the intent was to show whether the use of modern materials and processing methods which
are made of many different materials, automatically lead to critical indoor emission levels. In addition, the test glasses should
be used to clarify how the TVOC load of common and modern
materials differ from each other and in comparison, to traditional
natural materials. Since in Germany similar climatic and legal con-
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ditions and similar construction methods prevail as in Switzerland,
the measurement results are transferable to Germany. The indoor
air values were interpreted and evaluated based on the guiding
values of the AIR.
For the measurements the measuring device „ppbRAE 3000“ from
RAE Systems, provided by Eco Analytics AG, with a measuring
range from 1ppb to 10‘000ppm was used. For all measurements,
the TVOCs were measured and expressed in units of mg/m3.
≥

4.1.2. Evaluation and Conclusions

Breakdown by time:
The evaluation of the measured values showed that the VOC values vary considerably depending on the age of the building.
Thus, new buildings by far have the highest pollutant loads, while
10,0

7,5

5,0

2,5

0,0
< 1 year

1 - 3 year

4 - 9 year

≥ 10 year

Concrete constructions
Timber panel constructions
Solid wood constructions

Fig. 6

TVOC Average Value of Each Construction Type in Different Periods of Time
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TIME IS AN
IMPORTANT ASPECT
FOR HEALTHY
INDOOR AIR

most older buildings, +10 years lie in a safe area.
In addition, table 11 also shows a rapid decline in pollution after
the first year. This leads to the conclusion that in new buildings a
large part of the emissions is reduced in a relatively short time.
After this, the values only decline slowly in small steps or remain at
the same low value, in case of the solid wood constructions after
the first year. The average values of the concrete constructions
PEOPLE OFTEN
MOVE INTO NEW
BUILDINGS TOO
EARLY AFTER
CONSTRUCTION

and timber frame constructions under one year were at 8.1mg/
m3 and 9mg/m3 therefore at the upper limit of the range „hygienic concern“. According to the recommendations of the Federal
Environmental Agency, the use in those rooms is acceptable for a
maximum of one month and the stay is only possible for a limited
time. (See fig. 5) However, this is far from reality, as new buildings
are usually moved-in as soon as possible after completion.
According to the evaluation results, concrete buildings are often
less polluting than element buildings. The reason for this could be
that concrete structures are often left more or less raw, in timber
wood construction several layers are installed, which in turn must
be connected and sealed together, which often happens with
the help of adhesives, foam, insulation, etc. These construction
products in turn cause VOC emissions in addition to composite
materials. The values of concrete constructions and timber constructions tend to be much higher than those of solid wood constructions.
Even if the pollutant concentration decreases massively within the
first year, new buildings are already used in the first few months
of their existence by residents who are thus exposed for months
to a massive, unhealthy pollutant load. In the case of new buildings, some of the test objects reached values above 20, which
according to the recommendations of the Federal Environmen-
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tal Agency is classified as unacceptable. Use should therefore be
avoided as far as possible.
In addition, the results also show very unexpected values such as
04-C or 17-T, buildings that are already 4-year-old and over 10-years-old and still have a conspicuous value of 3.2mg/m3 and 4.6
mg/m3 or 19-S, a new building which has only a harmless value
of 0.5mg/m3. It can therefore by no means be concluded that the
older the more pollutants have already evaporated and, consequently, the lower the emission of pollutants, because in fact the
result depends on many other circumstances than age. In addition to the building materials, this also includes furniture, ventilation and indoor activities of the residents such as cooking, etc.
In order to achieve clearer scientific results, more test buildings
would have to be examined under exactly the same conditions.
In addition, long-term studies would have to be carried out to understand the development of values in one and the same building.

Fig. 7

Self-provided photo: ppbRAE 3000
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Distribution according to construction types:
Concrete constructions: The values of the individual buildings are
in very different areas and range from 0.7mg/m3, still harmless to
21.4 mg/m3 „avoid use as much as possible“. This is mainly due to
the fact that the age of the respective objects was not considered,
but only the building construction types were compared. (See fig.
8)
Measurements of concrete constructions
25,0

21,4
18,8

13,2

12,5

6,3

6,4
4,5
3,5

3,2

4,5
3,2
1,7

0,7
0,0
01-C

Fig. 8

02-C

03-C

04-C

05-C

06-C

07-C

08-C

09-C

10-C

Measurements of Concrete Constructions

• Timber frame / panel constructions: The majority of the values
are still harmless in a relatively high range between 0.6mg/m3
“harmless” and 12.2mg/m3 “avoid use as far as possible”. The age
of the objects was not included in the evaluation. 12-T and 13-T
are the same apartment types in the same building, with the only
difference being built-in wardrobes in 12-T, which adds 3.8mg/
m3 to the pollutant load in that apartment compared to 13-T. (See
fig. 9)
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18,8

12,5

12,2

8,4
6,3

6,3
4,6

1,8

0,6

1,4

15-T

16-T

0,0
11-T

Fig. 9

12-T

13-T

14-T

17-T

Measurements of Timber Frame / Panel Constructions

• Solid wood constructions: regardless of the year of construction, all values are „still safe“ in a low range between 0.4mg/m3
and 0.6mg/m3. (See fig. 10)
18,8

12,7

6,5

0,4

0,4

0,5

0,5

0,4

0,6

18-S

19-S

20-S

21-S

22-S

Fig. 10 Measurements of Solid Wood Constructions
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Comparison 1, 2, 3: The values of the concrete constructions and
the timber frame / panel constructions are in a similar range. Both
types of construction reach elevated and potentially harmful levels. Only the solid wood constructions are consistently in an acceptable, harmless area.
Comparison of ventilated and non-ventilated interiors:
PROPER
VENTILATION IS
VITALLY IMPORTANT

The results clearly show that the VOC values in non-ventilated
concrete-construction interiors are many times higher than in ventilated rooms. Especially in the new C1 a very big difference can
be read. From the measurement results it can be deduced that
proper ventilation has a considerable influence on the air quality.
Comparison of glasses:
Comparing the measurements of the three glasses showed that
the VOC concentrations in all three models increased steadily.
From the third day, however, the concentrations rose only relatively small. The reason for this may be that the materials initially have
very high exhalations, which could not escape from the glasses
and thus the concentration increased very much. In this example,
it becomes clear how important proper ventilation / fresh air exchange in new interiors is, as enormous amounts of emissions are
released during the first weeks to months.
It is also noteworthy that glass 2 contains twenty times more and
glass 3 two hundred times more pollutants than glass 1. (See fig.
11)
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1600

1200

800

400

0
1 HOUR

24 HOURS

48 HOURS

3 Days

1 week

Fig. 11 TVOC Values of Test Glasses

Evaluation of materials:
The investigation of different, individual building materials of
glass 2 and 3, which are attributed a particularly high degree of
emission, is intended to shed light on how different the individual
substances within the product groups are.
Examined products:
The different adhesives reach extremely different values from
1.3mg/m3 to 39.5mg/m3. It can be assumed that individual substances in the products are responsible for the enormous measurement differences. A key reason for this is that the low-emission
products are water-based adhesives in which VOCs have been replaced with SVOCs, which are no less harmful to health.
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The sealants, paints and surface treatments also showed massive
differences, which in all likelihood are also due to different chemical components in the individual products.
The measurements show that it is possible to produce relatively
low-emission products, but care must be taken with SVOCs. (See
fig. 12)

TVOC-value of different paints & plasters
02-01P

2

02-02P

1

02-03P

21

02-04P

352

02-01P

3

02-02P

3445

02-01P

1457

02-02P

1298

02-03P

1380

02-04P

5
0

6

13

Fig. 12 TVOC Values of Different Paints and Plasters
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19

25

4.2. Survey Smell Experiment
VOC emissions are usually associated with odor sensations. The
human nose can perceive a wide variety of substances, including
concentrations of substances which are undetectable for measuring instruments. There are also odors that are imperceptible to
the human nose. However, the nose is still an irreplaceable measuring instrument when it comes to detecting odors. Awareness
and thus also the complaints of odor pollution in interiors have
increased in recent years. Odors are also associated with physical
ailments such as headaches or lack of concentration. The aim of
the industry in the future is to produce low-odor products. (See
chapter 3.4) (Bachmann and Lange 2013, 327-35)

4.2.1. Basics and Conditions

To investigate the olfactory and visual judgment as well as the
beliefs, attitudes and opinions of various test persons regarding
healthy and unhealthy building materials, an experiment was conducted with three model glasses in which different building materials were airtightly stored.
Glass 1, the healthy glass was filled with natural, low-emission materials, with no need of adhesives for processing.
The contents in glass 2 consisted of bricks, wood elements, sealing materials, composite materials, mainly wood-based materials,
as well as paints, varnishes and adhesives.
Glass 3, the unhealthiest glass with the most emission-rich chemical products, included concrete with additives, composites, sealants, construction foam, paints, varnishes and adhesives.
The overall questions which need to be answered are:
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TEST GLASSES

•

How is the visual and odor assessment of different building

materials made by test persons?
•

Are the respondents able to distinguish healthy from unhe-

althy materials only through the use of their nose and eyes?
•

How do testees asses building materials based on visual

and olfactory properties?
Only common construction products were used, which are installed as standard in buildings.
The first question was answered by the test persons without having already smelled the glasses, in questions 1-5 the contents
of the glasses were covered, from question 6 the contents were
visible.
The smell survey with 62 interviewees provides information about
what is important to people during construction, what attitudes
they have regarding different building materials and how they
classify and evaluate the different scents. Most respondents were
between 18 and 44 years old, 56% female and 44% male. For all
evaluation diagrams, n = 62.3

4.2.2. Evaluation and Conclusions
The results have shown that health and self-fulfillment are most
important to respondents almost equally, with 40% each. (Question 1)
The interviewees clearly smelled out the natural components in
glass 1 and the majority admitted to feel comfortable. In glass 2,
3

See appendix for all questions and answers
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chemical scents were clearly dominant and only 9% of respondents described the fragrance as pleasant.
For glass 3, the subjects clearly agreed and described the odors
as 69% chemical / toxic, and an additional 20% described glass
3 as disgusting. At a total of 71%, the smell caused a feeling of
being unwell. (Question 2 & 3)
Odour related feelings
60

It is clear from the results that glass 3
releases the least popular odor, whi-
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le glass 2 is rated very neutral and

30

57%
48%

glass 1 mostly positive. (Question 4,
fig. 13)

37%

29%

23%
15
7%

3%

0
Positive

Neutral
Glass 1

Glass 2

6%

Negative
Glass 3

Fig. 13 Odour related feelings

The survey found that 76% would not want to live in glass 3. 15%
decided against glass 1 and 10% against glass 2. (Question 5)
Glass 3 was clearly rated negative by 90% of the votes. 42% voted
chemical / dangerous, another 32% disgusting and 16% unhealthy. (Question 6, fig. 14)
Others
6%
Safe
4%
Disgusting
32%

Unhealthy
16%
Evaluation of glass 3
after visual
contemplation

Chemical / dangerous
42%

Fig. 14 Question 6
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The vast majority of respondents would prefer to work with the
materials in glass 1. The materials in glass 3 the majority would not
touch. Likewise, most people find it questionable that protective
clothing should or has to be worn for the processing of chemical
building materials, while 21% are not worried about it. (Question
7, 8)
More than 50% correctly assessed the pollution in glass 3 with a
load 200 times higher than in glass 1. (Question 11)
After considering the content of the glasses, the opinion of the
interviewees that glass 3 was probably the least healthy again increased from 76% to 90% of the answers. After clarifying the pollutant concentrations in the individual glasses, 90% would opt for
a naturally built house, ie glass 1. (Question 12, fig. 15)

Glass 3
2%
Glass 2
8%

Material preferences for
own house

Glass 1
90%

Fig. 15 Question 12
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The survey has confirmed human odor organ studies because the
majority of respondents have a very strong sense of smell, warning
them of potential hazards. It was astonishing that initially almost
the same number of people rated self-fulfillment and health as
the most important aspect of house building, but after the smell
experiments most people agreed that they would choose a healthy home over a conventionally built house. For how many self-realization after the survey is still in first place remains uncertain.

Fig. 16 Test glasses 1-3
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HEALTHY
MATERIALS ARE
CHOSEN OVER
UNHEALTHY
CHEMICAL
MATERIALS

5. Design Proposal
The following project serves as an example for a low-emission and
healthy living concept, which can be applied in its basic features
to other projects.
The house was planned with the following materials:
For the perimeter insulation in the ground area of the foundation,
instead of the usual XPS foam boards, foam glass gravel is used,
which protects the building from moisture with its drainage and
capillary action.
Instead of polyethylene (PE) films, oil paper is used as a barrier
against rising damp.
Trasslime-gravel concrete replaces the commonly used reinforced concrete and the flooring is a milled clay screed. The ceiling
elements between the individual floors consist of combed and
cross-laid solid wood with a sound insulation made of cork and a
wooden plank flooring. Clay drywall panels provided with a clay
plaster make up the ceiling.
The outer walls in the ground area are composed of limestone,
compacted gravel, loam stone, trasslime plaster, Heraklith wood
wool insulation and clay plaster on the inside. The outer walls above the ground have a load-bearing core of multi-layered, standing solid wood blocks that are installed without any use of glue
or metal. This multi-layered block is a further development of traditional log construction, which has become possible thanks to
CNC milling machines.
In addition, a thermal insulation made of sheep‘s wool and a natural timber facade is used. Inside, clay boards and a clay plaster
will be applied.
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The interior walls are wooden prefabricated elements which also
have a clay plaster as a final surface. Numerous earth tones make
it possible to bring different colors into the interiors.
The most important element of the house is the centrally planned rammed earth wall which, due to its hygroscopic property,
not only purges pollutants from the indoor air but also optimally
regulates the room temperature.
Due to industrialization and the associated rationalization in the
construction industry, valuable knowledge about the processing
and installation of traditional construction materials has partially been forgotten. However, thanks to new technologies, such as
CNC milling cutters, laser machines or robots, it is possible to efficiently use well-established natural building materials in modern
homes without any use of adhesives, construction foam, etc. 4

Fig. 17 Material board:Low-emitting materials 2
4 The following figures and visualisations were all created by the author

51

RAMMED EARTH
AND SOLID WOOD
CONSTRUCTION

Location
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SITE PLAN

36

Rain

10

Plot= 720m2
m2
max. living area:360

1077

Montagna

1440m2

Schuderserstraße

Montagna is located in the valley „Prättigau“ in the alps of Switzerland on a southern slope above the village Schiers. The property
is inclined at around 22 °. The parcel is accessed from the cantonal road (Schuderserstrasse) via parcel 1077.

WINTER
12 O’CLOCK

53

Elevations 1:200

NORTH FACADE

SOUTH FACADE

54

EAST FACADE

WEST FACADE

55

MODEL HOUSE

56

SECTION 01

57

SECTION 03

58

Interior

LIVING ROOM:
SPRUCE, CLAY PLASTER &
RAMMED EARTH

59
RAMMED EARTH
WALL

Plans & Sections 1:100

SECTION 07

60

GROUND FLOOR

61

VIEW A: INTO KITCHEN & LOUNGE AREA

D
A

62

C

B

VIEW B

VIEW C

VIEW D

63

BATH:
SPRUCE, CLAY PLASTER, SLATE &
TADELAKT (LIME PLASTER)

64

FIRST FLOOR

65

VIEW F

VIEW G

VIEW E: INTO LIVING ROOM

E
H
F

G

I

J

VIEW H

VIEW I

VIEW J

67

BATH:
SPRUCE, CLAY PLASTER, SLATE &
TADELAKT (LIME PLASTER)

68

SECOND FLOOR

69

VIEW K: FROM BATH

N
K

L
M

70

VIEW L

VIEW M
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Detail 1:50

Wall 1st Floor:
1.

Clay Plaster: 10mm

2.

Clay Board: 20mm

3.

Bracing Wood: 20mm

4.

Wooden Studs & Sheep-Wool Insulation: 200mm

Ceiling / Floor:
5.

Clay Plaster: 15mm

6.

Clay Board: 25mm

7.

Solid Wood or Wooden Ridge Ceiling Elements with Insulation: 260mm

8.

Timber boards: 30mm

9.

Impact Sound Insulation: 40mm

10.

Plank Flooring (Solid Wood): 30mm

Wall 2nd Floor:
11.

Rammed Earth: 500mm
D/01 DETAIL 1:10

75

6. Conclusion
The consumer in most countries of the Western world, especially
Central Europe often moves in a deceptive security since he assumes that everything is standardized and thus safe for him.
Since medical science has barely dealt with residential poisons, a
home is rarely regarded as a cause of illness. Pollutants from construction products that permanently burden the immune system
of humans, can eventually lead to an overreaction. This is then
manifested either with direct symptoms such as headache, malaise, etc. or unspecific symptoms such as listlessness, loss of performance, inflammation of the mucous membranes, etc. In long
term, serious illnesses such as allergies, asthma, cancer or organ
damage can develop.
DO NOT STAY
IN FRESHLY
RENOVATED OR
BUILT BUILDINGS

It should be noted that very high VOC concentrations, such as
those found in new buildings, usually have a low boiling point and
can therefore be degraded and removed from the room air relatively quickly. Nevertheless, it can take a few weeks for the indoor
air quality to reach a safe level, which is usually not reached when
moving into a new apartment or a new house after renovations.
On top of this, the increasingly used odorless, low-volatile VVOCs
can occur in room air for months or even years, which are usually
not noticed by people due to their low odor. The evaluation of the
measurements showed that the age of a building as well as the
style and materials were decisive for the different results. It can
therefore by no means be said with certainty that the pollutant
values will have reached a harmless concentration after a certain
time.
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In any case, during pregnancy and infancy, construction and renovation work should be avoided altogether in order to rule out
later health consequences.
As the example of the Frankfurt wood preservative process in the
90s shows, it is usually a long way and it takes a long time until
health effects of pollutants are known and restrictions or bans on
use are prescribed. In the meantime, countless people can fall ill
and the industry has enough time to develop substitutes, where health concerns are uncertain again. A current example of this
could be the questionable substance isocyanate, which is used as
a substitute for the harmful formaldehyde.
This substance will probably only disappear when it is known that
the human organism can not deal with this substance eighter and

THE RISK OF
SUBSTITUTES

people already had to pay with their health. This is a major reason
why building materials should be tested for their toxicological
properties before they are put on the market or at least before
they are installed.
The regulation of individual building products instead of buildings, as the Ü-mark used to regulate, could promote low-emission living spaces. This would tackle the issue of emissions at the
root and the responsibility would lie with the manufacturers and
not with the already overburdened architects and planners. Therefore, individual benchmarks would rarely be exceeded.
However, the architects could be in a false sense of security, they
could safely and without responsibility, use potentially dangerous
classified building products in large quantities, which would lead
to guideline value exceedances of individual substances.
Ideally, regulations shoud exist for both individual materials and
structures.
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IDEAL SOLUTION

Science agrees that not only the effect of a single substance can
be problematic, but also the interaction of different substances in
the room air. The effects of such a poison mixture are so far impossible to calculate exactly.
Due to the increasing dense construction, it was disregarded that
the pollutant concentrations increase and higher emissions occur
FRESH AIR
EXCHANHE IS
CRUCIAL

indoors. For completely dense building envelopes, as well as for
new buildings and after renovations, it is essential to ensure proper ventilation ie. sufficient fresh air exchange. Since even artificial ventilation systems do not provide a satisfactory solution for
the dense building envelopes, it is necessary to use low-emission
building materials. This requires holistic construction concepts
that allow for a specific choice of materials. This means that the
construction must not require emitting building materials.
In the construction industry, thinking and acting in the area of the
precautionary principle is increasingly required in order not to
have to act according to the security principle.
When choosing building materials, labels can have a supporting
effect, but in the jungle of the seal of approval caution is needed,
which is why the statement of the label must always be scrutinized. The following questions should always be answered:
• What are the criteria?
• Where can the criteria be found?
• Who carried out the measurements and what and when?
• Is liability accepted for what is promised?
In other words, the labels should always be transparent, clear,
traceable and publicly accessible. Ideally, preference should be
given to manufacturers and distributors who are willing to disclose all the ingredients of their products and communicate their
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non-hazardousness in writing.
Today‘s conventional architectural styles are not only high-emission, they also make a reuse of built-in materials impossible since
they are often glued together and bolted or have entered into a
solid connection with chemical substances, and thus create building waste that is usually very difficult to recycle and, in many cases, can only be disposed of as hazardous waste.
In order to create a healthy interior, it should generally be planned and worked with low-emtting building materials, although attention has to be payed on SVOCs. There are some materials that

GENERALLY
PLAN WITH
LOW-EMISSION
MATERIALS

meet these requirements (see chapter 3.4). Additionally, some of
these materials have properties that positively affect the indoor
climate such as clay and wood which are hygroscopic and can
absorb and remove pollutants from the air. A clay-wood construction can be completely dispensed with a ventilation system and
a steam exhaust. Clay and untreated wood can be reused and
leave no polluting remnants. Clay can be obtained directly from
the earth on any property, which makes it particularly sustainable.
Not all natural materials are low in pollutants. When choosing
wood, care must be taken not to use pinewood or stone pine to
avoid increased terpene perspiration, which can also cause reactions in persons susceptible to allergies. Caution is advised for
the term „wood“, it includes wood-based materials containing adhesives and chemicals. Even if these are declared harmless today,
they could be classified as hazardous tomorrow.
Furthermore, not only building materials have an impact on indoor air, but also the later integrated furniture which is why care
should be taken that these also consist of low-emission materials
(Chapter 4.1.2).
Strict attention has to be paid to the use of only untreated materi-
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NATURAL DOES
NOT NECESSARILY
MEAN “NO
EMISSIONS”

TRUST YOUR
INSTINCTS

als. Furthermore, composite materials should be avoided in most
cases which is also evident from the test glass and interior measurements. Every human being has a relatively reliable, sensitive
measuring instrument; the nose. As a rule, something that has a
strong and unpleasant smell should be questioned and in case of
doubt an expert should be contacted. Using room air measurements can provide clarity quickly and reliably identify sources of
danger. The evaluation of the survey (Chapter 4.2) has shown that
most people should be able to rely on their feelings and possibly
weigh more heavily the odor perception of substances to protect
their own health. At the legal level there is an urgent need for
action in order to optimally protect the safety of residents and
workers. Furthermore, there is a need for architects, planners and
consumers to be aware of the risks associated with using certain
construction products or staying in new buildings and refurbished
rooms. This may especially be true for pregnant women and children whose immune systems are developing or those with compromised immune systems but is nevertheless true for all humans.
However, more research and education in the field of indoor air is
required. Today we should strive to develop sustainable, healthy,
and therefore low-emission home concepts, so that one day, healthy living will be the standard.
In this work, new insights into legal material requirements and
health risks were gained. The air measurements turned out to be
a particularly big challenge, since to this extent it was not possible
to create exactly the same conditions for all rooms. Thanks to a
cooperation with the company “Eco Analytics AG” from Switzerland, the author was able to achieve detailed and professional
measurement results. Since the topic affected areas of chemistry,
law, medicine and the construction industry, the difficulty was to
cover all areas briefly and yet precise enough for understanding.
The thesis shows that it would be possible to build a low-emission
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and healthy residential building, although it is still associated with
a lot of effort especially in terms of research and planning.
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Appendix 1: Questionnaire
Survey on healthy building
Bitte wählen Sie eine Sprache aus. / Veuillez s'il vous plaît choisir une langue. / Please choose a language. / Selezionare una
lingua. / Lütfen bir dil seçin. / Por favor, seleccione un idioma. / Por favor escolha um idioma. / Kies een taal. / Välj ett språk. /
Vennligst velg et språk. / Vælg sprog. / Valitse kieli. / اﻟ ﺮﺟﺎ ء اﺧ ﺘ ﻴﺎر ﻟﻐ ﺘﻚ.

Deutsch
✔

English

Page 1

Thank you for taking 5-10 minutes to complete my survey on healthy building.
As part of my bachelor thesis at the Berlin International University of Applied Sciences I would like to investigate health-promoting,
space and material-related measures that can reduce health damage and improve the well-being of residents. By participating in my
survey, you are enabling me to provide an analysis of the human relationship to various building materials.
The survey is anonymous and used for research purposes only.
If you have any questions, please contact: matthiastscharner@berlin-international.de

Page 2

Before you smell the three glasses, please answer the following question first.

Which of the following aspects would be most important to you when building your own home? *

self-realization
health
economical

Page 3

Procedure and rules:
Please keep the glasses covered until you are asked to look at the contents.
Now you can finally smell the glasses. Never open more than ONE glass at a time and close it immediately after you smell it (leave it
open for a maximum of 5 seconds). Start with glass no. 1 (then no. 2 and finally no. 3)
Thank you for your understanding and the compliance with the "Rules of the Game".
Now you should have smelled the content of all glasses at least once to answer the questions below. You can smell the glasses
anytime and any number of times.
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Page 4

Describe the odors in note form. *
Glass No. 1
Glass No. 2
Glass No. 3

What do you feel? *
(short description, eg pleasant, discomfort, homely, hygienic, new, progressive etc.)

Glass No. 1
Glass No. 2
Glass No. 3

Does the smell awaken in you positive or negative feelings / associations? *
positive

neutral

negative

Glass No. 1
Glass No. 2
Glass No. 3

In which of the three glasses do you not want to live? *

Glass No. 1

Glass No. 2

Glass No. 3

Page 5

Now you can look at the glasses. Look at the contents of the glasses as closely as possible for a moment and think about what you
see.
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Page 6

How would you assess the content now? *
(short description, eg safe, disgusting, healthy, stable etc.)

Glass No. 1
Glass No. 2
Glass No. 3

Which content of the three glasses would you most like to work with and use your "bare" hands (without any
protective equipment)? *
1

2

I would like to
work with glass
no. ...
I would rather not
touch the
contents of this
glass

Protective clothing
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3

Nowadays, for the use of many construction materials, the usage of protective clothing is recommended or even
prescribed by the manufacturer. What is your attitude towards this fact? (see picture above) *

I find it questionable
Protective clothing is overrated
This fact does not worry me
No Answer

As you may have already noticed, the survey is about assessing healthy and unhealthy building materials. Which
glass would you declare healthy and unhealthy? *
Glass No. 1

Glass No. 2

Glass No. 3

healthy
unhealthy

Page 7

You will now be enlightened. Glass No. 1 is the healthiest and glass No. 3 is the most unhealthy.

Page 8

All glasses were mainly tested for VOCs (volatile organic compounds), ie pollutants. The value is given in mg / m3.
The healthiest glass had a value of 7 mg / m3. What do you estimate, how much higher is the pollutant
concentration in the other two glasses?
Glass No. 2 *

Please choose...

Glass No. 3 *

Please choose...

What materials would you rather use to build your own home and spend over 80% of your life in it? *

Glass No. 1
Glass No. 2
Glass No. 3
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What do you think are houses being built healthier today than in the last 100 years? *

Yes
No, on the contrary
I think there is not much difference.
No Answer

Page 9

How old are you? *

Under 18
18-24
25-34
35-44
45-59
60+

I am: *

Female
male

» Umleitung auf Schlussseite von Umfrage Online (ändern)
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Appendix 2: Results of the Survey

1. Which of the following aspects would be most important
KEYWORDS

NUMBER OF ANSWERS

Self-realization

24

Health

25

Economical

6

Others

7

Others
11 %
Economical
10 %

Self-realization
39 %

1. Which of the
following aspects
would be most
important to you when
building your own
home?

Health
40 %

2. Describe the odors in note form. (Glass 1)
KEYWORDS

NUMBER OF ANSWERS

Wood

17

Neutral

5

Natural

13

Earth / clay

10

Mouldy

5

Comfortable

6

Fresh

5

Disgusting

4

Others

13

Others
17 %

Wood
22 %

Disgusting
5%
Fresh
6%

2. Describe the odors in
note form. (Glass 1)

Comfortable
8%

Neutral
6%

Natural
17 %

Mouldy
6%
Earth / clay
13 %
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2. Describe the odors in note form. (Glass 2)
KEYWORDS

NUMBER OF ANSWERS

Wood

6

Paint

6

Glue

7

Chemicals

18

Comfortable

5

Others

11

Wood
11 %

Others
21 %

Paint
11 %

2. Describe the odors in
note form. (Glass 2)

Comfortable
9%

Glue
13 %

Chemicals
34 %

2. Describe the odors in note form. (Glass 3)
KEYWORDS

NUMBER OF ANSWERS

Chemical / toxic

49

Glue

5

Disgusting

14

Natural / comfortable

2

Others

1

Others
1%
Natural / comfortable
3%
Disgusting
20 %

Glue
7%

2. Describe the odors in
note form. (Glass 3)

Chemical / toxic
69 %
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3. What do you feel? (Glass 1)
KEYWORDS

NUMBER OF ANSWERS

Comfortable / homely

37

Natural

7

Fresh / hygienic

5

New

8

Uncomfortable

5

Old

3

Others

4

Old
4%
Others
6%
Uncomfortable
7%

New
12 %

3. What do you feel?
(Glass 1)

Fresh / hygienic
7%
Natural
10 %
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Comfortable / homely
54 %

3. What do you feel? (Glass 2)
KEYWORDS

NUMBER OF ANSWERS

Uncomfortable

22

Hygienic

5

Chemical / artiﬁcial

6

Ok

8

Comfortable

8

Neu

6

Others

6

Neu
10 %
Others
10 %

Comfortable
13 %

Uncomfortable
36 %
3. What do you feel?
(Glass 2)

Ok
13 %

Hygienic
8%
Chemical / artiﬁcial
10 %

3. What do you feel? (Glass 3)
KEYWORDS

NUMBER OF ANSWERS

Uncomfortable / disgusting

46

Chemical / toxic

10

Unhealthy

4

Comfortable / calming

3

Others

2

Others
3%
Comfortable / calming
5%
Unhealthy
6%

Chemical / toxic
15 %

3. What do you feel?
(Glass 3)

Uncomfortable / disgusting
71 %
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4. Does the smell awaken in you positive or negative
GLASS NO.

POSITIVE

NEUTRAL

Glass 1

35

23

NEGATIVE
4

Glass 2

14

30

18

Glass 3

4

2

56

Odour related feelings
60
90%
45
57%
48%

30

37%
15

23%
3%

7%
0
Positive

Neutral
Glass 1

Glass 2

29%

6%
Negative
Glass 3

5. In which of the three glasses do you not want to live?
GLASS NO.

NUMBER OF ANSWERS

Glass 1

9

Glass 2

6

Glass 3

47

Glass 1
15 %

Glass 2
10 %
5. In which of the three
glasses do you not want
to live?

Glass 3
76 %
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6. How would you assess the content now? (Glass 1)
KEYWORDS

NUMBER OF ANSWERS

Healthy

31

Natural

29

Sustainable / ecological

4

Stable

14

Oldfashioned

2

Others

2

Others
2%
Oldfashioned
2%
Stable
17 %
Healthy
38 %
6. How would you
assess the content now?
(Glass 1)

Sustainable / ecological
5%

Natural
35 %

6. How would you assess the content now? (Glass 2)
KEYWORDS

NUMBER OF ANSWERS

unhealthy

5

Chemical / artiﬁcial

6

Healthy

4

Stable

11

So-so

12

Comfortable

1

Uncomfortable

5

Others

12

unhealthy
9%

Others
21 %

Uncomfortable
9%

Chemical / artiﬁcial
11 %

6. How would you
assess the content now?
(Glass 2)

Healthy
7%

Comfortable
2%
Stable
20 %
So-so
21 %
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6. How would you assess the content now? (Glass 3)
KEYWORDS

NUMBER OF ANSWERS

Disgusting

22

Chemical / dangerous

29

Unhealthy

11

Safe

3

Others

4

Others
6%
Safe
4%
Disgusting
32 %

Unhealthy
16 %
Evaluation of glass 3
after visual
contemplation

Chemical / dangerous
42 %

7. Which content of the three glasses would you most like to work with and use your
KEYWORDS

GLASS 1

GLASS 2

I would like to work with glass no. ...

58

3

1

I would rather not touch the contents of glass no. …

1

5

56

60

45

30

15

0
Glass 1

Glass 2

Glass 3

I would rather not touch the contents of glass no. …
I would like to work with glass no. ...
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GLASS 3

8. Nowadays, for the use of many construction materials, the
KEYWORDS

NUMBER OF ANSWERS

I ﬁnd it questionable

40

Protective clothing is overrated

5

This fact does not worry me

13

No answer

4

No answer
6%

This fact does not worry me
21 %

8. Nowadays, for
the use of many
construction materials, the
usage of protective clothing is
recommended or even
prescribed by the
manufacturer. What is your
attitude towards this
fact? (see picture
above)

Protective clothing is overrated
8%

9. As you may have already noticed, the
GLASS NO.

HEALTHY

9. As you may have already noticed, the survey is
about assessing healthy and unhealthy building
materials. Which glass would you declare healthy
and unhealthy?

UNHEALTHY

Glass 1

56

1

Glass 2

5

3

Glass 3

1

58

Flächendiagramm
60

45

30

15

0
Healthy

Unhealthy
Glass 1

Glass 2

I ﬁnd it questionable
65 %

Glass 3
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10. All glasses were mainly tested for VOCs (volatile organic
GUESSES

NUMBER OF ANSWERS

About 10 times higher

33

About 20 times higher

21

About 40 times higher

8

About 40 times higher
13 %

10. All glasses
were mainly tested for
VOCs (volatile organic
compounds), ie pollutants. The
value is given in mg / m3. The
healthiest glass had a value of 7 mg
/ m3. What do you estimate, how
much higher is the pollutant
concentration in the other
two glasses? Glass No.
2:

About 20 times higher
34 %

About 10 times higher
53 %

11. All glasses were mainly tested for VOCs (volatile organic
GUESSES

NUMBER OF ANSWERS

About 50 times higher

9

About 100 times higher

19

About 200 times higher

34

About 50 times higher
15 %

About 200 times higher
55 %

11. All glasses were
mainly tested for VOCs
(volatile organic compounds),
ie pollutants. The value is given in
mg / m3. The healthiest glass had a
value of 7 mg / m3. What do you
estimate, how much higher is the
pollutant concentration in the
other two glasses? Glass
No. 3
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About 100 times higher
31 %

12. What materials would you rather use to build your own
GLASS NO.

NUMBER OF ANSWERS

Glass 1

56

Glass 2

5

Glass 3

1

Glass 3
2%
Glass 2
8%

Material preferences for
own house

Glass 1
90 %

13. What do you think are houses being built healthier today
KEYWORDS

NUMBER OF ANSWERS

Yes

17

No, on the contrary

32

I think there is not much difference

12

No answer

1

No answer
2%
I think there is not much difference
19 %

Yes
27 %

13. What do you think
are houses being built
healthier today than in
the last 100 years?

No, on the contrary
52 %
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14. How old are you?
AGE

NUMBER OF ANSWERS

Under 18

1

18 - 24

23

25 - 34

16

35 - 44

14

45 - 59

3

60 +

5

60 +
8%

Under 18
2%

45 - 59
5%

18 - 24
37 %
35 - 44
23 %

14. How old are you?

25 - 34
26 %

15. I am:
GENDER

NUMBER OF ANSWERS

Female

35

Male

27

Male
44 %
15. I am:
Female
56 %
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Appendix 3: Air Quality Measurements (TVOC)
HOUSE / APARTMENT NR.

TYPE OF CONSTRUCTION

TVOC - VALUE IN MG/M3

01-C

Concrete construction with tile cladding

21,4

02-C

Concrete construction with wood parquet

13,2

03-C

Concrete construction

0,7

04-C

Concrete construction & timber frame construction (prefab roof)

3,2

05-C

Concrete construction

6,4

06-C

Concrete construction

3,5

07-C

Concrete construction

4,5

08-C

Concrete construction

3,2

09-C

Concrete construction

4,5

10-C

Concrete construction

1,7

11-T

Timber panel construction (prefabrication)

6,3

12-T

Timber panel construction (prefabrication) with built-in cupboards

13-T

Timber panel construction (prefabrication) without built-in cupboards

8,4

14-T

Timber panel construction (prefabrication)

1,8

15-T

Timber panel construction (prefabrication) with controlled ventilation

0,6

16-T

Timber panel construction (prefabrication) & renovation of old part

1,4

17-T

Timber frame construction

4,6

18-S

Solid wood construction & timber framing (post-and-beamconstruction)

0,4

19-S

Solid wood construction (renovation)

0,5

20-S

Solid wood construction with clay interior walls

0,5

21-S

Solid wood construction

0,4

22-S

Solid wood construction

0,6

12,2

Comparison of Interior spaces
21,4

01-C

13,2

02-C
03-C

0,7
3,2

04-C
05-C

6,4
3,5

06-C
07-C

4,5
3,2

08-C

4,5

09-C
10-C

1,7
6,3

11-T

12,2

11-T

8,4

12-T

1,8

13-T
14-T

0,6
1,4

15-T

4,6

16-T
17-T

0,4

18-S

0,5

19-S

0,5

20-S

0,4

21-S

0,6
0,0

6,3

12,5
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18,8

1. Comparison of type of construction - concrete constructions
HOUSE / APARTMENT NR.

TVOC - VALUE

01-C

21,4

02-C

13,2

03-C

0,7

04-C

3,2

05-C

6,4

06-C

3,5

07-C

4,5

08-C

3,2

09-C

4,5

10-C

1,7

1. Concrete constructions
25,0

21,4
18,8

13,2

12,5

6,3

6,4
4,5
3,5

3,2

4,5
3,2
1,7

0,7
0,0
01-C

02-C

03-C

04-C

05-C

06-C
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07-C

08-C

09-C

10-C

2. Comparison of type of construction - timber frame / panel constructions
HOUSE / APARTMENT NR.

TVOC - VALUE

11-T

6,3

12-T

12,2

13-T

8,4

14-T

1,8

15-T

0,6

16-T

1,4

17-T

4,6

2. timber frame / panel constructions
25,0

18,8

12,5

12,2

8,4
6,3

6,3
4,6

1,8

0,6

1,4

15-T

16-T

0,0
11-T

12-T

13-T

108

14-T

17-T

3. Comparison of type of construction - solid wood constructions
HOUSE / APARTMENT NR.

TVOC - VALUE

18-S

0,4

19-S

0,5

20-S

0,5

21-S

0,4

22-S

0,6

3. solid wood constructions
25

18,845

12,69

6,535

0,4

0,5

0,5

0,4

0,6

18-S

19-S

20-S

21-S

22-S

0,38

109

TVOC - average value of each construction type in different periods of time
10

7,5

5

2,5

VENTILATED AND
NON-VENTILATED
INTERIORS

0
< 1 year

1 - 3 year

≥ 10 year

4 - 9 year

Concrete constructions
Timber panel constructions
Solid wood constructions

Comparison of Interior spaces
01-C

21,4
13,2

02-C
05-C

6,4
3,5

06-C
07-C

4,5
3,2

08-C
09-C

4,5
6,3

11-T

12,2

12-T

8,4

13-T
19-S

0,5

22-S

0,6
1,7

10-C

1,8

14-T
21-S

0,4
3,2

04-C

1,4

16-T
20-S

0,5

03-C

0,7

15-T

0,6
4,6

17-T
18-S

0,4
0,0

6,3

12,5

110

18,8

6. Comparison of ventilated and non ventilated interiors
DESCRIPTION

01-C

05-C

06-C

07-C

08-C

09-C

ventilated

6,8

2,5

1,4

1,7

1,1

1,8

NOT ventilated

21,4

6,4

3,5

4,5

3,2

4,5

Column Chart
30

22,5

15

7,5

0
01-C

05-C

06-C

07-C

08-C
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09-C

Appendix 4: TVOC Measurements of Materials

7. Comparison of glasses
GLASS NR.
Glass 1

1 HOUR

24 HOURS

48 HOURS

3 DAYS

1 WEEK

1,0

1,4

3,1

6,3

7,0

Glass 2

12,4

16,3

64,2

111,4

140,4

Glass 3

144,2

462,7

1324,6

1428,3

1488,7

TVOC values of test glasses
1600,0

1200,0

800,0

400,0

0,0
1 HOUR

24 HOURS

48 HOURS

Glass 1

Glass 2
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3 Days

1 week

Glass 3

8. Comparison of different adhesives
PRODUCT NR.

PRODUCT NAME

TVOC - VALUE

02-01A

Two-component PUR-adhesive (Fermacell)

1,8

02-02A

FHB-element-adhesive (Knauf)

9,2

02-04A

One-component PUR-adhesive (Geistlich)

6,7

02-05A

Fiberglass-reinforced adhesive (Würth)

1,3

03-01A

One-component PUR-adhesive (Pavatex)

2,8

03-02A

Rebate-adhesive (Knauf)

2,7

03-03A

PU-construction adhesive (Soudal)

39,5

03-04A

PUR-composite wood adhesive (Collano)

1,6

TVOC-value of different adhesives
40,0

39,5

30,0

20,0

10,0

9,2
6,7

1,8

1,3

2,8

2,7

03-01A

03-02A

1,6

0,0
02-01A

02-02A

02-04A

02-05A
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03-03A

03-04A

9. Comparison of different sealants
PRODUCT NR.
02-01S

PRODUCT NAME

TVOC - VALUE

Vapour retarder adhesive (Siga Primur)

95,8

02-02S

Painter acrylic (Würth)

8,5

02-03S

Sanitary silicone (Probau)

78,1

03-01S

Sealant-adhesive (Würth)

61,8

03-02S

Vapour retarder adhesive (Delta)

91,5

03-03S

Sanitary silicone (Soudal)

7,8

03-04S

Expanding foam (Würth)

99,8

TVOC-value of different sealants
100,0

99,8
95,8
91,5

78,1

75,0

61,8

50,0

25,0

8,5

7,8

0,0
02-01S

02-02S

02-03S

03-01S
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03-02S

03-03S

03-04S

10. Comparison of different paints & plasters
PRODUCT NR.
02-01P

PRODUCT NAME

TVOC - VALUE

High opaque interior paint (Dold)

2,0

02-02P

Distemper paint (Kabe Farben)

0,6

02-03P

PUR-Latex interior paint (Kabe Farben)

20,8

02-04P

Clear varnish water-based (Swingcolor)

352,0

02-05P

Silicate plaster (Kabe Farben)

3,2

03-01P

Two-component PUR-enamel varnish (Ruco)

3.445,0

03-02P

Synthetic resin enamel varnish (Ruco)

1.457,0

03-03P

Synthetic resin clear varnish (Knuchel Farben)

1.298,0

03-04P

Undercoat (Ruco)

1.380,0

03-05P

Interior plaster (Sto)

4,7

TVOC-value of different paints & plasters
1.000,0

3.445,01.457,01.298,01.380,0

750,0

500,0

352,0
250,0

2,0

0,6

20,8

3,2

4,7

0,0
02-01P 02-02P 02-03P 02-04P 02-05P 03-01P 03-02P 03-03P 03-04P 03-05P
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PROJECT GOALS
Process Goals

Scope

Discussing concept of healthy
building with local companies and
ﬁnding solutions
Successful approval planning /
procedure
Executive planning as detailed as
possible
Tender & quote comparison
Moon-beaten wood out of the
family’s forest
Timber construction only at clear
weather conditions
Documentation of each phase for
later projects

Cost

Schedule

Social

Cutting of timber after lunar
calendar: Begin of January 2020

Keeping important stakeholder
happy

Control of costs after completion of
each phase

Finish concept, preliminary planning
and cost estimation: End of
September 2021

Contracts with local contractors

Calculation of ﬁnancial buffer for
unexpected costs

Finish Design planning & cost
calculation: End of October 2021

As much personal contribution as
possible

Finish approval planning: Begin of
December 2021

On time payment (according to
contracts)

Approval: End of December 2021
Finish executive / construction
planning: End of January 2022
Tender: Beginning of February 2022
Awarding of contracts: End of
February 2022
Sawing the dried timber into beams,
studs and boards: Beginning of
March 2022
Correction and ﬁnalization of
executive plans before starting with
production and construction phase:
End of March 2022
Work of master-builder / earthworks
(Baumeister): Beginning of April 2022
Finishing of structural work:
Beginning of July 2022
Finishing interior: Beginning of
August 2022
Finishing Surrounding: Beginning of
September 2022

Involving as many people as
possible in the construction phase in
order to demonstrate the work
climate and conditions (healthy
aspect)

PROJECT GOALS
Result Goals

Scope

A positive indoor air quality, TVOC <
0.5mg/m3
Materials clean processed and
installed
The house should be a cradle to
cradle building

Cost

Maximum budget: € 750.000.Personal work / contribution &
equity: € 300.000.Minimum proﬁt through rental
income per year: € 12.000.No contract penalties

The house should be based on a
low-tech building
The house should be supplied by
renewable energy
Local resources, techniques should
be recognized in the design
The house should become a
reference object in the region for
healthy- und sustainable- conscious
building

Schedule

Completion of building within 48-52
weeks

Social

Fulﬁlling goals of stakeholders
Parking place also for neighbors
Involving everyone who wants to
help / support
Involving local contractors

IDENTIFYING STAKEHOLDERS

Advocates

Promoters

Supporters

1. Client (sister)

9.

2. P-team

10. Friends

3. Community of healthy living &
building

11. Financial supporters (bank &
investor)

4. Contractors
5. Commissioned sub-contractors
6. Potential tenants (clients)
7. Neighbors (Thöny, Tiri, Tscharner)
8. Suppliers

Family

Jumper

Opponents

12. Building department

13. Other neighbors
14. Third persons from the village
(possibly)
15. Kanton because of the access
road (politics)

STAKEHOLDER ANALYSIS
STAKEHOLDER ANALYSIS
low

high

Legend:
++
1

2

4

5

Stakeholder

8

high

7

+++
1

+

11

++

action arrow

support

9

+++
3

6

importance

low

10

++

low

+

++

++

+++

14

15
high

potential conflict

+

13

Influence / power

attributes of the organization
attributes of the environment

external origin

Internal origin

SWOT ANALYSIS

STRENGTHS

WEAKNESSES

•
•
•
•

• Little or no regular income during the construction phase
• Credit-worthiness

Own work / contribution (Carpenters)
Experienced in building houses
Experienced in building with natural materials
Landlords of properties

S

W

OPPORTUNITIES

THREATS

•
•

• Kantonsstrasse - access road
• Neighbour

Increased demand for apartments
Increased awareness of a healthy lifestyle
(including healthy building)

O

T

PROJECT CONTEXT

OBJECTIVE/FACTUAL
•
•
•
•
•

SOCIAL

Community law
Construction law
Fire safety law (Fire police / prevention)
Contractual guidelines
Patents

• Budget

•
•

•
•
•
•
•
•
•

Contractors
Sub-contractors
Suppliers
Potential clients (tenants)
Neighbours
Rest of the family
Financial supporters (bank)

•
•
•
•
•

Target public
Kanton (politics)
Press
Community of healthy living
Third persons from the village

Client (sister)
P-team (brother & me etc.)

DIRECT
INDIRECT

•

Engineer office

INTERN
•
•

Other houses / appartments
Infrastructur of region/area

EXTERN

PROJECT ORGANIZATION - deﬁnition of roles & communication diagram

6. Project Organization (Functional PO)

Client (sister)

PO chart

Definition & description of roles
Assign project contract

Bank

Lukas
Priority decisions
Representation of
project interests to the outside

Internal
contracting
authority

Financial supporters

Team A: Project coordination

Private investor

Assignment of
people to roles

Matthias (me)

Project coordination

Composition and
management of the project
team

Project manager

Design Team
(designing, planning &
administration)

Construction Team

Project controlling
Project team
(Internal, without contractors)

Team B: Finance & administration
Research, designing &
documentation

Planning & tender

Execution (practical work)

Finance / administration

Information flow in
project
(communication)
Nathalie

Task distribution in Design Team (who is
responsible for which task, doesn't
mean that she/he is handling it alone)

Team A: Construction monitoring
& management

Team E: Construction (own
work)

Team F: Contractors & specialist
planners (external companies)

Lukas

Lukas

Mason / builder

Matthias

Electrician

Hans-Peter

Hans-Peter

Sanitary

Regula

Stefan

Carpenter (only for
prefabrication of exterior walls)

Team C: Research, designing &
documentation

Team D: Planning & tender
(executive & approval
planning

Nathalie

Lukas

Mirjam
Prisca

Matthias

Matthias

Client

Lukas
External PO

Project coordinator (Lukas & Matthias (me))
Matthias (me)

Engineer (only for approval
to give green light)
Hans-Peter
Internal PO
Regula

Hans-Peter
Mirjam

Prisca

Nathalie

Stefan

Regula

Mirjam

Prisca

Nathalie

Stefan

PROJECT ORGANIZATION

Client: (sister)

Team A
Financial supporters (bank
& private investor)

Project coordination
Lukas
Matthias (me)

Design Team

Construction Team

Team B

Team C

Team D

Team A

Team E

Team F

Finance &
administration

Research,
designing &
documentation

Planning & tender

Construction
monitoring &
management

Construction (own
work)

Contractors

Nathalie
Mirjam

Nathalie
Prisca

Lukas
Matthias
Hans-Peter
Regula

Lukas
Matthias

Lukas
Matthias
Hans-Peter
Stefan

Mason/builder
Electrician
Sanitary
Carpenter (only for
prefabrication of
exterior walls)
Engineer (only for
approval of
structure)

PHASE MODEL

No.

Phase

Duration (weeks) Effort %

Effort €

Milestones

1

Evaluation & Analyzing

5

3.75

27.500

A: Engineer’s & family’s approval

2

Deﬁnition

4

2.75

20.000

B: Financial supporter’s (bank & investor) approval &
Materialization approval by client & contractors

3

Conceptual Work

5

5

35.000

C: Completion of concept & client’s (sister) approval &
Awarding of specialist planners

4

Planning

10

13

95.000

D: End of phase: Approval of Authority & Complete tender

E: Awarding of contracts & obtaining building permission &
Start of building

5

Preparatory Work

9

11.5

85.000

6

Realisation & Construction

16

58.5

427.500

F: Successful completion of construction (Topping out
(Richtfest)) & Successful completion of building

7

Finalisation & Delivery

3

5.5

40.000

G: Satisfactory ﬁnal handover & achievement of high level
of indoor air quality (Test)

PHASE MODEL EFFORT
Effort %

Legend:
Phase 1

5

Phase 2
Phase 3
Phase 4

4.5

Phase 5
Phase 6
Phase 7

4

Milestones
E

3.5

3

2.5

F

2

1.5
C

D

B

1

A
B

0.5
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Duration
weeks

LIST OF ACTIVITIES
No.

Phase / Activity

Duration (weeks)

AoR

Resource people

1

Evaluation & Analyzing

1.1

Taking measures and pictures of site & ﬁrst meetings

1

-

2 (Team A)

1.2

Evaluation of situation (study & documentation of site & creating a 3D terrain model (virtual &
physical)

4

ES, 1.1

2 (Team A)

2

Deﬁnition

2.1

Goal scheduling & contract with client

1

ES, 1.2

2 (Team A)

2.2

Collecting & analyzing design wishes

2

ES, 2.1

2 (Team C)

2.3

Budget & cost estimation

1

ES, 2.2

2 (Team B)

3

Conceptual Work

3.1

Case studies & variant study

1

ES, 2.2

2 (Team C)

3.2

Design concept

2

ES, 3.1

2 (Team C)

3.3

Preliminary planning

2

ES, 3.2

4 (Team D)

4

Planning

4.1

Time & cost scheduling

1

SS, 3.3

2 (Team B)

No.

Phase / Activity

Duration (weeks)

AoR

Resource people

4.2

Meetings with specialist planners (mason/builder, sanitary & electrician)

1

SS, 3.3

2 (Team A)

4.3

Design development

5

ES, 4.1

2 (Team C)

4.4

Approval planning

6

SS, 4.3 + 3 weeks

4 (Team D)

5

Preparatory Work

5.1

Time & cost controlling

1

ES, 4.3

2 (Team B)

5.2

Executive planning

6

ES, 4.4 + 2 weeks

4 (Team D)

5.3

Coordination of contractors & monitoring of specialist planners

3

SS, 5.2 + 1 week

2 (Team A)

5.4

Order / organization of materials

1

ES, 5.2

2 (Team B)

6

Realisation & Construction

6.1

Time & cost controlling

2

ES, 5.4

2 (Team B)

6.2

Resource planning

1

ES, 5.2

2 (Team A)

6.3

Excavation

2

ES, 5.2

2 (Team F)

6.4

Masonry (+ Material No. 1 = € 10.000)

3

ES, 6.3

3 (Team F)

No.

Phase / Activity

Duration (weeks)

AoR

Resource people

6.5

Prefabrication of exterior walls (wooden elements) (+ Material No. 2 = € 10.000)

4

ES, 5.2

5 (Team F)

6.6

Prefabrication of interior walls, ceilings & roof (wooden elements) (+ Material No. 2 = € 10.000)

3

ES, 5.4

4 (Team E)

6.7

Building rammed earth walls

2

ES, 6.4

6 (Team E & F)

6.8

Erection (construction) of all elements on site

2

SS, 6.7 + 1 week

4 (Team E)

6.9

Installation of sanitary connections & electrical system (ducts) (+ Material No. 3 = € 10.000)

3

ES, 6.8

4 (Team F)

6.10

Window installation (+ Material No. 4 = € 30.000)

2

ES, 6.8

3 (Team F)

6.11

Exterior insulation & cladding (+ Material No. 5 = € 20.000)

4

ES, 6.8

4 (Team E)

6.12

Interior construction (stairs, ﬂoor & wall ﬁnishes, kitchen, doors etc.) (+ Material No. 6 = € 30.000)

4

ES, 6.11

4 (Team E)

7

Finalisation & Delivery

7.1

Finishes (interior)

2

ES, 6.12

4 (Team E)

7.2

Installation of sanitary facilities & electrical stuff (sockets, lamps etc.) (+ Material No. 7 = € 10.000)

1

ES, 6.12

2 (Team F)

7.3

Final Check & handover to client (sister)

1

ES, 7.1

2 (Team A)

PROJECT SCHEDULE PLAN
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Legend:
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RESOURCE PLAN
Activity
1.1
1.2
2.1
2.2

3

Legend:
2

2

2

2
Phase 1
2
Phase 2
2

2
Phase 3

2.3

2

3.1
3.2
3.3
4.1

2

4.2
4.3
4.4
5.1
5.2
5.3
5.4
6.1
6.2
6.3

Phase 4
Phase 5
2

2
Phase 6
4

4

Phase 7

2

No. = amount of people

2
2

2

2

2

2

4

4

4

4

4

4
2
4

4

4

4

2

2

2

4

4

2
2
2
2

2

6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
7.1
7.2
7.3

2

5

3

3

5

5

5

4

4

4

3

6

6
4

4
4

4

3

3

4

4

4

4

4
4

4

4

4
4

4

2
2
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RESOURCE PLAN - PEOPLE PER WEEK
ppw
20

Legend:
Phase 1
Phase 2
Phase 3
Phase 4
Phase 5
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Phase 7

15

A-F = Teams
E

E

E

F

E

10

F

E

E

F

A

F

E

F

B

C

D

D

D

D

A

A

A

D

D

D

EF

F

EF

F

5
C

D

D

D

D

D

D

D

A

E

A

F

E

E

E

E

E

E

E

F

A

A

A

A

A

C

C

B

C

C

C

C

C

C

B

B

B

B

A
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COST PLAN
€

800.000

750.000
700.000

Legend:

600.000

Phase 1

1 = Material for masonry

Phase 2

2 = Material for wooden elements (walls, ceilings & roof)

Phase 3

3 = Sanitary & electrical ducts, pipes etc.

Phase 4

4 = Windows

Phase 5

5 = Material for facade (exterior insulation & cladding)

Phase 6

6 = Material for interior ﬁnishes (stairs, ﬂoor, kitchen etc.)

Phase 7

7 = Sanitary facilities & electrical stuff (lamps, sockets etc.)

Materials

A-F = Teams

5

500.000

400.000

1

4
2

6

300.000
E
E
E
F

200.000

E
F

E

E

7

F
A

F

3

E
F

100.000
C

B

C

D

D

D

D

D

D

D

D

D

A

A

A

D

D

D

EF

D

D

A

20.000

EF

F

E

A

F

F

E

E

E

E

E

E

E

F
A

A

A

A

A

C

C

B

C

C

C

C

C

C

B

B

B

B

A
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Health Conscious Building
Final Presentation
Design Project III
Matthias Tscharner

Pollutants in Interiors

Materials: Low-emission, no Chemicals

Natural, Sustainable, Ecological, Healthy

EFH Montagna

Montagna

•

A couple with 2 children, part-time workers, home ofﬁce

•

They love to do sport and relax

36

10

N

Site
•

South-facing slope

•

Free sight from east to west

•

Very narrow plot

36

10

N

Natural Light & Energy

Sketches

Elevation South West

Summer

Winter

Summer - EVENING

East Facade

South Facade

West Facade

North Facade

Section 01

View to North

Section 02

Section 03

Rammed Earth Wall

Section 04

View to South

Section 06 & 07

Detail
Wall 1st Floor:
1. Clay Plaster: 10mm
2. Clay Board: 20mm
3. Bracing Wood: 20mm
4. Wooden Studs & Sheep-Wool Insulation: 200mm
Ceiling:
5. Clay Plaster: 15mm
6. Clay Board: 25mm
7. Solid Wood or Wooden Ridge Ceiling Elements with Insulation: 260mm
8. Timber boards: 30mm
9. Impact Sound Insulation: 40mm
10. Plank Flooring (Solid Wood): 30mm
Wall 2nd Floor:
11. Rammed Earth: 500mm

11.
10.
9.
8.
7.
6.
5.
4.
3.
2.
1.

Ground Floor

Ground Floor - LOUNGE

Ground Floor - LOUNGE

Ground Floor - KITCHEN & DINING

Ground Floor - KITCHEN & DINING

Ground Floor - KITCHEN & DINING

First Floor

Toilet & bath (children & guests)
Bedrooms (children)

First Floor - LIVING

First Floor - LIVING

First Floor - LIVING

First Floor - TODDLERS ROOM

First Floor - BOYS ROOM

First Floor - GIRLS ROOM

First Floor - BATHROOM

First Floor - RAMMED EARTH WALL

Second Floor

Toilet, bath, shower & relaxing space with view to the west
Bedroom with walk-in closet (parents)

Second Floor - PARENTS AREA

Second Floor - BEDROOM

Second Floor - BEDROOM

Second Floor - BATHROOM

Second Floor - BATHROOM

Basement

Basement - FUN & GAMES + STORAGE SPACE

THANK YOU

