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Preface by the Authors

There are essential challenges for the
future, such as taking a responsible
approach towards nature. Also, there
is the search for an environmentally-
friendly energy supply that is easy on
resources and climate. A further chal-
lenge is the search for clean sources
of drinking water. Aside from novel and
more efficient technologies than are
currently in place, additional empha-
sis will thus need to be placed on re-
ducing energy and water requirements

without decreasing either comfort level
or living standard. The building sec-

tor worldwide uses up to 40% of pri-
mary energy requirements and also a
considerable amount of overall water
requirements. Meanwhile, the service
life of both new and renovated build-
ings reaches far into the future. Hence,
these buildings considerably influence
envisioned energy and water needs for
the next 50 to 80 years. This means
that, even today, they must be planned,

constructed and run according to the
principles of energy efficiency, climatic
aspects, and water conservation. This
applies even when global outlines to
counteract climate change seem to lie
too farin the future to grasp. Buildings
that show these attributes of sustain-
ability are called Green Buildings. They
unite a high comfort level with opti-
mum user quality, minimal energy and
water expenditure, and a means of en-
ergy generation that is as easy as pos-



sible on both climate and resources,

all this under economic aspects with a
pay-back span of 5 to 15 years. Green
Buildings are also capable of meeting
even the most stringent demands for
aesthetics and architecture, which is
something that the examples given in
this book clearly show. Planning these
buildings, according to an integrated
process, requires the willingness of all
those involved: to regard the numer-
ous interfaces as seams of individual
assembly sections, the synergies of
which are far from being exhausted yet.
An holistic and specific knowledge is
needed, regarding essential climatic,
thermal, energy-related, aero-physical
and structural-physical elements and
product merits, which does not end at
the boundaries of the individual trades.
Further, innovative evaluation and
simulation tools are being used, which
show in detail the effects throughout
the building’s life cycle. The examples
in this book show that a building can in-
deed be run according to the principles
of energy and resource conservation
when - from the base of an integrated
energy concept — usage within a given
establishment is being consistently
tracked and optimized. The resulting
new fields of consulting and planning
are called energy design, energy man-
agement and Life Cycle Engineering. In
this particular field, Drees & Sommer
now has over 30 years of experience, as
one of the leading engineering and con-
sulting firms for the planning and op-

eration of Green Buildings. Our cross-
trade, integrated knowledge stems
from Drees & Sommer’s performance
sectors of Engineering, Property Con-
sulting and Project Management.

The contents of this book are based
on the extensive experience of the
authors and their colleagues — during
their time at Drees & Sommer Advanced
Building Technologies GmbH —in plan-
ning, construction and operation of
such buildings. It documents, through
examples, innovative architectural and
technical solutions and also the target-
oriented use of specialist tools for both
planning and operation. This book is
directed primarily at investors, archi-
tects, construction planners and build-
ing operators, looking for an energy
approach that is easy on resources. It
is meant as a guideline for planning,
building and operation of sustainable
and energy-efficient buildings.

At this stage, we would also like to
thank all the renowned builders and
architects together with whom, over
the last years, we had the honour of
planning, executing and operating
these attractive and innovative build-
ings. The level of trust they put in us
is also shown by the statements they
gave us for this book and the provided
documentation for many prominent
buildings. For their kind assistance in
putting together this book, a special
thanks is due.

We would be pleased if, by means
of this book, we succeeded in rais-

ing the level of motivation for erecting
Green Buildings anywhere in the world,
whether from scratch or as renovation
projects. Engineering solutions to make
this happen are both available and eco-
nomically viable. Our sustainability ap-
proach goes even further, incidentally.
The CO, burden resulting from the pro-
duction and distribution of this book, for
instance, we have decided to compen-
sate for by obtaining CO, certificates for
CO, reducing measures. Hence, you
are free to put all your energy into read-
ing this book!

We would now like to invite you to
join us on a journey into the world of
Green Buildings, to have fun while read-
ing about it, and above all, to also dis-
cover new aspects that you can then
use for your own buildings in future.

Heubach, Gerlingen, Nuertingen
Michael Bauer

Peter Mosle
Michael Schwarz
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10 The Motivation behind the Green Building Idea

Increased Public Focus on Sustainability

and Energy Efficiency

Man’s strive for increased comfort and
financial independence, the densifica-
tion of congested urban areas, a strong
increase in traffic levels and the grow-
ing electric smog problem due to new
communication technologies all cause
ever rising stress levels in the immedi-
ate vicinity of the individual. Quality of

life is being hampered and there are ne-

gative health effects. All this, coupled
with frequent news about the global
climate change, gradually leads to a
change of thought throughout society.
In the end, it is society that must
bear the effects of economic damage
caused by climatic change. Due to the
rising number of environmental catas-
trophes, there was in increase of 40%
between the years of 1990 to 2000
alone, when compared to economic
damage sustained between 1950 and
1990. Without the implementation of
effective measurements, further dam-
age, which must therefore still be ex-
pected, cannot be contained. Compa-

nies across different industries have
meanwhile come to realize that only a
responsible handling of resources will
lead to long-term success. Sustainable
buildings that are both environmentally
and resource-friendly enjoy an increas-
ingly higher standing when compared
to primarily economically oriented solu-
tions.

Aside from social and economic fac-
tors, steadily rising energy costs over
recent years facilitate the trend towards
sustainability. Over the past 10 years
alone, oil prices have more than dou-
bled, with an annual increase of 25%
between 2004 and 2008. Taking into
account both contemporary energy
prices and price increases, energy sav-
ing measures have become essential
in this day and age. A further reason
for the conscientious handling of re-
sources is a heavy dependency on en-
ergy import. The European Union cur-
rently imports more than 60% of its
primary energy, with the tendency ris-

Fig. A3 State Office
Building in Berlin.
Architects: Petzinka
Pink Technologische
Architektur®,
Duesseldorf

ing. This constitutes a state of depen-
dency that is unsettling to consum-
ers and causes them to ask questions
about the energy policy approach of
the different nations. Since energy is
essential, many investors and operators
place their trust in new technologies
and resources in order to become inde-
pendent of global developments.

Real Estate, too, is starting to think
along new lines. End-users look for sus-
tainable building concepts, with low
energy and operating costs, which offer
open, socially acceptable and commu-
nication-friendly structures made from
building materials that are acceptable
from a building ecology point of view
and have been left in as natural a state
as possible. They analyze expected
operating costs, down to building rena-
turation, and they run things in a sus-
tainable manner. Aside from looking at
energy and operating costs, they also
take an increasing interest in work per-
formance levels, since these are on the
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rise for workers in Europe. Only when
people feel good and are healthy they
can work at their optimum performance
level. By necessity, this means provid-
ing both a comfortable and healthy
environment. Investors also know they
should use sustainable aspects as
arguments for rental and sale, since
nowadays tenants base their decisions

in part on energy and operating costs
and are looking for materials that are in
accordance with building ecology con-
siderations. Green Buildings always
offer a high comfort level and healthy
indoor climate while banking on re-
generative energies and resources that
allow for energy and operating costs

to be kept as low as possible. They are
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Fig. A4 European Union Dependency on Energy Imports

developed according to economically
viable considerations, whereby the en-
tire building life cycle - from concept
to planning stage, from construction
to operation and then back to renatu-
ration — is taken into account. Green
Buildings, therefore, are based on an
integrated and future-oriented ap-
proach.
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The Motivation behind the Green Building Idea

Supportive Framework and General Conditions

Owing to rising public interest in sus-
tainable and ecological solutions, the
last few years have resulted in the es-
tablishment of numerous framework
conditions that facilitate the use of
energy-saving technologies, energy
sources that are easy on resources and
sustainable products for the property
sector.

The base of a sustainable energy
policy can be found in various nation-
al, European and International laws,
standards, norms and stipulations that
specify measurable standards of ener-
gy efficiency for buildings and facili-

ties. Further, the norms define the mini-

mum standard for energy efficiency of
buildings and facilities. The norms also
set minimum standards for thermal
comfort, air quality and visual comfort.

Across Europe, there is currently a
drive to unify these standards. On an
international level, however, the dif-
ferent nations are setting their own
guidelines and these cannot necessar-
ily be directly compared to each other.
The standards are being supported by
a variety of available and targeted
grants for promising technologies that
are currently not yet economical on a
regenerative level. Examples for this in
Germany would be the field of photo-
voltaics, for instance, or of near-surface
geothermics, solar thermics, biogas
plants or energy-conserving measures
for the renovation of old buildings.

In the currently available laws, stan-
dards and stipulations, however, not all

the essential building and facility areas
are being considered. This means that
many of these areas are unable to ful-
fil their true potential when it comes
to the possibility of optimisation on an
energy level. Further, legally defined
critical values for energy consumption
are generally below those required for
Green Buildings. These critical values
are usually set in a manner that allows
for marketable products to be used.
Laws and stipulations will, therefore,
always be backward when compared
to the actual market possibilities for
obtaining maximum energy efficiency.

i

This gap can be bridged by the use of
Green Building labels, guidelines and
quality certificates, since these can at
least recommend adherence to more
stringent guidelines. The higher de-
mands placed on true energy efficien-
cy can also be justified by the fact that
the technology in buildings and facility
has a great lifespan. This means that a
CO, emission limit specified today will
have long-ranging effects into the fu-
ture. Today’s decisions, therefore, are
essential aspects in determining future
emission levels.




CO, Emission Trade

From February 2005, the Kyoto proto-
col applies. It is meant to reduce the
levels of global greenhouse gas emis-
sions. The origin of this protocol can

be traced back to 1997. It stands for
an international environmental treaty
where the 39 participating industrial
nations agreed, by 2012, to reduce their
collective emission of environmentally
harmful gases, like, for instance, car-
bon dioxide (CO,) by a total of 5% when
compared to 1990 levels. Within the
European Community, the target reduc-
tion level is 8%, in Germany even 21%.
As Figure A6 shows, most industrial
nations fall far short of meeting their
targets at this time.

By means of CO, trade, a long-term
corrective measure is supposed to be
achieved for the human-caused green-
house effect. The environment is here-
by considered as goods, the conserva-
tion of which can be achieved through
providing financial incentives.

Politicians have now recognized that
environmental destruction, resulting
from climatic change, firstly cannot on-
ly be counteracted by purely economic
means and secondly must be regarded
as a serious global problem. For the
first time, the idea behind the CO, trade
clearly unites both economical and en-
vironmental aspects. How precisely
does CO, emissions trading work, then?
For each nation that has ratified the
Kyoto protocol, a maximum amount of
climate-damaging greenhouse gases
is assigned. The assigned amount cor-

equator

M over 11.0 7110 11.0 41t07.0

M 0.0t04.0

D no information in t CO,/inhabitants for the year 2004

Fig. A5 CO, Emissions Distribution levels per Capita, World Population, for the year 2004

responds to maximum permitted us-
age. The Greenhouse Gas Budget, which
goes back to 1990, takes into account
future development for each partici-
pating nation. Economies that are just
starting to rise as, for instance, can be
found in Eastern Europe, are permitted
a higher degree of CO, emissions. In-
dustrial nations, however, must make
do every year with a reduced green-
house budget.

For each nation, a certain number of
emissions credits are assigned on the
basis of the national caps on the emis-
sions in that nation. These credits are
assigned to the participating enterpris-
es, according to their CO, emissions
level. If the emissions of a given enter-
prise remain below the amount of emis-
sion credits that it has been assigned
(Assigned Allocation Units or AAUs),

forinstance as a result of CO, emission
reduction due to energy-savings mea-
sures applied there, then the unused
credits can be sold on the open mar-
ket. Alternatively, an enterprise may
purchase credits on the open market
if its own emission-reducing measures
would be more costly than the acqui-
sition of those credits. Further, emis-
sion credits can be obtained if a given
enterprise were to invest, in other de-

veloping or industrial nations, into sus-

tainable energy supply facilities. This
means that climate protection takes
place precisely where it can also be re-
alized at the smallest expense.

In Germany, during the initial stage
that runs up to 2012, participation
in the emissions trade process is only
compulsory for the following: opera-
tors of large-size power plants with a

13



14 The Motivation behind the Green Building

thermal furnace capacity in excess

of 20 MW and also operators of power-
intensive industrial plants. With this,
ca. 55% of the CO, emissions poten-
tial directly participates in the trade.
Currently, neither the traffic nor the
building sectors are part of the trade

in either a private or commercial man-
ner. However, in Europe, efforts are
already underway to extend emissions
trading to all sectors in the long run.

In other, smaller European nations like,
forinstance, Latvia and Slovenia,
plants with a lower thermal output are
already participating in the emissions
trade. This is explicitly permitted in the
Emissions Trade Bill as an opt-in rule.
The evaluation and financing of build-

Idea

ings based on their CO, market value

is something that, in the not-too-distant
future, will reach the property sector

as well. A possible platform for build-
ing-related emissions trade already ex-
ists with the EU directive on overall en-
ergy efficiency and with the mandatory
energy passport. Our planet earth only
has limited biocapacity in order to re-
generate from harmful substances and
consumption of its resources. Since the
Nineties, global consumption levels ex-
ceed available biocapacity. In order to
reinstate the ecological balance of the
earth, the CO, footprint needs to be de-
creased. Target values that are suitable
for sustainable development have been
outlined in Figure Az.

India ** Status in 2004

China * = Targe orinted on 1980
Kyoto|protocol signed but not ratified
Iceland ** Emissions status in 2002

Australia®

Norway

. 55.339
Ukraina 55.33% 0.00 %

i -31.96 %
Russia o 0.00 %

New Zealand
0.00 %

-5.47 %

Croatia Eri¥

Canada 6.00%
Japan

USA’

-6.00 %

-7.00 %

Romania -41.06 %
-8.00 %
Bulgaria -48.98 %
-8.00 %

i o
Switzerland 8.00% 0.38 %

-3.70%
-8.00 %

Monaco®
Liechtenstein
EU

-8.00 %

-0.58 %
-8009

7247 %
5.98 %
7.939 | status 2008:
10.00 9
10.24 9
1,009
25 =
21.32%
2.0

A

2

26.58 % 5

6.53% T 15

)

14.30 % 5

]

2

€

5

z

USA 23%

China 17

Russia 7'

%

%

Japan 5%

India 4%

Germany 3%

Other 25 EU Nations 12%

Rest of the World 29%

Fig. A8 Distribution of CO, Emissions by World
Nations for the Year 2004

Number of people: 6,5 Mrd
CO,-Footprint Worldwide: 1,41 gha/Person
CO,-Footprint — Germany: 2,31 gha/Person
CO,-Footprint — Europe: 2,58 gha/Person

2008 - 2050:

Prognosis for the CO,-Footprint of the
World, if no measures are undertaken |

1 |

Ecological dept

Status 2050:
Number of people: 9 Mrd
Target CO,-Footprint Worldwide:
0,7 gha/Person
Measures:

- Energy Efficienty in Construction and
Technology
- Renewable Energies

”’

Biocapacity
reserve

#

8.34 %

-80.0 % -60.0 % -40.0 % -20.0 % 0.0%

Fig. A6 Reduction Targets, as agreed in the Kyoto Pr

20.0% 40.0 % 60.0 % 80.0 %

otocol, and current Standing

of CO, Emission Levels for the worldwide highest global Consumers

|
1960

1980 2000

== Ecological Footprint

=== Biocapacity

2020 2040

2050

2060

2080

Fig. A7 Sustainability wedges and an end to overshoot

2100 Year



Rating Systems for Sustainable Buildings

Rating systems have been developed
to measure the sustainability level of
Green Buildings and provide best-prac-
tice experience in their highest certi-
fication level. With the given bench-

System

(Country of origin)

Initiation

Key Aspects
of Assessment
& Versions

Level of
Certification

DGNB
(Germany)

2007

- Ecological Quality
- Economical Quality
- Social Quality

- Technical Quality

- Process Quality

- Site Quality

Purpose of the
DGNB Certificate:
Application for
buildings of any kind
(Office high-rises,
detached residential
homes, infrastructure
buildings etc.)

DGNB for:

- Offices

- Existing Buildings
- Retail

- Industrial

- Portfolios

- Schools

Bronze
Silver
Gold

BREEAM
(Great Britain)

1990

- Management

- Health & Well-being
- Energy

- Water

- Material

- Site Ecology

- Pollution

- Transport

- Land consumption

BREEAM for:
Courts, EcoHomes,
Education, Industrial,
Healthcare, Multi-
Residential, Offices,
Prisons, Retail

Pass

Good

Very good
Excellent
Outstanding

marks, the design, construction and
operation of sustainable buildings
will be certified. Using several criteria
compiled in guidelines and checklists,
building owners and operators are giv-

LEED
(USA)

1998

- Sustainable Sites

- Water Efficiency

- Energy & Atmos-
phere

- Material &
Resources

- Indoor Air Quality

- Innovation &
Design

LEED for:

New Construction,
Existing Buildings,
Commercial Interiors,
Core and Shell,
Homes, Neighbor-
hood Development,
School, Retail

LEED Certified
LEED Silver
LEED Gold
LEED Platinum

Fig. A9 Comparison of different Rating Systems for Sustainable Buildings

Green Star

(Australia)

2003

- Management

- Indoor Comfort

- Energy

- Transport

- Water

- Material

- Land Consumption
& Ecology

- Emissions

- Innovations

Green Star for:

- Office - Existing
Buildings

- Office — Interior
Design

- Office — Design

4 Stars: ,Best Practice’

5 Stars: ,Australien
Excellence'

6 Stars: ,World
Leadership’

CASBEE

(Japan)

2001

Certification on the
basis of “building-
environment
efficiency factor”

BEE=Q/L

Q ... Quality
(Ecological Quality
of buildings)

Q1 - Interior space
Q2 - Operation

Q3 - Environment

L ... Loadings
(Ecological effects
on buildings)

L1 - Energy

L2 - Resources

L3 - Material

Main Criteria:

(1) Energy Efficiency
(2) Resource Con-
sumption Efficiency
(3) Building
Environment

(4) Building Interior

C (poor)
B

B+
A
S (excellent)

en a comprehensive measurable im-
pact on their buildings’ performance.
The criteria either only cover aspects of
the building approach to sustainability,
like energy efficiency, or they cover the

Minergie
(Switzerland)

1998

4 Building standards
are available:

(1) Minergie

- Dense building
envelope

- Efficient heating
system

- Comfort ventilation

(2) Minergie-P
additional criteria
to (1):

- Airtightness of
building envelope

- Efficiency of
household
applicances

(3) Minergie-Eco
additional criteria
to (1):

- Healthy ecological
manner of
construction
(optimized daylight
conditions, low
emissions of noise
and pollutants)

(4) Minergie-P-Eco
Adherence to
criteria of Minergie-P
and Minergie-Eco

Minergie
Minergie-P
Minergie-Eco
Minergie-P-Eco

15



whole building approach by identify-
ing performance in key areas like sus-
tainable site development, human and
environmental health, water savings,
materials selection, indoor environmen-
tal quality, social aspects and econo-
mical quality.

Furthermore, the purpose of rating
systems is to certify the different as-
pects of sustainable development
during the planning and construction
stages. The certification process means
quality assurance for building owners
and users. Important criteria for suc-
cessful assessments are convenience,
usability and adequate effort during the
different stages of the design process.
The result of the assessment should be
easy to communicate and should be
showing transparent derivation and re-
liability.

Structure of Rating Systems

The different aspects are sorted in over-
all categories, like »energy« or quality
groups »ecologys, reconomy« and »so-
cial« demands (triple bottom line). For
each aspect, one or more benchmarks
exist, which need to be verified in order
to meet requirements or obtain points.
Depending on the method used, indi-
vidual points are either added up or
initially weighted and then summed up
to obtain the final result. The number
of points is ranked in the rating scale,
which is divided into different levels:
The higher the number of points, the
better the certification.

16 The Motivation behind the Green Building Idea
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Fig. A12 LEED® Certification

LEED® - Leadership in Energy and
Environmental Design

The LEED® Green Building Rating Sys-
tem is a voluntary, consensus-based
standard to support and certify success-
ful Green Building design, construction
and operations. It guides architects,
engineers, building owners, designers
and real estate professionals to trans-
form the construction environment into
one of sustainability. Green Building
practices can substantially reduce or
eliminate negative environmental im-
pact and improve existing unsustain-
able design. As an added benefit, green
design measures reduce operating
costs, enhance building marketability,
increase staff productivity and reduce
potential liability resulting from indoor
air quality problems.

The rating systems were developed
for the different uses of buildings.
The rating is always based on the same
method, but the measures differenti-
ate between the uses. Actually, new
construction as well as modernization
of homes and non-residential build-
ings are assessed. Beyond single and
complete buildings, there are assess-
ments for neighborhoods, commercial
interiors and core and shell. The rating
system is organized into five different
environmental categories: Sustainable
Sites, Water Efficiency, Energy and At-
mosphere, Material and Resources and
Innovation.

—_—

Water Efficiency

Energy & Atmosphere

—

—

Indoor Environmental Quality

Innovation in Design

Fig. A10 LEED® Structure

Sustainable Sites

[l Water Efficientcy

B Energy & Atmosphere
Materials & Resources

B ndoor Environment Quality

B innovation in Design

Fig. A11 LEED® Weighting



BREEAM - BRE Environmental
Assessment Method

The assessment process BREEAM was
created by BRE (Building Research Es-
tablishment) in 1990. BRE is the certi-
fication and quality assurance body for

BREEAM ratings. The assessment meth-

ods and tools are all designed to help
construction professionals understand
and mitigate the environmental im-
pacts of the developments they design
and build. As BREEAM is predominately
a design-stage assessment, it is im-
portant to incorporate details into the
design as early as possible. By doing
this, it will be easier to obtain a higher
rating and a more cost-effective result.
The methods and tools cover different
scales of construction activity. BREEAM
Development is useful at the master
planning stage for large development
sites like new settlements and commu-
nities.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Certified Good Very Good Excellent Outstanding

Certified Very Good Excellent
| 30 Points 55 Points | 70 Points

Fig. A15 BREEAM Certification

Different building versions have been
created since its launch, to assess
the various building types. Currently,
the evaluation program is available Health & Wellbeing
for offices, industry, schools, courts,
prisons, multiple purpose dwellings,
hospitals, private homes and neighbor-
hoods. The versions of assessment es-
sentially look at the same broad range
of environmental impacts: Manage-
ment, Health and Well-being, Energy,
Transport, Water, Material and Waste,
Land Use and Ecology and Pollution.
Credits are awarded in each of the
above, based on performance. A set of
environmental weightings then enables
the credits to be added together to pro-
duce a single overall score. The build-
ing is then rated on a scale of certified,
good, very good, excellent or outstand-
ing and a certificate awarded to the de-

sign or construction. Fig. A13 BREEAM Structure

Management

Energy

Transport

Management
Health & Wellbeing
Energy

Transport

Water
Materials
Waste

Pollution

Land Use & Ecology

Fig. A14 BREEAM Weighting
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Bronze Silver Gold

Fig. A18 DGNB Certification

DGNB - German Sustainable Building
Certificate (GeSB(C)

In contrast to comparable systems, the
GeSBC label takes all three sustainabil-
ity dimensions in account in its assess-
ment structure, examining ecological,
economic and socio-cultural aspects.

As the result of legislation, the Ger-
man real estate industry already has a
high standard of sustainability. In addi-
tion to the Energy Passport, the GeSBC
addresses all items defining sustain-
ability to meet the demands.

The German Sustainable Building
Council (DGNB) was founded in June
2007 and created the German Sustain-
able Building Certificate together with
the German Federal Ministry of Trans-
port, Construction and Urban Develop-
ment. The goal is »to create living envi-

ronments that are environmentally com-
patible, resource-friendly and economi-

cal and that safeguard the health, com-

Ecology

Economy

Technical Quality

Process Quality

fort and performance of their users«.

The certification was introduced to
the real estate market in January 2009.
It is now possible to certify at three dif-
ferent levels, »Bronze«, »Silver« and
»Gold«. As shown in Fig. A16, site qual-
ity will be addressed, but a separate
mark will be given for this, since the
boundary for the overall assessment is
defined as the building itself.

MINERGIE ECO®
Minergie® is a sustainability brand for
new and refurbished buildings. It is
supported jointly by the Swiss Confed-
eration and the Swiss Cantons along
with Trade and Industry. Suppliers in-
clude architects and engineers as well
as manufacturers of materials, compo-
nents and systems.

The comfort of occupants living or
working in the building is the heart of
Minergie®. A comprehensive level of

Social Quality

Site Quality

Fig. A16 DGNB Structure

Fig. A17 DGNB Weighting

A 4

Fig. A19 Certification medals
with DGNB Gold, Silver, Bronze

comfort is made possible by high-grade
building envelopes and the continuous
renewal of air.

The evaluation program is available
for homes, multiple dwellings, offices,
schools, retail buildings, restaurants,
meeting halls, hospitals, industry and
depots. Specific energy consumption
is used as the main indicator of Miner-
gie®, to quantify the required building
quality. The aim of the Standard »Min-
ergie-P®« is to qualify buildings that
achieve lower energy consumption than
the Minergie® standard. The Minergie
and the Minergie-P® Standard are pre-
requisites for the Minergie ECO® as-
sessment. The ECO® Standard comple-
ments Minergie with the categories
of health and ecology. The criteria are
assessed by addressing questions
on different aspects of lighting, noise,
ventilation, material, fabrication and
deconstruction. The affirmation of the

Process Quality
Technical Quality
Ecological Quality

Economical Quality

Social Quality



question must comprise at least 67%
of all relevant questions. The assess-
ment includes two different stages:

the pre-assessment during the design
stage (Fig. A20) and the assessement
during the construction stage to verifiy
the success of previously planned mea-
sures (Fig. A21).

Energy Performance Directive

An important building certification,
incorporated by the EU, is the Energy
Performance Certificate. They devel-
oped the prototype of the federally
uniform Energy Performance Certifi-
cate. The certificate has been legally
compulsory since 2007 as a result of
the energy saving regulation, which is a
part of the EU building laws. For Germa-
ny, Energy Saving Regulation defines
maximum values for primary energy
demand and the heat loss by transmis-
sion for residential and non-residential

buildings. The maximum value depends
on the type and use of the building.

The maximum value for modernization
in general lies 40% below the values 67%
of new construction. Energy balancing
comprises beyond heat loss of trans-
mission heat input of solar radiation,
internal heat input, heat loss of distri-
bution, storage and transfer inside the
building as well as the energy loss by
the energy source through primary pro-
duction, transformation and transport.
»Green Building« is an European pro-
gram setting target values 25% or 50%
below compulsory primary energy de- 33%
mands. Its focus is especially on build-

ings with non-residential use, like of-

fice buildings, schools, swimming pools

and industrial buildings.

33%

Fig. A20 Minergie ECO®
Weighting Pre-Assessment

67%

Fig. A21 Minergie ECO®

Weighting Construction Stage

E n e rg y Pa S S po rt for non-residential buildings

under the §§ 16 ff. Energy Conservation Ordiance
Measured Energy Requirement of the Building

Primary Energy Requirement »Overall Energy Efficiency«

Health

Construction
Ecology

Health

Construction
Ecology

CO,-Emissions

This building
76,9 kwh/(mza)
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Fig. A22 Energy Passport
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>600

19



20 The Motivation behind the Green Building Idea

An integrated View of Green Buildings -
Life Cycle Engineering

Green Buildings are buildings of any
usage category that subscribe to the
principle of a conscientious handling of
natural resources. This means causing
as little environmental interference as
possible, the use of environmentally-
friendly materials that do not constitute
a health hazard, indoor solutions that
facilitate communication, low energy
requirements, renewable energy use,
high-quality and longevity as a guide-
line for construction, and, last but not
least, an economical operation. In
order to achieve this, an integrated,
cross-trade approach is required to
allow for an interface-free, or as inter-
face-free as possible, handling of the
trades of architecture, support struc-
ture, facade, building physics, build-
ing technology and energy while tak-
ing into account both usage consider-
ations and climatic conditions. To this
end, innovative planning and simula-
tion tools are employed, according

to standards, during the design and
planning stages for Green Buildings.
They allow for new concepts since - by
means of simulation of thermal, flow
and energy behaviour - detailed cal-
culations can be achieved already dur-
ing the design stage. Attainable com-
fort levels and energy efficiency can
thus be calculated in advance and this
means that, already during the design
stage, itis possible to achieve best
possible security in regards to costs
and cost efficiency. Equipped with
these kinds of tools, Green Building de-

signers and planners can safely tread
new paths where they may develop
novel concepts or products.

Aside from an integrated design and
work approach, and the development
and further development of products
and tools, sustainability must be ex-
panded so that the planners are able
to gather valuable experience even
during the operation of the buildings.
This is the only way that a constructive
back-flow of information into the build-
ing design process can be achieved,
something that, until now, does not ap-
ply for contemporary building construc-
tion. This approach is to be expanded
to encompass renaturation, in order
to make allowances for the recycling
capability of materials used even dur-
ing the planning stage. In other indus-
trial sectors, this is already required by
law but, in the building sector, we are
clearly lagging behind in this aspect.
On account of consistent and rising en-
vironmental stress, however, it is to
be expected that sustainability will also
be demanded of buildings in the medi-
um-term and thus not-too-distant fu-
ture.

The path from sequential to integral
planning, hence, needs to be developed
on the basis of an integral approach
to buildings and is to be extended in the
direction of a Life Cycle Engineering
approach. This term stands for integral
design and consultation knowledge,
which always evaluates a given concept
or planning decision under the aspects

of its effects on the entire life-cycle of

a given building. This long-term evalu-
ation, then, obliges a sustainable han-
dling of all resources.

The authors consider Life Cycle En-
gineering to be an integral approach,
which results in highest possible sus-
tainability levels during construction.

It unites positive factors from integral
planning and/or design, the manifold
possibilities of modern planning and
calculation tools, ongoing optimisation
processes during operation, and con-
scientious handling during renaturation
of materials. All this results in a Green
Building that, despite hampering nature
as little as possible, can provide a com-
fortable living environment to meet the
expectations of its inhabitants.



Fig. A23 Life expectancy of
contemporary components
when seen inside the time-
frame of possible rises of
global temperature levels
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Fig. A24 Cost-savings Green Buildings vs. Standard Buildings — detailed observation over the entire Life Cycle
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Perceived Use defines the Concept

Whether it is an office building, school,
recreational facility or industrial build-
ing — aside from climatic consider-
ations, the intended use of a given
building plays an important role in the
design of energy-efficient buildings.
Usage demands are usually related

to the desired comfort level and can
be expressed in terms of minimum and
maximum indoor temperatures, indoor
humidity levels or illuminance. Further,

Application Usage Means and Merit

Few people, Playing,
Eating, Living, Cleaning,
. Watching Television,
“ ] Hobbies, Parties

=1
Living

Normal amount of people,
concentrating on their work

Many people studying
intensely, break, school
operation

High people density, high
heat source density, short
operation times, flexible
use

Trade Fairs

ey Different density levels for
[ A E 1| heat and source areas,

i v , different activity levels
ru:r—:m .
Industry

there are time-related stipulations for
adhering to the desired indoor condi-
tions. Just think of decrease of room
temperature at night. In office build-
ings, this requirement as a rule only
exists for reasons of energy conserva-
tion, since no energy consumers are
present at night. In residential build-
ings, however, this requirement can be
for comfort reasons also. For instance,
the kids’ room, especially when it is

Requirements

High level of thermal comfort,
partially also sufficient if achieved
per section (reading corner),
different room temperatures (day/
night), good air quality

High thermal comfort level, room
temperature and humidity kept as
comfortable as possible,
temperature reduction at night for
energy conservation reasons, fast
heating-up at the start of
operation, very good air quality

Very good air quality, high thermal
comfort level covering all areas,
short-term turn-off during break

Good air quality, no draught, good
thermal comfort level, high cooling
loads that are surface-oriented,
fast heating-up process

Good air quality at the work place,
high level of thermal comfort
depending on degree of activity,
locally adaptable

Need

Even thermal balance for
radiation and convection,
flexible system

Even thermal balance for
radiation and convection,
flexible system, sufficient
outdoor air supply, without
draught

High volume of outdoor air
flow, short turn-off times,
high level of performance
reserves for heating-up
process

High and surface-related
air flow volume, high and
surface related cooling
performance levels

Sufficient outdoor air flow -

if possible: without draught,

locally adjustable, thermal
balance adjustment

Tab. B1.1 Details different user applications, according to their merits and requirements

also being used as a playroom, should
be warm enough during the day while,
at night, it is rather the cooler tempera-
tures that are desirable for sleeping.
The building and facility design ought
to make this possible without unneces-
sary energy expense.

Building and Facility Function

Heating surfaces, demand-oriented
addition of outdoor air, need-based
lighting

Heating and cooling surfaces,
sufficient supply of outdoor air,
efficient heat recovery, on account of
longer operation times: sufficient
illumination

Efficient ventilation concept, optimal
heat supply covering all areas,
adequate lighting, energy-saving
outflow of heat sources

Locally arranged layered ventilation
so that only the user zone is
coordinated, quick heating-up
process

Locally arranged layered ventilation
for sufficient work place ventilation,
layered ventilation also used to
efficiently transport source areas out
of the populated zones, possibly also
localized suctioning of the source
areas, heating and cooling surfaces
for thermal balance

25



26

Sustainable Design

Relationship between Level of Well-Being
and healthy Indoor Climate

Buildings, as a kind of third skin, are
an important factor for our health and
quality of life. A high performance level
at work can only be obtained when a
high level of well-being exists also.
This gives rise to creative processes
and ideas and also allows our body to
regenerate and heal. The related high
performance capacity of man is reflect-
ed in both work life and inter-human
relationships. Naturally, there are many
different influences and sizes of those
influences on man’s well-being and
biorhythm. Some can be physically
measured, such as air temperature or
indoor noise level. Other factors are
of a biological nature, like age and state
of health, or ethically different educa-
tion levels. For thermal comfort levels,
it is also important what type of cloth-
ing is worn during which activities. In-
termediate well-being criteria are also,
forinstance, whether a colleague in a
two-person office is liked or not. There
are also other influences that only be-

Fig. B1.1 Skin surface temperature of a person during low activity levels
and with a surrounding environmental temperature of 26 °C

Internal surface temperature Clothing

Air temperature Degree of activity
Relative humidity
Air movement
Air pressure

Air quality Room occupancy
Electromagnetic compatibility
Acoustic influences

Visual influences

Day and annual rhythm

Psycho-social factors

Nutrition
Ethnic influences

Individual control possibility Age
Adaptation and acclimatization ~ Sex

Bodily condition
Building design

Tab. B1.2 Influence factors for comfort level sensation indoors

come noticeable when one is subjec-
ted to them over longer periods of time.
Among these, for instance, are high-
emission materials (for instance, ad-
hesives) and electromagnetic rays that
continue to gain ever-increasing influ-
ence (see table B1.2).

Subjective thermal comfort sensa-
tion of a human being is determined
by the heat flows running through his
or her body. Heat generated inside the
body must be completely emitted to
the surrounding environment in order
to maintain thermal balance. The hu-

40.0

36.9

Temperature in °C

33.8

30.6

27.5

24.4

181

15.0

man organism is equipped with the
ability to maintain a relatively constant
inner core temperature level, minor
fluctuations included, independent

of environmental conditions and dur-
ing different physical activities. Under
harsh climatic conditions, the human
regulating mechanism can become
overloaded when trying to adapt body
temperature to its surrounding environ-
ment, resulting in it either sinking or
falling. The infrared images, B1.1 and
B1.2, show a person during light and
then elevated levels of physical activity

40.0
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Temperature in °C
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24.4

213
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Fig. B1.2 Skin surface temperature of a person during high activity levels
and with a surrounding environmental temperature of 26 °C



and also the corresponding tempera-
ture distribution on the skin surface.
These differences show that, in both
cases, thermal comfort can only be
achieved when either the temperat-
ure of the surrounding environment
orthe clothing worn has been chosen
according to the situation. Uncomfort-
able sweating (high level of evapora-
tion) can be largely avoided, for in-
stance, when a skin surface tempera-
ture of about 34°C s not exceeded
and the surrounding environmental
temperatures range somewhere just
below the 26°C level.

As the infrared images also clearly
show, the highest surface temperat-
ures for people are around the head
region, the lowest at the point farthest
from the heart, the feet region. This al-
lows for the conclusion that thermal
comfort can only be obtained whenever
surface temperatures of room envelope
surfaces are adjusted to human need.
A ceiling that is too warm inside a heat-
ed room, for instance, prevents heat
emission in the head region and quick-
ly leads to headaches. Likewise, cold
floors elevate heat loss levels via the
feet and increase surface temperature
differences of the human body (Figure
B1.3).
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Relationship between Comfort Level
and Performance Ability

The work performance level of a person
and the required work efficiency level
have risen in recent years, especially
in industrial nations, on account of
global competition. Building owners
and tenants have recognized by now
that comfortable indoor climate lev-
els are a decisive factor when it comes
to upholding productivity levels. If,
forinstance, a company suffers from
an unacceptable indoor climate for
10% of work time, this leads to a more
or less noticeable decrease in work
performance levels, spread over 200
hours or 25 days per annum per staff
member. For service enterprises with
daily rates of 500 to 2000 Euro per day,
this means a financial loss of between
12500 to 50000 Euro perannum per

=
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Fig. B1.3 Heat emission rates for a person as

it relates to surrounding environmental tempera-
ture. From a temperature of 34°C, the body can
exclusively emit heat via evaporation (sweating),
since the surface temperature of the human skin
is also 34 °C.

employee. When this is now applied to
the gross floor area (GFA) of a typical
office building, an annual loss of 500
to 2000 Euros per square meter GFA
results. Compare this to the required
costs for the installation and operation
of a cooling system, which are, on av-
erage, only 15 to 25 Euros per square
meter GFA per annum. You will see
that this is a relatively small amount
by comparison. Figure B1.4 shows
physical and mental performance ca-
pacity as it relates to room temperature
and was determined by past research.
It shows that, from room temperatures
of about 25°C to 26°C upwards, perfor-
mance capacity noticeably decreases.
From 28 to 29°C onwards, work effi-
ciency clearly decreases.
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Fig. B1.4 Performance capacity of a person
as it relates to room temperature.

Il Mental perform-
ance capacity
according to Wyon

B Physical and
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Hettinger
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Advanced Building
Technologies
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Operative Indoor Temperature in Occupied Rooms

Prof. P.O. Fanger of the University of
Denmark at Copenhagen, undertook
some research into how precisely the
level of well-being of people indoors
is perceived under different thermal
conditions. The basis for the research
was the essential influential factors of
man on thermal body balance: activity
level and type, clothing, air and radia-
tion temperature, air velocity and air
humidity levels. Research results were
interpreted in such a manner as to al-
low calculation of prospective and sub-
jective heat sensation, so long as the
above-mentioned factors can be deter-
mined. They also show that it is impos-
sible to please everyone, on account of
the individuality of man. A study with
more than 1300 human subjects has
shown that at least 5% of the subjects
will perceive the indoor climate as being
of an uncomfortable level. For heat sen-
sation, according to valid and current
international and European standards,
three different categories of thermal
comfort have been defined: Category
A, the highest (very good) has a prob-
ability of 6% dissatisfied, the medium
category B (good) has 10% dissatisfied
and in category C (acceptable) there
is a high probability of the presence of
about 15% dissatisfied people.
Temperature is the decisive factor
for subjective thermal comfort. Depend-
ing on mood, duration of stay and lo-
cale, the same situation is being per-
ceived differently by the same person.
Direct solar radiation on the body, for

instance, can be perceived as pleasant
when it happens during relaxation in
one’s own living room. In stress situa-
tions, however, the same heat supply
source is perceived as uncomfortable.
A person perceives temperature as it
results from the adjacent air tempera-
tures, individual temperatures of sur-
rounding surfaces and, possibly, direct
solar radiation. This temperature is
known as operative temperature.

For rooms with a longer duration of
stay, the criteria used are the mean
operative temperature without direct
solar radiation. To simplify matters, this
becomes the mean value, resulting
from the present surface temperatures
of interior surface areas and indoor
temperature in general. Surface tem-
peratures are also known as radiation

temperatures. The relation between
radiation and air temperatures can be
changed by means of heat insulating
merits of the facade system, building
mass present or through the techni-
cal facilities that are in use. In Figures
B1.5 and B1.6, comfort criteria for win-
ter and summer respectively are shown.
The highest degree of satisfaction is
achieved at an operative indoor temper-
ature of 22°Cin winter and 25°Ciin
summer. Depending on outdoor cli-
mate, physical material properties of
components and the type of technol-
ogical systems in use, different sur-
faces inside a room may present differ-
ent temperatures. Care should be taken
that these temperatures do not differ
too much from room temperature. Fur-
ther, they should be as closely matched

Comfortable
W Good
Il Acceptable

Radiation Temperature in °C

22

20

18

16 18 20 22 24 26 28

Air Temperature in °C

Fig. B1.5 Comfortable room temperature range
in winter, with matching clothing (light sweater).
High surface temperatures balance cooler outside
temperatures.

18 20 22 24 26 28 30

Air Temperature in °C

Fig. B1.6 Comfortable room temperature range
in summer, with matching clothing (short-sleeved
shirt). Low surface temperatures balance warmer
outside temperatures.
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Fig. B1.7 Comfortable temperature range for
warm wall surfaces
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Surface Temperature
max 28°C (100% activated)
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Fig. B1.8 Comfortable temperature range for
warm ceiling surfaces. In order to maintain head
region temperature at a constant 34°C, ceiling
temperature should be maintained below 35°C
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Surface Temperature
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Fig. B1.10 Comfortable temperature range for
cool window areas. Uncomfortable radiation
asymmetries result when inner surface tempera-
ture of the facade is less than 15°C. This means
cold air drop can be avoided

as possible since thermal comfort lev-
els are influenced especially by local
surface temperatures. If this is not the
case, we speak of so-called radiation
asymmetry. Figures B1.7 to B1.11 show
recommended maximum discrepancies
for winter and summer settings, as they
were determined by empirical research.
During the planning stages, however,
these critical values ought not be ex-
ploited to the limits. It is much better
to keep surface temperature discrepan-
cies small, already from the concept-
stage onward, for this saves the later
need for having discussions about the
validity of empirically defined comfort
limits.

The floor is a component with direct
human contact. For this reason, it
makes sense to define maximum and
minimum temperatures within the

T —— v’

Surface Temperature
min 14°C

Fig. B1.11 Comfortable temperature range for
cool ceilings. High levels of uncomfortable indoor
radiation asymmetries can be avoided in summer
when surface temperatures of cool ceilings do not
exceed 14°C

range of the human comfort level for
this particular building component.
The values, however, are dependent
on such factors as the thermal effus-
ivity of the floor surface and heat in-
sulation characteristics of shoes as
well as duration of floor contact (Fig-
ures B1.9 and B1.12). For shorter con-
tact duration, like, forinstance, at
circulation areas, the acceptable tem-
perature range is much larger (ca. 12 to
32°() than in steadily populated areas
with longer contact duration (ca.21 to
29°0).

Aside from the differences in sur-
face temperature, it is also important
for local comfort levels that the differ-
ence between air temperature in the
head region and that in the foot region
is kept to a minimum. A cool head
and warm feet are no problem in this;

29

Surface Temperature
max 29°C

Fig. B1.9 Comfortable temperature range
for warm floor surfaces with shoes worn

b

Fig. B1.12 Comfortable temperature range
for cool floor surfaces with shoes worn
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P

however, when there is a higher temp-
erature in the head than foot region,
itis perceived as uncomfortable. For
sophisticated populated areas, the
maximum temperature difference
between head and foot region should
remain within the 2K range.
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Operative Temperature in Atria

Evaluation criteria for common rooms
cannot be applied to atria and halls in
anything but a limited manner since
these areas are, as a whole, used as
circulation areas and only at times al-
so serve as settings for functions. As
a guideline for design, in this case, we
need rather to look at operative out-
door temperatures in comparison. This

BB - L P

depends largely on temperature differ-
ences between winter and summer,
wind velocity and sunlight influence.
In Figure B1.14, the magnitude of in-
fluence on physically operative tempe-
rature (PET) is depicted: aside from the
known magnitudes of influence like air
temperature, surface temperature and
air velocity, in this case there is also a

Fig. B1.13 Deichtor Center in Hamburg. Architects: BRT Architects Bothe Richter Teherani, Hamburg

relationship to be taken into account
between direct solar radiation and the
resulting operative temperature. When
designing halls and atria for Green
Buildings, hence, it is important to ob-
tain an indoor climate — by the exclu-
sive use of construction means and
natural resources — that for most of the
year will be experienced as being nicer




than outdoor climate. In winter, opera-
tive temperature in the outdoor area -
depending on wind speed and sunlight
influence - can lie well below the 5 to
10 Krange. In Figure B1.15 the range
of possible operative temperatures in
the outdoor area is depicted for an out-
door temperature of -5°C. In compari-
son, there is the operative temperat-
ure for an atrium with different outside
climate. Without heating, and in case of
a airtight and heat insulating building
envelope, an operative temperature of
5°Cis reached. In case of a high level
of direct solar radiation, operative tem-
perature inside the atrium can quickly
rise to 15 to 20°C. This is very comfort-
able for the atrium stay.

For users of adjacent common rooms,
however, this can also have a negative
effect since direct weather contact and
the related temperature fluctuations
are only possible in a limited manner.

In summer, for most atria, there is
thermal stratification with tempera-
tures rising toward the roof area. In
order to maintain inside conditions for
the atrium at a level that is still per-
ceived as comfortable, the operative

Fig. B1.14 Measurable magnitude of influence
of thermal comfort inside atria. Aside from heat
exchange through convection and long-wave
infrared radiation, we often also need to consider
the influence of direct solar radiation on a person
and as it relates to operative temperature.

temperature inside the atrium needs to
be noticeably below operative tempera-
ture in the outdoor area, so that, when
entering the atrium, the difference will
be consciously felt.

In Figure B1.16, operative tempera-
tures for the outside area and the atri-
um are depicted for different settings
and for an outdoor air temperature of
30°C. Operative temperature under the
influence of direct sunlight, and with no
wind, is at 45°C. In the bottom region
of the atrium, it reduces by 10 K. If ad-
ditional means are implemented also,
like, for instance, plants or awnings,

Natural = _
Convection

Waste Air
in the Roof Area
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then operative temperature is reduced
by a further 5 K. This approach clarifies
that atria are also acceptable to users
if they boast higher temperatures than
the adjacent common rooms. During
the design stage, however, it also needs
to be kept in mind that the specified
operative temperature levels are really
achieved through application of con-
structional undertakings. If the louvers
are too small, or there is awkward glaz-
ing quality, this can easily lead to oper-
ative temperatures inside the atrium for
summer not being too far below those
for winter conditions or even exceeding
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Fig. B1.15 Comfortable winter climate in atria, at outside air temperature of -5°C,
in comparison to outside area and heated populated areas (e.g. office)
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Indoor Humidity

Humidity levels only have a negligent
influence on temperature perception
and thermal comfort indoors as long
as air temperature is within the usual
range, activity levels of the persons
inside are fairly low and indoor humid-
ity range lies between 30 and 70%.
Therefore, a room with a relative hu-
midity level that is higher by around
10% is perceived as being as warm
as temperatures that are 0.3 K higher.
For higher indoor temperature and
activity levels, humidity influence is
larger because people then emit heat
primarily through evaporation (sweat-
ing). High levels of humidity, however,
make this process more difficult or
even impossible, meaning that opera-
tive temperature rises and discomfort
results.

Even at regular indoor temperature

sunny sunny
v v

levels, a lasting, very low or very high
a humidity level can negatively influence

Atrium

In the lower area: Under|the roof,
shaded shaded
Office
I I
15 20 25 30 35 40 45 50
good PETin°C

Fig. B1.16 Comfortable summer climate in atria, at outside air temperature of 30°C,
in comparison to outside area and cooled populated areas (e.g. office)

them. If this is the case, then the atrium
cannot be used properly. Of importance

when designing atria is also that work
stations located inside the atrium are
equipped with a so-called microclimate

adhering to thermal requirements for
work stations. In order to achieve this,
most rooms will need to be designed
with a sectioned box equipped with the
relevant indoor climate technology.

well-being. Humidity levels below 30%
lead to drying out and to mucous irri-
tations of the eyes and airways while
humidity levels above 70% can cause
mould through condensation. The lat-
ter, aside from being hazardous to
health, can also damage the building.
Whether additional technological mea-
sures need to be undertaken, in order
to control indoor humidity levels, de-
pends on the frequency of occurrence
of indoor humidity levels that are either
too high or too low.

Figures B1.17 and B1.18 show the
amount of utilization hours that are
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Fig. B1.17 Amount of required utilization hours (Monday to Friday, 8 am
to 6 pm) for the humidification of added outside air in order to obtain a
relative room humidity level of 35%

Fig. B1.18 Amount of required utilization hours (Monday to Friday, 8 am to 6
pm) for the dehumidification of added outside air in order to obtain a relative
room humidity level of 60 %

required to humidify and dehumidify
the air, for different climatic regions
across Europe. If requirements for hu-
midity balance are not very high, e.g.
relative minimum indoor humidity of
more than 35% then, at least for middle
European regions, active humidification
is not required. In these regions, on av-
erage, very dry outside air only occurs
for less than 15% of utilization time.
However, in very airtight buildings,
where air exchange only works through
ventilation units, care should be taken
to provide for sufficient sources of hu-
midity. This means that passive mea-
sures, like humidity recovery through
rotation wheels in automatic ventilation
units, should be undertaken. In North-
ern Europe, on the other hand, cold and
dry outdoor air occurs much more fre-
quently, so that it could constitute an
advantage to humidify indoor air.

In middle and southern Europe, the
air is often muggy in summer. If this
does not happen often, then there is
no need for mechanical dehumidifica-

tion of rooms. It may be possible, un-
der some circumstances, to store room
humidity inside the materials. However,
if muggy outside air conditions pre-
vail over a longer period of time, then
at least partial dehumidification of the
outside air that was added mechanical-
ly is to be recommended.

On account of the latent amount, de-
humidification requires a large amount
of energy. Hence, for Green Buildings,
processes are recommended that do
not dehumidify through energy-inten-
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Fig. B1.19 Relative humidity influence on
operative indoor temperature in winter

Humidity in %

sive cooling of the outside air but that
dry out the air through, for instance,
the use of absorptive materials. These
processes are being developed jointly
with those of solar cooling and, espe-
cially for regions with high outside air
humidity levels, they offer significant
energy and CO, saving potential.
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Fig. B1.20 Relative humidity influence on
operative indoor temperature in summer
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Air Velocity and Draught Risk

Local thermal discomfort is especially
perceived when the body’s energy turn-
over is very low. This happens mainly
with sitting work. For a higher degree
of activity, for instance when walking or
undertaking other physical tasks, local
heat sensation is not as prominent. In
that case, there is much less danger for
local discomfort. When judging the in-
fluence of draught occurrence on ther-
mal comfort levels, these circumstanc-
es always need to be checked out first,
before technological or constructional
systems are applied.

For sitting people in office, residen-
tial, school and conference settings,
draught is the most frequent cause for
local discomfort. Excessive heat emis-
sion and draught can be caused, on
one hand, passively through the cold
air temperature drop from cool surfaces

25 ‘

23

(e.g. badly insulated walls or tall glass
facades). On the other hand, they can
be actively caused through mechani-
cal and natural ventilation systems. The
effect is the same in both cases, how-
ever: a localized cooling of the human
body occurs, caused by higher air ve-
locity and the resulting higher amount
of heat transfer. Depending on air ve-
locity, fluctuation (turbulence) and air
temperature, air movement is being
more or less accepted. This means that
air movement in winter, with a cold air
stream, can become uncomfortable
very quickly, while slightly warmer out-
side airin summer, via vents, can feel
very good, indeed, since it actively sup-
ports heat emission by the body. Air
movements are accepted much better,
incidentally, when brought about by the
user through manual processes (e.g.

N
(&)
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opening of windows) or when the user
places no demands on a high level of
comfort (e.g. atrium).

Figures B1.21 and B1.22 show criti-
cal values for three different comfort
level categories in order to obtain even
and turbulent ventilation. In common
rooms, values for the highest category
should be adhered to while, in entrance
or circulation areas, the lowest catego-
ry provides a sufficient level of comfort
on account of the temporary utilization.

However, constantly populated
rooms and the reception area need to
be regarded apart, especially since,
there, frequent complaints about dis-
comfort ensue. If this happens, then a
separate local microclimate needs to
be created for these areas.

Local air temperature in °C

o |

0.1 0.15 02 025 03 035 04

Air Velocity in m/s

Fig. B1.21 Comfortable air velocities at an even flow level
(turbulence degree: 10%), dependent on air temperature
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Fig. B1.22 Comfortable air velocities with turbulent flow
(turbulence degree: 50%), dependent on air temperature
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Clothing and Activity Level

The type of clothing a person wears
has a significant influence on his or her
thermal well-being. Having said that,

a common definition of comfort cannot
be achieved without taking into ac-
count the situation or mood at the time.
If direct solar radiation is perceived as
comfortable while at home wearing a
warm sweater or when it happens on a
nice winter’s day, the same operative
temperature is perceived as disturbing
in a stress situation. The same applies
to different degrees of activity: sitting
people react much more sensitively to
air movement and temperature fluctua-
tions than people who move about a lot.
The influence of clothing and activity
level on local comfort, therefore, must
be taken into account during building
design. Requirements differ depending
on utilization.

‘ warm

jacket ‘

shirt, long

shirt, long
trousers

cool

18 20 22 24 26 28 30

Operative Temperature in °C

Fig. B1.23 Influence of clothing on thermal
comfort during summer

Activity Level

Figure B1.23 shows the influence of
clothing on operative indoor tempera-
ture in summer. In regular common
rooms, for building arrangement, it is
assumed that the user will wear long
trousers and sleeves in winter. This
means that indoor temperature per-
ceived as optimal will be at 22°C. In
summer, an indoor temperature of be-
tween 25°C to 26°C will only be per-
ceived as optimal when short-sleeved
shirts can be worn. For those utiliza-
tions where the occupants wear suit
and tie year round, indoor temperature
needs to be set at 2.5°C lower, in order
to achieve the same comfort level.

For building areas like gyms or atria,
where activity level of the occupants is
significantly higher than in populated
areas with sitting activity, comfort tem-
peratures are significantly lower. De-
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Fig. B1.24 Influence of activity level on
thermal comfort when wearing a suit

Activity Level

pending on clothing, indoor tempera-
tures for standing activities or light ex-
ercise will be perceived as being quite
comfortable from 15 to 18°C (Figures
B1.24 and B1.25).
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Fig. B1.25 Influence of activity level on thermal
comfort when wearing summer sportive clothing
(short-sleeved shirt and short pants)
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Visual Comfort

The degree of visual comfort is decided
by both daylight and artificial lighting
levels. Generally, these two lighting
means can be evaluated separately,
since artificial lighting is provided for
those situations when there is no or
insufficient daylight present. In Green
Buildings, however, there is frequently
an interaction between these two light
sources and/or their control and re-
gulation. This leads to a soft transition
between daytime and evening illumi-
nation.

The evaluation of visual comfort in
an artificial lighting setting is based,
in essence, on these factors:

» Degree of illuminance, both
horizontally and vertically,

« Evenness of illuminance distrib-
ution through the room,

Fig. B1.26 Room presentation with exclusively direct illumination
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* Freedom from glare for both

direct and reflex glare settings
« Direction of light, shading and colour
« Reproduction and light colour
Illuminance course is defined especially
through direction of beam and capacity
of beam of the lamps used. The advant-
ages of indirect illumination are a high
degree of evenness and a low poten-
tial for glare effects. Advantages of
direct illumination include low electric-
ity consumption, better contrasts and
demand-oriented regulation. Figures
B1.26 and B1.27 show room impres-
sion for direct and indirect illumination.
For indirect illumination, the only way
the same illuminance level of 500 Lux
can be achieved, on the work plane, as
for direct lighting is by using twice the
amount of electricity. While evenness

of room illumination is still achieved, it
is monotonous, however, on account of
missing shades. With exclusively direct
illumination of the room, vertical illumi-
nance is so low that is restricts percep-
tion of the room. This does not allow for
comfortable communication among the
occupants and, further, there is uneven
illuminance also at the working plane
level. It is by the combination of these
two lighting means that, most often,
both the visual and economic optimum
is achieved. Each task requires a differ-
ent illuminance level. The minimum lim-
it for tasks requiring a certain amount
of concentration is 300 Lux. In Figure
B1.28, minimum illuminance require-
ments as outlined in the European direc-
tives, are summarized. Office readings
show that, with daylight illumination,

Fig. B1.27 Room presentation with exclusively indirect illumination



illuminance of 300 Lux is perceived as
comfortable. Unfortunately, these set-
tings are not included in the standards
for artificial lighting, although they
have been demonstrated to apply in
practice.

The prevailing lighting atmosphere
inside the room is determined by the
reflection characteristics of surface
areas, light colour and colour reproduc-
tion of the illuminants used. Contem-
porary, quality illuminants are capable
of setting light moods for the room that
are similar to those in daylight. Avail-
able illuminant colours are off-white,
neutral white and daylight white. Usual-
ly it is off-white and neutral white light
that is perceived as comfortable by of-
fice occupants. Daylight white light,
at 500 Lux, is rather perceived as being
cold and uncomfortable. Only at much
higher illuminance levels does this par-
ticular light colour start to be accepted.
Colour reproduction merits of a lamp,
on the other hand, stand for its ability
to reproduce the colours of people and
objects as close to life as possible.

For a good level of colour reproduction,
the illuminants used should have, at
the very least, a colour rendering index
of R, = 80 or, better still, of R,= 90 and
higher.

Evaluation of visual comfort in a day-
light setting, independent of artificial
lighting used, is much more complex
since it is not only the stationary situa-
tion that needs to be taken into account
but also changes in brightness levels

1000
900

800

700

600

llluminance Level in Ix

500

400

300
200
100

Single office

Class rooms

|

T
Communal office
Conference rooms
Courses for adult educatjon
Lecture theatres
Ward Ii$htin‘g
Examination rooms
Treatment rooms
Sales area
Checkout

Hallwa
Stairc:

£ -
s
9

Office School and
Buildings

Hospitals
Universities Retail

Wholesale and  Circulation

Sports
Area Facilities

Building Type

Fig. B1.28 Illuminance levels for different user applications

over the course of an entire year. Room
shape, immediate vicinity obstruction,
and chosen lighting-technological mer-
its of the fagade are all decisive factors
for determining daylight quality inside
aroom. All three factors, however, are
linked to architectural and thermal re-
quirements, so that an optimum illu-
mination can be achieved only through
an integrated approach. Good daylight
quality levels are given when:

¢ Indoor brightness, as opposed to out-

door brightness in winter and summer,
reaches certain critical values (Daylight
Factor and Sunlight Factor)

e Natural lighting inside the room is
evenly distributed

e Indoor brightness changes according
to outdoor brightness so that a day-
night rhythm can be felt (this especially
applies for rooms not oriented to the
North, since they receive sunlight for
parts of the year)

¢ An outside relationship can be es-
tablished with concurrent sufficient

solar protection

e Glare, especially as it occurs with
work place monitors, can be avoided
(near and far field contrasts)

e Alarge proportion of lighting, during
usage hours, stems exclusively from
daylight, without the use of electric
power or artificial lighting (daylight au-
tonomy).

Correct facade design for maximum use
of natural daylight potential present,
while also adhering to solar protection
considerations and limitation of glare,
is one of the most difficult tasks of
building design. The reason for this is
the high variability factor of sun and
sky conditions over the course of the
day (Figure B1.32). Horizontal illumi-
nance encompasses readings from 0 to
120 000 Lux, while solar luminance is
up to one billion cd/m?. For rooms with
monitor work stations, an illuminance
of 300 Lux suffices, window surface lu-

minance should not exceed 1500 cd/m?.

This means that sufficient natural light-
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ing is achieved if a mere 0.3% of day-
light in summer and 6% in winter can
be transported onto the work planes.
The degree of difficulty is mainly due to
the fact that sky luminance simultane-
ously needs to be reduced to between
3 and 13%, and solar luminance to
0.0002%.

Daylight and solar factors define day-
light quality inside a room. Both values
define the relationship of illuminance
on the working plane to outdoor bright-
ness. The daylight factor is calculated
for an overcast sky, in order to evaluate
a given room independent of any solar
protective devices or systems. The solar
factor, on the other hand, is calculated
for a sunny room with solar protection
in order to allow evaluation of daylight
conditions with solar protection active.
This distinction is of importance in or-
der to compare facades, with and with-

Reflectance Coefficient
Envelope Surfaces

Fig. B1.29 Magnitude of Influence when designing
artificial lighting

Reflectance Coefficie(
Envelope Surfaces

Sustainable Design

out daylighting systems, across the
board for any sky condition.

The measurement variable called
luminance can be imagined as the level
of light perception for the eye. Differ-
ent luminance levels lead to contrast
formation. Contrasts are important so
that the eye can even identify objects.
Yet, if contrasts are too high, they lead
to glare effects that are hard on the hu-
man organism. In order to attain a com-
fortable and sufficient visual level at
the monitor, contrasts between working
field and near field should not exceed
3:1 and between working field and far
field should not be greater than 10:1.
The near field runs concentric around
the main viewing direction, with a beam
angle of 30°C. The far field has twice
that opening angle. Research shows
that higher contrast levels for both near
and far field are acceptable to the user.

Course of
Brightness

Fig. B1.30 Magnitude of Influence for daylight
design (winter)

This can be traced back to the fact that,
through the psychologically positive
effect of daylight on people, higher lu-
minance levels outside the window are
not perceived as bothersome. Contem-
porary monitors are mainly non-reflect-
ing and boast own luminance levels of
between 100 and 400 cd/m?2. Figures
B1.33 and B1.34 show an evaluation of
luminance distribution on that basis,
as well as of contrasts for the near and
far field.

Contrary to artificial lighting, a high
level of evenness for one-sided daylight
illumination is much harder to achieve.
Illumination equability is defined as
the ratio of minimum illuminance level
and medium illuminance level of a giv-
en area of the room. For artificial light-
ing, the ratio should be larger than 0.6.
For daylight illumination, however, this
value can scarcely be achieved, or only

Far Field
Contrasts

Near Field ,«*
Contrasts

Fig. B1.31 Magnitude of Influence for daylight
design (summer)
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Abb B1.32 Sky illuminance rates and luminance
in various settings

by decrease of the overall illuminance
level. For this reason, equability evalu-
ations for daylight illumination cannot
be based on the same criteria as those
for artificial lighting. Rather, practically
attainable values need to be consul-
ted. The aim here is to achieve a read-
ing of more than 0.125 for equability.
Essential factors of influence in this are
downfall size and reflection grades of
the materials used indoors.
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Fig. B1.33 Near field contrasts as luminance
distribution for direct work place vicinity (desk)
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Fig. B1.35 Evaluation of a given room according
to daylight factor D. The daylight factor is the
ratio of illuminance at 85 cm height to outdoor
brightness in overcast sky conditions. Most fre-
quently, the parameter used is the reading at half
room depth, maximum of 3m distance from the
facade.
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Fig. B1.34 Far field contrasts as luminance
distribution for expanded work place environment
(windows, inside walls)
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Fig. B1.36 Evaluation of a given room accor-
ding to solar factor SF. The daylight factor is

the ratio of illuminance at 85cm height to out-
door brightness with sunny facade. The facade
is being shaded by the planned solar protective
device in order to calculate remaining natural
brightness inside the room. Most frequently, the
parameter used is the reading at half room

depth, maximum of 3m distance from the fagade.
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Acoustics

We usually only perceive acoustic influ-
ences subconsciously. However, physi-
cal and mental well-being can some-
times significantly depend on both the
amount and type of sound that we are
subjected to. Since it is not possible

to close one’s ears to sound influence,
at the very least it is our subconscious
that gets strained by noise. It does

not necessarily have to be a perma-
nently high noise level to, literally, get
on our nerves. Even heavily fluctuat-
ing orimpulse-oriented sounds can be
very damaging. Inside a building, this
frequently includes sound-containing
information, fragments of conversation
from phone calls or staff discussions,
neighbours arguing etc. In the design
stage, we distinguish between hamper-
ing and harming of our health. The limit
which defines from when onward there
is real danger to our health depends,
aside from the loudness of outside
noise, also on the amount of time a per-
son is subjected to the noise. As a gen-
eral rule, noise levels running some-
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Fig. B1.37 Factors of influence on reverberation
time and acoustic comfort
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Fig. B1.38 Measuring Values for typical reverberation times

for different utilization

where around 85dB(A) are only reached
in industrial and recreational settings.
Outside noise sources that influ-
ence levels of concentration and work
performance, and also hinder our com-
munication or interrupt required rest
phases, are primarily traffic-caused. In
this, we distinguish between a perma-
nent noise level (road) and a short-term
noise level (airplane, train, cars wait-
ing at a traffic light). In case of even
sources, constructional countermea-
sures can be enacted, like, for instance,
double fagades or noise protection
shields. The amount of stress caused
by short noise level caps depends on
their frequency and, as a rule, is much
harder to evaluate. Since, when moder-
ate outdoor temperatures prevail, most
people enjoy ventilating their rooms via
the windows, one needs to look at out-
door noise influence for two different
settings: closed and open windows.
For energy considerations also, natu-
ral ventilation is to be preferred during
those times of the year that allow for it
without hampering thermal comfort in
any significant manner. This reduces
running times of technical systems and
thus also energy demand. Depending

on window arrangement, different lev-
els of indoor noise are being reached.
Decisive is, however, how high the dis-
turbance factor really is and whether it
is being accepted inside the room on an
ongoing basis. Practice shows that, for
the sake of natural ventilation through
the windows, occupants are frequently
willing to accept higher levels of noise
interference from the outside. In con-
trast, smaller noise levels from venti-
lation units are not accepted as well.
Figure B1.39 shows an evaluation of
indoor noise levels for different appli-
cations.

Interior noise sources result from
other people, technological systems or
other devices. In this, we need to distin-
guish between the need for total noise
elimination or whether there is merely
the need to render conversation frag-
ments incomprehensible. For settings
with only temporary stay rates (restau-
rants, department stores), for instance,
higher noise levels are accepted than
would be the case in bedrooms or meet-
ing rooms. For sectioned rental areas,
be it for residential or office applica-
tions, a high degree of insulation is re-
quired. Within the flat or the entire rent-
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Fig. B1.39 Classification of indoor noise levels,
dependent on activity and utilization

al area, there are highly differing qual-
ity levels for sound insulation, which
depend to a large extent on their area
of application (Figure B1.40).

A high level of acoustic comfort is
obtained when noise interference for
the individual utilization sector is min-
imized while speech comprehension
levels are increased. Demands placed
on the materials used for this, how-
ever, are of differing natures. For mate-
rials like glass, metal and visible con-
crete, it is becoming increasingly more
essential to reduce echo inside rooms
through acoustically effective facing
framework, like suspended ceilings.
This allows for pleasant acoustic indoor
conditions but it renders ineffective to
a large extent the concrete steel ceil-
ing for thermal storage. Individual opti-
misation shows clear disadvantages
in this for achieving the overall target
of a comfortable and energy-efficient
building.

Echo time, also called reverberation
time, is a measuring value that provides
readings for the type of sound inside a
room. It is significantly influenced by
the sound absorbing or reflecting char-
acteristics of room surface areas and

Speech audible,
comprehensible to a

limited Amount Cubicle Office — Normal
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Fig. B1.40 Sound insulation classification
for dividing walls in office areas according
to utilization

by room volume. Aside from equability
of sound distribution, it is the most in-
fluential measuring value for evaluating
the acoustic merits of a room. For sec-
tors with a high demand for communi-
cation, a minimum reverberation time
is required in order to allow for concen-
trated work. On the other hand, when
enjoying music, a longer reverberation
time is actually of advantage (Figures
B1.37 and B1.38). Calculations for small
to medium sized rooms usually span

a frequency range of 125 to 400 Hz for
the respective medium third frequen-
cies.

Complementary to reverberation
time calculation it is essential, for com-
plex room geometry or high acoustic
demand, also to calculate detailed
measuring values for indoor acoustics.
These are, as a rule:

e Speech Transmission Index (STI)

« Articulation Loss of Consonants (ALC)
» Equability of noise levels in commu-
nal rooms

STl and ALC are measuring values that
determine the degree of speech com-
prehension but also the acoustic com-
pleteness of musical performances
(Figure B1.41). In order to achieve the

Lecture Theatre Music Hall
L ]
®
&
@

@ Comfortable
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@ Acceptable

Fig. B1.41 Measuring values for speech
comprehension for different utilization

same comfort level for all the people in-
side a concert hall or auditorium, sound
level distribution needs to be as even
as possible. This can be achieved pri-
marily through the correct choice of
room shape and the material character-
istics of inner surfaces. With the assis-
tance of modern simulation techniques,
tracing sound ray path and thus calcu-
lating sound distribution, these criteria
can already be evaluated in the early
design stages. In this, it is important
that - during the design phase - there
is a simultaneous optimisation of in-
door acoustics and thermal and visual
comfort, in order to achieve overall utili-
zation optimisation.



Air Quality

Air is vital to life for human beings. Air
quality not only determines our level

of well being while at home, at school
or at work, in hospital or during rec-
reational activities. It also affects our
health. Hence, assuring optimal air
quality is an important consideration in
building design. Requirements will gen-
erally depend on utilization and dura-
tion of stay. For very airtight buildings
like green buildings or passive houses,
on account of lower requirements for
heating and cooling, there must be very
careful design that cannot fall back on
»experience shows« kind of values.

Sustainable Design

The required air exchange rate is no
longer merely dependent on density of
occupancy but also on outdoor air qual-
ity, the kind of ventilation system used
and the type of emitting materials used
in the building.

»Bad Air Quality« is often given as a
reason by people suffering from a wide
array of ailments and complaints, such
as eye-nose-airway or occasionally also
skin irritations, headaches, tiredness,
general feelings of being unwell, verti-
go and concentration problems. Among
experts, these types of complaints are
referred to as Sick-Building-Syndrome.

The causes, however, are manifold
and can be found either in psychologi-
cal factors (stress, work overload) or
in physically measurable values. Aside
from lack of hygiene for ventilation sys-
tems, or insufficient ventilation in gen-
eral, there are other factors responsible
also: high emission levels of health-
damaging and stench-intensive materi-
als from the components, uncomfort-
able indoor climate (temperature too
high, humidity level either too low or
too high, bothersome and constant
noise interference, glare from monitors
at work).

Pollutants outside the Rooms

Outdoor air in the vicinity of the building
can have a negative effect on indoor
air quality, by means of pollutant influx
from traffic, heaters, industrial and
corporate operations. The most signifi-
cant pollutants are:

« Suspended matter like dust or par-
ticulate matter/fine dust (PM10, diesel
soot)

« Gaseous pollutants (carbon monox-
ide CO, carbon dioxide CO,, sulphur
dioxide SO, (E-220), nitrogen oxide Nox
and other volatile organic compounds
(V0OQ), e.g. solvents and benzene) and
also

» Mould fungi and pollen.

Outdoor air ozone content, as a rule,

is not relevant for interior rooms since
ozone is a very reactive substance

and therefore, its concentration levels
drop rapidly once in the room. Natural



Concentration Levels

Co, co NO,
Location Description ppm mg/m®  pg/m?®
Rural Areas, no significant 350 <1 51035
Sources of Emission
Small towns 375 1t03 15t0 40
Polluted Downtown Areas 400 2t06 30 to 80

S0, Overal-PM  PMy,
pg/m?® mg/m? pg/m?
<5 <01 <20
5to 15 0.1t00.3 10 to 30
10 to 50 0.2t0 1.0 20to 50

Tab. B1.3 Examples for mean annual concentration levels of outdoor air pollution

or mechanical ventilation decisions,
therefore, are primarily based on build-
ing location and the prevailing levels

of air pollution. Depending on outdoor
air quality levels, all the possibilities
and limits of air supply in respect to
natural ventilation via the windows, fil-
tering and cleaning of outdoor air, must
be taken into account during the plan-
ning phase (Table B1.3).

Indoor Air Quality

The required amount of air exchange
primarily depends on the number of
people in the room, what kind of acti-
vities they engage in (e.g. cooking)
and the kind of emissions present from
materials or appliances. Human emis-
sions, also, place a strain on indoor air
quality, depending on degree of motion
of the persons concerned. Pollution lev-
els can be fairly easily determined by
looking at carbon dioxide concentration
levels in the air (Figure B1.42). CO,
concentration has proven to be an ex-
cellent indicator, provided that no sig-
nificant dust-containing air pollutants
are present. Oxygen transport rates in
the body decrease with rising CO, load
and this leads from headaches and
decline of performance levels all the
way to dizziness.

Emissions from Building Components
and Furniture

Aside from humans, materials can also
contribute to changes in indoor air qual-
ity — by means of their own emissions.

This especially applies to building ma-
terials used for interior extensions.
Building material emissions contribute
to raising pollutant levels for indoor air.
To secure indoor air quality, therefore,
careful choice of ventilation system is
important and thus a concept for air
pollutant avoidance must be designed
prior to deciding on the system to be
used. Materials that have a negative
application effect on air quality should
not even be used in the first place.

In addition to using low-emission
or emission-free extension materials
and furniture, a well-adjusted and
verified cleaning concept needs to be
present also. All too often, building
cleaning companies make their own
decisions as to which cleaning agents

CO, load
in ppm

650

Good Quality 850

Energy-optimised

Medium Quality 1150

1350

Low Quality RS0

Fig. B1.42 Values for indoor CO, concentration

are to be used. In this, air quality and
ecological aspects usually are not taken
into consideration. However, it should
be standard to use biodegradable ma-
terials only (according to OECD recom-
mendations). High solvent and acid
ratios of more than 5% can be avoided
also, provided that the products are
carefully selected. Likewise, for regular
applications, it is possible to complete-
ly do without biocides, phosphates

and visual brighteners in cleaning
agents. Ingredients of cleaning agents
proposed by the cleaning companies
should be tested, prior to initial use,

by a construction biologist. The ab-
sence of health-hazardous components
needs to be determined and precise
dosage instructions defined. This must

Outdoor
Airflow
m¥hm?

Residential Office Conference
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Good quality 18.0
Non-smokers
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Non-smokers

Fig. B1.43 Hygienically required surface-related
outdoor airflow rates for different ulilizations
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be done so as not to endanger a low-
emission environment, on the construc-
tion side, through unnecessary influx of
harmful substances from the outside.
Legal guidelines and stipulations for
indoor emission levels are only few and
far between. Only for those work sta-
tions dealing with hazardous substanc-
es is adherence to maximum allowable
concentration (MAC) levels compul-
sory. This is why a task force consisting
of members of the Interior Air Quality
Commission of the Federal Environ-
mental Agency, and another task force
made up of members of the superior
health authority of two nations, worked
together for defining two standard val-
ues. Standard Value Il (RWII) is the crit-
ical value of concentration levels lead-
ing to health hazards for sensitive per-
sons when they stay inside a room for
extended periods of time. Immediate
action is essential. RW I is the standard
value for concentration levels of those
materials that, provably and accord-
ing to current findings, do not damage
health even during life-long exposure.
This value, in redevelopment, serves
as the target value and readings should
stay below it, if possible (Table B1.4).
Since there are a number of organic
compounds present in indoor air, and
since people also tend to complain of
adverse health effects when critical
values for the individual compounds
have not been exceeded, there are fur-
ther some guidelines for concentration
levels of volatile organic compounds
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(VOQ). In indoor settings with a VOC
concentration between 10 and 25 mg/m3,
duration of stay should be brief. For
longer-term stays, concentration levels
should lie between 1 and 3 mg/m3 and
ought to not be exceeded. Target values
for good air quality readings lie below a
VOC concentration of 0.3 mg/m3.

Hygienic Requirement for Air Exchange
In order to keep pollutant load in a
room to a minimum, the room needs

to be supplied with outside air that is
as clean as possible. This can happen
through natural ventilation, via the
windows, or mechanical means like
ventilation systems. If pollution is mea-
sured solely on CO, concentration lev-
els, a person needs at least 20 m3

of outdoor air for adherence to the hy-
gienically acceptable critical value of
1500 ppm for CO, concentration levels
in the room. If harmful substance emis-

(Maximum Value) (Target Value)
Compound RW Il (mg/md) 1) RW I (mg/m?) 2)
Toluol 3 0.3
Nitrogen Oxide 0.35 (1/2 h) -

0.06 (1 Week)
Carbon Monoxide 60 (1/2 h) 6 (1/2 h)

15 (8 h) 1.5(8h)

Pentachlorphenol 1 ug/m?® 0.1 pg/m?®
Methylene Chlorid 2 (24 h) 0.2
Styrene 0.3 0.03
Mercury 0.35 ug/m?® 0.035 pg/m?®

(metallic Hg-Steam)

1) Immediate action required when exceeded
2) Redevelopment target value

sions from building components are
taken into account also then, with this
level of CO, concentration, the airis
no longer perceived as being fresh and
hygienic. Figure B1.43 lists surface-
related outdoor airflow rates as they
are to be recommended if the following
criteria apply: sufficient ventilation

of the room, low-emission extension
materials, and energy-efficient sensi-
ble consideration.

Tab. B1.4 Reference Values for Pollutant Concentration

Levels for Indoor Air



Electromagnetic Compatibility

Ever since his origins, man has been
subjected to natural electromagnetic
radiation from space: light and heat are
forms of very high frequency electro-
magnetic radiation. Aside from direct
sunlight however, naturally occurring
radiation levels are rather low. How-
ever, through technological advance,
additional radiation sources ensued
and these impact us humans. Figure
B1.44 shows frequently occurring ra-
diation sources, arranged according
to their frequency ranges and their ef-
fect on humans. High-frequency ra-
diation, like UV light and X-rays, has
an ionising effect and has been proven
to harm body cells. Other frequency
ranges have proven heat and irrita-
tion effects on humans: electromag-
netic fields, as they are caused by, for
instance, communication media, can
be absorbed by the human body. This
leads to tissue warming and, depend-
ing on intensity and duration, also

to health damage like high blood pres-
sure. Further, short- and long-term
impact biological effects are as yet
not known. There are occasional ex-
periments and studies, however, which
show that high levels of electromag-
netic radiation in the frequency range
of communication media can certainly
have a negative impact on sleeping
patterns, brain performance capacity,
the immune system and also the ner-
vous and cellular systems. For certain,
with the rapid rise in communication
media presence, electromagnetic load
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10 - 400 MHz 2 W/m?
400 - 2000 MHz 2-10 W/m?
>
é 2000 - 300000 MHz t0 9.8 W/m?
g Mobile Phone C Net 2.3 W/m?
Mobile Phone D Net 4.4 Wim?
Mobile Phone E Net 9 W/m?
Australia/New Zealand 2 W/m?
- % Italy 0.1 W/m?
S £ Poland 0.1 Wim?
T O
2 ©  Czech Republic 0.24 W/m?
oo
£% Russia 0.02 W/m?
ok
£ Salzburg and Salzburg County ~ 0.001 W/m?
(Recommendation)
Switzerland (Prevention Value) 1/10 of ICNIRP

Critical Values

Tab. B1.5 Critical Values for Electromagnetic
Radiation in various Nations

on humans has increased also. Until
current long-range and short-term
studies have been scientifically inter-
preted, both communal rooms and
the buildings themselves should be
designed with preventative aspects
in mind: existing critical values and
recommendations of international ex-
pert panels ought to be adhered to,
and there should also be a detailed
analysis of particularly critical areas
with high radiation load.

Essential decisive factors for human
tissue warming through electromag-
netic radiation are: frequency range,
field intensity, distance to emitter and
length of exposure. Radiation intensity
can be measured with the unit Watt
per square meter (W/m?) whereby out-
put decreases about squarely with dis-
tance. This means that an emitter with
higher capacity (cell phone antennae)
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may be less harmful at larger distance
than a small emitter in direct body
vicinity (cell phone). Radiation load
from a cell phone at the earis 100
times more than at 1 meter distance
from the body. International guidelines
for mobile telephony critical values
have been incorporated in the German
Electric Smog Ordinance (Table B1.5).
International recommendations, how-
ever, when compared to applications
in some other nations, are at times be-
tween 10 and 100 times higher. The
large variability range for critical values
only goes to show how widely spread
the lack of knowledge about the bio-
logical effects of harmful radiation re-
ally is.

For Green Buildings, in the interest of
prevention, there needs to be a con-
cept - right from the start of the project
- for lessening electromagnetic radia-
tion loads. In this, occupant work tools
like telephone systems and cell phones
ought to be taken into account also.
Radiation emission characteristics of
a mobile end device are being defined
through the Specific Absorption Rate
(SAR), the unit of which is Watt per kg
of body weight. Operation of a device
with a SAR reading of 2W/kg, for in-
stance, and with direct radiation influ-
ence on the human body, leads to an
elevation of body temperature by about
0.5°C. Currently, scientists are work-
ing with research models to investigate
penetration depth and SAR distribution
levels inside the human body for dif-

ferent age groups. State-of-the-art cell
phones are required to remain below a
cap SAR value of 2W/kg. However, for
prevention agreements, the critical val-
ue proposed by the BMU, of 0.6W/kg,
can safely be recommended.



Individualized Indoor Climate Control

Humans are individuals who, depending
on character, sex, mental and physi-
cal condition, have different needs and
wants. Buildings serve humans, on
one hand as a protective shell against
harmful outside weather influence,
on the other as a platform to use for
running their lives. For Green Buildings,
there has to be the right balance be-
tween control of the occupant for in-
door climate and automatic regulation.
Occupants are supposed to feel com-
fortable but the required comfort level
can fluctuate individually with better
energy efficiency application.

One option for indoor temperature
control ought to be present already

through heating and cooling, or both -
dependent on climate zone. Tempera-
ture control is dependent on outside
temperature also because it is signifi-
cant how often it needs to be imple-
mented. This is also a decisive factor
for overall economical considerations
as they apply to the building.

For Green Buildings, operative in-
door temperature will be similar to air
temperature, on account of the large
amount of winter and summer heat in-
sulation. Further, the difference be-
tween day maximum and night maxi-
mum indoor temperatures, as a rule,
will be no more than 6K - whether it is
in winter or summer. Therefore, it suf-

fices completely to arrange zone tem-
perature control for 2 to 3°Cin order to
meet individual requirements.

In climate zones with mean annual
outdoor temperatures between 0 and
20°C, with simultaneous moderate out-
door humidity levels, window ventila-
tion serves to save electricity, usually
required for mechanical ventilation and
cooling generation, and to raise ther-
mal comfort levels. Further, there are
psychological factors for availing a win-
dow to the occupant. Behind closed fa-
cades, people tend to feel locked in and
restricted in their free actions. A con-
nection to the outside is established
not merely through transparency but



through the actual action of opening

a window, and then hearing the sounds
outside and the feeling the outside

air on the skin. Survey among tenants
have shown that windows that can be
opened are among the most signifi-
cant criteria when it comes to making
a decision on renting a building or parts
thereof. This even applies for the King
Fahad National Library Project in Riad,
Saudi-Arabia. The occupant placed im-
mense emphasis on windows that can
be opened, even though outdoor tem-
peratures there only drop below 20°C
from December to January during the
day.

Transparency, then, and establish-
ing a connection to the outside are both
important characteristics for building
where the occupants feel comfortable.
Daylight, also, has a very positive ef-
fect on human well-being. An individu-
ally controllable anti-glare device is
then inevitable, depending on utiliza-
tion. The solar protection device ought
to be individually controllable when-
ever the room becomes very shaded
and thus connection to the outside is

restricted. However, an additional auto-

matic control is also essential in order
to operate the building in an energy-
efficient manner, independent of occu-
pant behaviour.

Lighting should be individually con-
trollable, similar to temperature regula-
tion, owing to different human require-

ments. It needs to be ascertained, how-

ever, that artificial lighting automati-
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cally goes off when sufficient daylight
illumination is present. This is done in
order to operate on an energy-efficient
level. It needs to be kept in mind that
the addition of artificial light, in that
case, does not contribute significantly
to the elevation of illuminance.

Variable indoor noise levels can still
be created nowadays through opening
and closing of windows. Further, there
are concepts that elevate overall qual-
ity of indoor noise levels and thus serve
to counteract sound propagation even
in large rooms. Unfortunately, this is
no solution for an individually control-
lable interior noise level and the result-
ing speech comprehension. For office
buildings, the future path would lead
toward controllable high-tech absorbers
in order to fully exploit the advantages
of open space areas while at the same
time matching them to individual de-
mand. There are already absorbers for
multi-purpose halls that function either
as sound reflecting or sound absorb-
ing, depending on rotational angle, and
therefore can adapt to conditions at
hand.

Indoor Air Quality (IAQ) ought to be
able to be influenced through opening
the windows, depending on outdoor
temperature and outdoor climate. Only
when low-emission extension materials
are used and the design has provided
for a good level of airflow, can mechani-
cal ventilation rates be reduced to a
minimum. Even so, intermittent airing
for special situations is important. Ef-

fective window ventilation depends on
window size and type. Whether window
ventilation suffices for air exchange
should be evaluated also in case of
complex fagades, since in most cases it
constitutes an important component of
the overall concept.

Occupant/User Acceptance

Most buildings serve humans for pur-
poses of working, living, relaxing and
recovery. The average person living

in an industrial nation spends about
85% of lifetime indoors. Buildings,
thus, can be considered as a kind of
third skin for humans. They can and
may be designed differently accord-
ing to mentality and origin of the us-
ers, yet they should have something in
common: adherence to indoor comfort
levels within a certain tolerance range
and the use of non health-hazardous
material. The tolerance range is deter-
mined primarily by ethnic and national-
geographic differences. Higher summer
indoor temperatures are being accept-
ed betterin Northern nations than in
nations with a warm climate year round,
since maximum indoor temperatures
occur there simultaneously with the few
hot days of the year. On the reverse,
this also applies for minimum tempera-
tures: in Northern Europe, tempera-
tures of 20°C are frequently perceived
as being too cool in winter while, in
Southern nations, indoor temperatures
of 18°C - on account of their rare occur-
rence - are accepted by a large part of



the population. These examples show
that any type of comfort, as defined

by the planner, can only be regarded as
a probable comfort that is acceptable
to the majority. There will always be
exceptions, based on individual prefer-
ences and ethnic considerations.

In Europe, needs placed on indoor
comfort levels keep rising and so does
energy requirement. This applies espe-
cially when the buildings are equipped
with high quality climate control sys-
tems. Surveys show that buildings that
have been optimised from a construc-
tional point of view, and are equipped
with less technology, are generally well
accepted by their occupants if indoor
temperatures do not stray too far from
optimum levels. Often, such types
of buildings are very economical. Pur-
posely, adherence to optimal indoor
conditions is foregone for between 3
to 5% of occupancy time but without
disregarding comfort consideration.

At the same time, these kinds of build-
ings allow for better incorporation of
regenerative energy resources, which
means that energy costs are signifi-
cantly lower than in buildings that are
equipped to a sophisticated level. Via
modern simulation techniques, win-
ter and summer indoor conditions can
be very accurately predicted in their
absoluteness and frequency of occur-
rence. This means that, nowadays, over-
all economical solutions can already be
defined during the early design stages,
so long as a certain tolerance level pre-

Manual for the operation of

- Window ventilation —_— Energy conscious

- Marginal Strip Activation

- Ventilation —_— Cost-effective

- Solar Protection

- Cooling and/or Heating Ceiling i Supportive to comfort

Especially energy-saving
operation by YOU

Ventilation

In order to assure constant multizone
air supply, the ventilation unit is perma-
nently in operation here. Through the air
passages, fresh outdoor air flows into
the multi-zone nd waste air is suctioned.

Atrium Ventilation

Control of roof and fagade flaps is automatic
and adapted to climate conditions. Through the
flaps, there is fresh air inflow into the atrium.
Doors leading to offices and into the cafeteria
ought to always remain closed.

Roof and fagade flaps can also be operated
manually via the control board

Supportive mechanical ventilation for offices

Al offices are connected to a central ventilation
system. In the interim period, with outdoor
temperature ranges of between 5 and 20°C,
ventilation in offices that are located in fagade
vicinity is turned off. During that period, ventilati-
on is via the windows.

Window Ventilation

Each office is equipped with rotating windows
and hopper windows that can be opened.
During the interim period, windows ought to
regularly be opened for ventilation purposes
(min. for 10 minutes every 2 hours). During
winter and summer, the ventilation system is
responsible.

Solar Protection

Solar protection (outside shutter) is controlled
automatically. It can, however, also be adjusted
manually via a switch located beneath the
window.

From April through October, solar protection
automatically drops down during periods of direct
solar radiation

From November through March, solar protection
does not drop down automatically once outdoor
temperature falls below 15°C. This allows for
heat loss avoidance inside the building

In winter, during daytime, the solar protection

device should only be brought down if there is

a glare sensation because, during those months,

E every single sunray can be used to conserve
energy otherwise expended for heating.

Thermal Comfort

Heating and Cooling Ceiling

Meeting rooms or being heated and/or cooled
via a heating and/or cooling ceiling. Settings

for heating and cooling can be regulated via a
control located in the respective rooms. When

“ leaving the meeting rooms, the regulators should
be set to 0 and windows ought to be closed.

Marginal Strip Activation (MSA)

Offices always have a temperate ceiling
and a temperate floor as well as marginal
strip activation for individual control

With a specially installed switch, marginal strip
activation can be individually set. Cooling should
only be activated when window ventilation fails

to provide sufficient cooling. When MSA is active,
there should only be interim ventilation of about
5 to 10 minutes every 2 hours. MSA should be off
when there is no occupancy for more than three
hours and the regulator ought to be set to 0.

Fig. B1.45 Occupants’ brochure for the D&S Advanced Building

Technologies building in Stuttgart

vails for indoor temperature frequency
of occurrence. Our experience shows
that the following requirements need to
be met, however:

e The rooms have the aforementioned
control options and window ventilation
e Slightly higher indoor temperatures
only occurin case of very high outdoor
temperatures

e Clothing can be adapted to climatic
conditions. This means, for instance,
that it is possible for the occupants to

wear summer clothing with short-sleev-
ed shirts.

If these prerequisites are met, then,
additionally, a maximum 28°C indoor
temperature needs to be adhered to,
at all times, for occupied rooms. Oth-
erwise, performance capacity tends to
drop too low. Within this framework,

it is quite possible to achieve a higher
degree of occupant satisfaction than in
buildings that have consistently lower
indoor temperatures in summer.
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Conscientious Handling
of Resources



Energy Benchmarks as Target Values for Design

Among the essential requirements for
Green Buildings is a conscientious
handling of available resources. While
there is careful handling of the humans
that occupy the building - through cre-
ating a high indoor comfort level and
through using non health-hazardous
materials — care also needs to be taken
that energy and water requirements are
minimised. At first glance, it seems to
be a contradiction to expect elevated
levels of indoor comfort while at the
same time wishing to decrease energy
requirements. However, through the
concept of Green Buildings, this can ac-
tually be achieved.

Man needs targets in order to get
somewhere. Energy Benchmarks can
be used as target values during the
design stage, as long as they are both
realistic and sophisticated at the same
time. The energy benchmark is defined
on the basis of mean climate for a given
location, mean typical utilization and
the expected operation manner of the
technological units. It is most often ex-
pressed as net surface related energy
requirement value. With the imple-
mentation of the new energy saving
ordinance in Germany and Europe, for
the first time, energy passes are allo-
cated to each building. The energy pass
lists energy requirements for individu-
al buildings, allowing even laypersons
to compare them to each other. This
process, of energy-based evaluation of
buildings, is identical to that used by
the automotive industry. There, mean

fuel requirements are listed for speci-
fic referential conditions of route and
driver behaviour. When comparing
buildings to each other, care must be
taken to only consider buildings of the
same utilization sector and then, within
that sector, the same indoor comfort
levels. These two factors should also
be considered when defining target
values, since — if we are to stay with the
automotive industry for a while longer
- a middle-class vehicle with less driv-
ing power and without air conditioning
will require less fuel than a premium
class car.

Requirement Minimisation, Energy Effi-
ciency and Regenerative Energy Supply
Three essential criteria for creating en-
ergy-friendly buildings with a high com-
fort level: 1) minimising building energy
requirements through constructional
measures 2) increasing energy efficien-
cy for technical systems 3) use of regen-
erative energy sources for the genera-
tion of heat, cooling and electricity for
the buildings. Ever since the Freiburg
Zero Energy House was presented in
the nineties (Zero energy, because no
fossil energy like gas or electricity is
provided from the outside), it has be-
come clear that, even in Germany, it is
possible to equip residential buildings
with a high degree of comfort through
efficient use of available environmen-
tal energy resources. Since property

is very often used as an investment, it
makes sense for Green Buildings to be

evaluated over their entire life cycle.
Minimising building energy require-
ments means, in essence, to adapt to
utilization and climate both the build-
ing shape and the building envelope.
Energy requirement, here, is deter-
mined by orientation and shape, by the
quality of building materials and also
by the amount and type of transparent
building components and shading sys-
tems used. Energy efficiency not only
encompasses the need to optimise ev-
ery single system or installation inside
the building but also the need to shape
the overall system so the building be-
comes one efficient unit.

Standard Building

Green Building

Energy
Efficient:
Class A

Poor
efficiency:

WY

Fig. B2.1 Classification of non-residential
buildings according to the energy pass
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Fossils and Regenerative Energy Resources

Coal, oil and gas are our most important
raw materials — they are the so-called
primary energy sources. The turbulen-
ces experienced by the energy market
over the last few years have shown that,
even for economical reasons, a certain
independence from traditional energy
sources needs to be achieved for today’s
new buildings and redevelopment pro-
jects.

Regenerative, or renewable, energy
sources are divided up into two sectors:
natural energy sources and regenerative
raw materials. Natural energy sources
can be found anywhere and they differ
in their performance capacity and avail-
able amounts, according to the region
where they occur: sun, wind, earth heat,
water, and outdoor air. Regenerative raw
materials, on the other hand, are from
fauna and flora (biomass) and, during
growth, draw the same amount of green-
house-endangering carbon dioxide out
of the atmosphere as they later emit
during incineration and energy genera-
tion. The atmosphere is not loaded with
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Fig. B2.2 Power Density of various Energy sources

Geothermal Energy

further carbon dioxide during this form
of energy generation and, therefore, no
increase of greenhouse effect results.
Only that energy which is used for man-
ufacture and transport of the materi-
als to the incineration facility is not yet
considered to be regenerative primary
energy. Renewable resources are most
often locally available materials like
wood (pellets, wood shavings), ener-
getic plants (grains and feed plants)
and biogas. This means that energy-
intensive transportation routes are kept
to @ minimum and dependency on im-
ported raw materials, like oil or gas,
decreases.

The advantages of renewable energy
resources are almost no environmental
stress and low energy costs. However,
there are disadvantages also: small
or fluctuating output levels mean that
large areas are required for energy gen-
eration and storage and this leads to
higher initial investment costs. Figures
B2.2 to B2.4 show output density, ener-
gy yield and heating values for different
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Fig. B2.3 Energy Yield of various Energy sources
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energy sources. Only very few renew-
able energy sources can match output
levels of the fossil ones. In order still to
be able to use renewable energy sourc-
es in an efficient and economical man-
ner, the following needs to be adhered
to:

¢ Energy requirements must be mini-
mised

e Operating temperatures for heating
and cooling must not differ too greatly
from indoor temperatures in order to
incorporate natural energy resources
more efficiently. This means flow tem-
peratures of 16 to 35°C for heating and
cooling.

e The ratio of overall property size to
building volume must be balanced in
order to ascertain efficient use of both
solar power and earth geothermal heat.
A skyscraper, for instance, does not of-
fer good conditions for natural ventila-
tion, geothermal usage or solar energy
usage through photovoltaic panels on
the roof.
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Today’s Energy Benchmark -
Primary Energy Demand for Indoor Climate Conditioning

When evaluating buildings and the sys-
tems used therein from an energy point
of view, energy flow rates are taken in-
to account for heating, cooling, illumi-
nation and heating of drinking water.
Herein, we distinguish between energy
requirement and energy demand. Ener-
gy requirement is the amount of energy
needed in order to meet requirements
forindoor temperature, indoor humid-
ity, illuminance etc. Energy demand

is the amount of energy the systems
present must use in order to meet en-
ergy requirements. The type of energy
demand required for benefits delivery,
distribution and energy generation is
known as energy demand for genera-
tion or final energy demand. Energy
demand defines the amount of energy
that is used from energy supply com-
panies (oil, gas, wood, electricity etc.)
Related to final energy demand, we
also have primary energy demand, the
so-called pre-chain for primary energy
sources used: exploration, extraction,
harvesting, transport and conversion —
basically, the entire path to the gener-
ating system inside the building. Each
primary energy source is allocated a
so-called primary energy factor that
tracks all energy-relevant demand from
initial harvesting to the building lim-
its. It is different for each nation since,
forinstance, efforts for gas transport
in Russia are much less than, let’s say,
Germany where all gas needs to be im-
ported. Further, the primary energy fac-
tor takes into account those emissions

that are primarily responsible for the
greenhouse effect. A non-renewable
energy source like gas, for instance, re-
ceives a less favourable rating than,
let’s say, renewable resources like en-
ergy plants or wood. However, here in
Germany, wood requires the applica-
tion of differential energy factors since
we distinguish between wood that is
delivered, for instance, as relatively un-
treated wood shavings or as pressed
pellets.

The primary energy factor for elec-
tricity is also dependent on the type
of energy generation in each nation.

In France, for instance, nuclear power
plants dominate the scene whereas

in Sweden, for instance, it is hydro-
power stations. Therefore, primary en-
ergy factor is lower for these nations
since CO, emission for this type of en-
ergy generation is fairly low.

In Germany, there are pure power
plants for energy generation where
30 to 35% of electricity is generated
from primary energy sources like coal,
oil or gas. Since an ever-increasing
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Fig. B2.5 Comparison: Primary Energy Demand
for temperature control units for different locations
across Europe

number of large power plants are being
changed over to trigeneration, the pri-
mary energy factor in Germany for elec-
tricity can be expected to decrease. In
order to achieve a unified evaluation
system for buildings in Europe, the
same primary energy factors are used
throughout: for heat 1.1 and for elec-
tricity 2.7.

Primary energy demand consists
of the individual demand for heating,
heated drinking water, cooling, ventila-
tion and illumination. The target value
for primary energy demand of Green
Buildings in Central Europe is 65 kWh/
m? for residential buildings and 100
kWh/m? for office buildings. On ac-
count of their higher occupancy density
and utilization time, hotels and depart-
ment stores have higher target values,
of up to 180kWh/m?2. All of these values
are approximately half of what is legally
required for not fully temperature-con-
trolled new buildings in Central Europe.
Inside other climatic regions in Europe,
fluctuations from these values can be
up to 30% (see also: Figure B2.5).

Electricity (End-Energy)

Fig. B2.6 Energy Supply Chain for calculating
Primary Energy Factor
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Fig. B2.7 Parameters for Heating Energy Demand in Central Europe,

for different utilizations

Until the Nineties of last century, heat-
ing energy demand was the decisive
factor for building energy in Northern
and Central Europe, whether in residen-
tial or non-residential buildings. With
the respective heat insulation ordi-
nances for new buildings and redevel-
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Fig. B2.8 Comparison readings for Heating Energy
Demand at different locations in Europe

Energy Demand in kWh/m?2a

opment projects, requirements could
be decreased significantly through el-
evated levels of heat insulation, higher
building density and better heat recov-
ery through ventilation systems (see
Figure B2.8). Today’s low energy build-
ings only present with about 20 to 30%
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Fig. B2.9 History of Heating Energy Demand
for offices in Germany

of heating energy requirements when
compared to existing buildings from
the 70ties (Figure B2.9).

Aside from the original function of
the heat-insulated envelope, which
is to reduce heat emission to the out-
side, an elevated insulation level also
leads to increased thermal comfort.
Through low inlet heat movement in
winter, and in summer the reverse,
indoor surface area temperatures and
indoor air temperatures draw increas-
ingly closer together. This results in
a comfortable, homogenous distribu-
tion of indoor temperature. With the
original, passive house idea, the ap-
proach was taken so far as to comple-
tely forego the use of heaters and, in-
stead, to apply mechanical ventilation
systems to supply the rooms with the
required amount of residual heat. This
means that there is no heat radiation,
although heat radiation is being per-
ceived as very comfortable. A combi-
nation of optimum heat insulation, as
can be found in a passive house, com-
plemented by heat-radiation emitting
components, and all of this with over-
all comparable energy efficiency to a
passive house: and you would have an
ideal solution!

For regions with a lastingly cold and
dry climate, it is essential to humidify
outside air so that it meets health crite-
ria. During the humidification process,
the air cools down, making night heat-
ing necessary. For prevailing climatic
conditions in Central Europe, however,



a general humidification of inlet outdoor
air is not required. Nonetheless, from a
minimum indoor humidity level of 35%,
active humidification is to be recom-
mended. Heat energy demand for air
humidification, with Northern and Cen-
tral European climatic conditions, con-
stitutes some 10 to 30% of overall heat
demand. On account of the high energy
demand for humidification, currently
new materials are being tested that
would adjust indoor humidity levels on
a natural basis.

Figure B2.7 shows the heating ener-
gy demand coefficient for different
utilizations. For energy-efficient build-
ings located in Central Europe, it is as-
sumed that at least a part of heat gen-
eration can be achieved through the
use of renewable energy sources. If in-
door temperature rises by 1 Kelvin, then
heating energy requirement rises, de-
pendent on heat insulation and venti-
lation systems, by anything from 5 to
15%. For the different climate zones in
Central Europe, there are differences of
plus or minus 10%. Southern Europe,
forinstance, especially when good in-
sulation protection is available, only
shows low heating energy requirement,
which is for air-conditioning. In con-
trast, heating energy requirement in
Northern Europe is about 50% higher
than in Middle Europe.

Energy Demand for Water Heating

The greatest proportion of heat energy
in existing residential and non-residen-
tial buildings is being used for indoor
heating. While heating energy require-
ment declines in new buildings and
redevelopment projects on account of
improved construction-related heat
insulation and energy-efficient system
technology, energy requirement for the
heating of drinking water remains unaf-
fected. For a building insulated accord-
ing to current standard, energy demand
for heating of drinking water is only
about 20% of total heating energy de-
mand. In this, circulation loss accounts
for a high proportion of about 30 to
40%. In office buildings, requirement
for heated drinking water is comparably
low, so that the proportion is much less
at only 5% (Figure B2.10).

For residential or hotel buildings with
highly insulated building envelopes, en-
ergy demand for heated drinking water
can be the dominating factor. For such
utilizations, energy demand ought not
be neglected, especially since the re-

250

quired temperature level of 60°C is of-
ten significantly higher than operating
temperatures for the heating system,
on account of the required legionella
safeguard (for instance: floor heating at
35 to 40°C). Measurements to decrease
demand are, hence, to be recommend-
ed for implementation. For office build-
ings, many of the essential sections can
do completely without heated drinking
water as a general rule. For residential
and hotel buildings, there are various
options on offer, such as solar-thermal
systems, water-saving fittings, waste
heat use from cooling processes and
water circulation with time and temper-
ature control.
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Fig. B2.10 Requirements for Heating of Drinking Water

per utilization sector
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Cooling Energy Demand

Over the past 10 to 20 years, cooling
energy demand in Germany, and in Eu-
rope as a whole, has risen. There are
primarily four reasons responsible for
this development. Firstly, technical
equipment, especially in office and
administration buildings, tends to give
off heat through the connected EDP
devices and that heat needs to then

be dissipated with the assistance of
active or passive cooling measures.
Secondly, there have been great im-
provements in glazing regarding heat
protection and daylight influx, some-
thing which grants the architect great-
er scope for using glass in his design.
There is, therefore, a trend toward
glass architecture, which comes with
numerous advantages regarding trans-
parency and daylight utilization but at
the same time, unfortunately, due to
higher heat gain from solar radiation,
also comes with a greater cooling load
requirement. Thirdly, then, we have al-
ready advanced as a whole toward the
construction of buildings that are much
betterinsulated and increasingly more
airtight. The building envelope, there-
fore, behaves like a thermos flask: in-
side, it stays warm, regardless of out-
door temperatures. For buildings locat-
ed in Germany and Central Europe, this
means that natural cooling processes
during summer may be hampered but,
in return, there is less energy demand
for heating in winter. Fourth but not
least, our expectations regarding ther-
mal comfort have risen considerably. It
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Fig. B2.11 Cooling Energy Demand coefficient for different
utilizations, Central Europe

is very difficult when, coming out of

an air-conditioned car, train or airplane,
one is then expected to enter a build-
ing for shopping, work or relaxation and
stay there for a longer period of time

if this building is not air-conditioned.
Finally, we have now come to recognize
that performance output increases
when comfortable climatic conditions
prevail indoors.

flask is also capable of keeping fluids
cool, over long periods of time, during
hot summer days. If we apply this con-
cept to our buildings, then it means
that a highly insulated building enve-
lope causes heat to remain outdoors
during hot summer periods, so long as
we keep the windows closed. For Cen-
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these are outweighed by the advantag-
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Fig. B2.12 Comparative study of Cooling Energy
Demand for different locations in Europe



tral Europe, cooling requirements can
easily be met via natural energy re-
sources so that there does not need to
be any significant primary energy de-
mand.

Figure B2.11 shows cooling energy
demand coefficients for different utili-
zations. For the living area, we do not
presume significant cooling energy
requirement since, for one, through ac-
tive night cooling, building mass can be
activated. Further, if indoor tempera-
tures are higher for only a brief amount
of time, this can easily be tolerated.

For non-residential buildings, it is un-
fortunately often not even possible to
undertake manual night ventilation
merely through opening the windows
on account of the climate and security
protection device that is no longer pres-
ent. For Central Europe, we assume for
energy-efficient buildings that cooling
energy requirement can be reduced to
a minimum through accessing natural
energy sources. If room temperature
drops by 1°C, then cooling energy re-
quirement rises by ca. 10%. Within

the different Central European climate
zones, there are differences ranging be-
tween plus-minus 15%. While Northern
Europe, so long as good solar protec-
tion devices are available, only shows
significant cooling energy requirement
when there are huge inside heat sourc-
es, cooling energy requirement for
Southern Europe is about thrice as high
as for Central Europe when there is a
mean temperature of above 15°C.
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Electricity Demand for Air Transport
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Fig. B2.13 Electricity Demand coefficients for air transport

for different utilizations

Air Quality inside buildings is secured
via ventilation. The simplest means of
ventilation is through opening a window.
Natural forces, such as wind, pressure
and temperature differences, cause
different volume air streams dependent
on window size. Natural ventilation al-
ways takes precedence, as long as out-
door air temperature and quality, as
well as outdoor noise level and utiliza-
tion, allow for it. Otherwise, mechan-
ical ventilation needs to be used that

is capable of filtering and conditioning
the outside air when it hits the build-
ing (air-conditioning). Further, suitable
systems should then be used for heat
recovery from the return air. This re-
sults in a decrease of both heating and

cooling energy requirements.

In order to allow for the desired
amounts of air to enter the roomin a
conditioned manner, electric power
is needed for the air transport. The
amount is dependent on:

e Outside air exchange rate

e Utilization, and the related air condi-
tioning settings of the AHU

¢ Size and length of duct system (high
air velocities cause greater pressure
loss)

¢ Qutdoor climate (partial turn-off

in favour of natural ventilation)

¢ Type of ventilation system used (cen-
tral, semi-centralized or de-centralized
ventilation)

The exclusive use of air for heating and



cooling purposes constitutes some
decisive disadvantages in comparison
to water-based systems since water,
with equal transport energy, can trans-
port a much larger heat volume. For this
reason, energy-efficient buildings gen-
erally restrict air transport exclusively
to the amount of outside air required for
hygiene reasons, which depends on air
quality, occupant density and building
materials emissions.

If local outside noise conditions al-
low, in Central Europe, for the great-
est time of the year, there is no need for
mechanical ventilation for rooms with
normal occupancy rates without a neg-
ative influence on thermal indoor com-
fort. A large proportion of electricity
can thus be saved, provided that both
building structure and building volume
allow for sufficient ventilation control,
as needs to be the case also for ven-
tilation arrangement. Since window
ventilation is quite simple, it ought to
become a given for Green Buildings in
Europe.

Figure B2.13 shows electricity de-
mand coefficients for air transport for
different utilizations.
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Fig. B2.14 Parameters for daylight
autonomy (DA) for a typical office
in Central Europe

Electricity demand for artificial light-
ing is dependent on the artificial light-

ing concept and on daylight conditions.

When calculating expected artificial
lighting requirement, the following
needs to be taken into account: shad-

ing of the room through adjacent build-

ings, control design for the solar pro-
tective device and daylight conditions
inside the room.

[llumination in flats is occupant-
dependent and, these days, only play
a minor role for overall electricity con-
sumption. In office settings, however,
artificial lighting constitutes a signifi-
cant part of primary energy demand.
If two significant criteria are kept in
mind, then it is possible to achieve ar-

Fig. B2.15 Parameters for Electricity Demand for artificial
lighting in Central Europe for different utilizations

tificial illumination for office buildings
with minimal electricity demand. The
first of these criteria: short operation
times for artificial lighting result in less
electricity demand. Daylight autonomy
stands for that proportion of opera-
tion time during which the room can
be illuminated exclusively by daylight.
Depending on illumination degree, the
time under consideration and climatic
conditions, different readings are ob-
tained. Very small electricity demand
results for office buildings in Central
Europe when artificial lighting is not
required for at least 60% of operation
times (Monday through Friday, 8 am

to 6 pm, nominal lighting strength of
5001x). Favourable readings for elec-



tricity demand are obtained when the
daylight and sunlight factors outlined
in Figure B1.35 (see chapter B1) can be
achieved at the »very good« level.

The second of the essential criteria
for a more efficient approach to artifi-
cial lighting operation is a low electric-
ity connected load for the lighting. This
can be achieved through the utiliza-
tion of highly effective illuminants and
when a direct-indirect lighting concept
applies. If these two criteria are being
met, it is possible to achieve low elec-

tricity demand readings for office light-

ing. Further reduction can be achieved
with a demand-oriented controls sys-
tem: artificial lighting is not handled
manually in a layered manner but,
rather, artificial lighting is automati-
cally dimmed to the required illumina-
tion level via regulating devices and

then lowered orincreased via presence-

sensing devices. Figure B2.15 shows
guide values for electricity demand for
artificial lighting in office buildings.
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for artificial lighting for different locations in
Europe
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Future Energy Benchmark - Primary Energy
Demand over the Life Cycle of a Building

For new buildings and redevelopment
projects, primary energy demand for
any systems used for conditioning a
room must, depending on utilization,

stay below certain critical values. Imple-

mentation of these Europe-wide re-
quirements was a big step in the right
direction, for once, but it does not suf-
fice. Energy-based evaluation of ener-
gy-efficient and sustainable buildings
must take into account all energy flows
including, for instance, energy demand

for the manufacture, renewal and main-

tenance of building materials as well
as electricity demand for furnishings
supplied by the occupant. Only if there
are additional stipulations, for restrict-
ing total energy flow, can all who are
part of the construction process be
forced into treading new paths and
therefore having to provide innova-
tive solutions. Today’s business plans
for big companies frequently include
life cycle costs as a management in-
strument. Shortsighted action can be

Building Life Cycle over 80 years

Furnishings
by occupants

Buildings with systems
for room conditioning

Consumption Renewal Recycling
during operation during operation

Manufacture

Fig. B2.17 Spread of primary energy demand
over the life cycle of a building. In future,
Europe will only regulate energy demand for
systems needed for room conditioning

avoided if all expected expenses are
being considered from the start. The
same should apply for primary energy
demand in the building industry. Here,
too, the entire life cycle needs to be
looked at. What good is it to have the
best insulation materials if, for their
manufacture, we need many times over
the energy that they eventually save?
Energy sector developments over re-
cent years have shown that energy-ef-
ficient products can also be supplied
within an economical frame. All that

is needed is for the market to demand
them.
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Fig. B2.18 Approximate parameters for Primary
Energy Demand over the life cycle of a building
in Central Europe for different utilizations
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Cumulative Primary Energy Demand

of Building Materials

Building materials, from the time they
are supplied all the way through their
operation, have an influence on total
energy demand of a building. During
operation, the building materials emit
substances, something that, for instan-
ce, can lead to increased ventilation

demand. Further, they need to be clean-

ed on a regular basis and also require
service-maintenance and overhaul
measures, which also place strain on
energy demand. At the stage of manu-
facture and transport of building ma-
terials, already, energy is expended,
meaning that the energy demand of a
building can be significantly influenced
by its construction and the types of
materials used. Once the building has
arrived at the end of its life cycle, there
are further expenditures for demolition
and disposal. How high these values
will be in the end is determined largely
by the recycling ability of the materials

originally used. Considered over the en-

tire life cycle of a building, we speak of
the primary energy demand of building
materials (Figure B2.17).

As arule, the proportion taken up
by cumulative energy demand is less
than 10% for contemporary standard
buildings and, therefore, does not con-
stitute the highest priority for energy
conservation. It is obvious, however,
that for those buildings where primary
energy demand actually decreases
on an annual basis, the proportion of
energy amount set aside for building
materials will subsequently rise. This,

in turn, means that it will become an
increasingly important factor in evalu-
ating total energy demand in future.
Figure B2.19 shows the spread of total
primary energy consumption for an of-
fice building. On account of low-energy
construction and the use of earth heat,
the proportion of cumulative energy
demand, as related to total primary en-
ergy demand (without furnishings by
the occupant), is around 25%. This is

a significantly higher proportion than
applies to standard buildings. It shows
that it is imperative also to place high-
er expectations on energy efficiency for
this particular area of a building and
focus on the development of new prod-
ucts. Further, it also means that prod-
ucts assisting in the active use of re-
newable energy resources — like wind,
solar energy and earth heat — are in-
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Fig. B2.19 Spread of Primary Energy
Requirement over an office building
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creasingly facing scrutiny. Amortisation
time, hence, as it relates to energy de-
mand, thus becomes a decisive factor
in making the choice for a particular
product. Photovoltaic systems, depend-
ing on the producer, have amortisa-
tion times of between 2 and 8 years, at
optimum southern orientation here in
Central Europe. This particular charac-
teristic is not yet taken into account

at the time of purchase of a system, al-
though it should be.

Optimising cumulative energy de-
mand can either be done by selecting
building materials with a large life span
or by using building materials made
of regenerative natural resources. Fig-
ure B2.20 shows primary energy de-
mand over the life cycle of a building
for different insulation materials with
equal insulation performance.
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Fig. B2.20 Cumulative Primary Energy Demand
for various heat insulation materials over building
life cycle



Primary Energy Demand — Use-related

In today’s office buildings, primary use-
related energy demand for EDP devices
and servers is about 25 to 40% of to-
tal primary energy demand (without
building materials). For energy-efficient
buildings, the relative proportion in-
creases up to 60%, so that here, espe-
cially, there is a considerable savings
potential. When designing a building,
waste heat from EDP devices is already
taken into account. Critical value re-
quirements for maximum electricity
demand for typical usage applications,
however, do not exist. The high influ-
ence of waste heat on cooling system
arrangement, and also on energy costs,
show that - when it comes to Green
Buildings - efficient devices must be
allowed for also. In figures B2.21 and
B2.22, variation range of electricity con-
nection and consumption values for dif-
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Fig. B2.21 Parameters of Electricity Demand
for work aids in the office
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Fig. B2.22 Electricity Demand for work aids. Through the use of energy-efficient appliances,
electricity demand can be decreased by up to 50% when compared with standard appliances.

ferent appliances is shown. We can see
that energy-efficient appliances show
only about half the energy consumption
of standard appliances. For buildings
with big servers there are heating and
cooling concepts, nowadays, which use
waste heat for energy-efficient cool-
ing. The dividing line between building
technology and user equipment there-
fore begins to fade more and more.

The energetic parameter of the fu-
ture is primary energy demand over the
entire life cycle of a building, including

consumption values for building materi-

als and user-side equipment. For these
parameters, we can only fall back on
limited experience. However, an inte-
gral view of Green Building energy de-
mand is essential in the opinion of the
authors. Figure B2.18 shows some rec-
ommended figures for residential and
office buildings that can be used as tar-
get values for design and construction
of Green Buildings in Central Europe.
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Water Requirements

The main consumers of drinking water
are private households, small commer-

cial operations and industry. Daily drink-

ing water consumption in Germany is
currently at around 125 litres a person,
a day, which means that it has dropped
by 20% when compared to 1975. For
one, this is due to rising water prices
(by 50% between 1971 and 1991).
Secondly, it is due to people increas-
ingly developing an environmental con-
science. Since non-polluted drinking
water is already becoming scarce, fur-
ther conservation measures urgently
need to be undertaken at this time, for
all areas but especially also for house-
holds.

Water Requirement for Drinking Water
In the average household, 68% of drink-
ing water is used for washing and toilet
flushing. Laundry and dishwashing ac-
tions account for another 19%. The re-
maining water volume is used for drink-
ing and cooking and also for garden
watering and cleaning (Figure B2.24).

6000

Conscientious Handling of Resources

Drinking water consumption for non-
residential buildings is heavily depend-
ent on use. Hotels, hospitals and senior
care homes have a proportionally high-
er requirement that can be accounted
for, primarily, through washing and cat-
ering needs. In office buildings, on the
other hand, the requirements can be
explained primarily by cleaning (facade
and general cleaning). High levels of
drinking water consumption also lead
to high levels of energy consumption
for heating, while also placing addi-
tional load on wastewater systems and
sewage facilities. However, water con-
sumption can be reduced by up to 50%
through the following measures: ad-
justment of habits, installation of wa-
ter-conserving devices and use of natu-
ral and renewable resources (rainwater
and grey water).

Habits

Water consumption for washing can be
reduced by up to 35% if, let’s say, one
would shower instead of taking a bath.
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Fig. B2.23 Comparison: Water Consumption in different European Nations

Over 75% of water consumption used
for tooth brushing could be saved if
the tap were only opened during those
stages of tooth brushing when water is
actually required (rinsing etc.). When
washing, the pre-wash cycle should
only be used for heavily soiled laundry.
A normal cycle suffices completely to
get the washing clean and it uses 20%
less water.

Water-conserving Appliances

and Technologies

The installation and use of water-con-
serving appliances leads to a notice-
able reduction in water consumption.
The most important measures are:

e Lavatory flush with economy switch
e Water-conserving taps (single lever
handle faucet) and shower fittings

e Public sector: fittings with infrared
sensors

¢ Hot water in administrative buildings
only to be supplied in kitchens and
sleeping areas

* Vacuum urinals

Drinking and Cooking
5%
Personal Grooming
37%
. Washing Dishes
6%
Toilet Flush
31%

Laundry
13%

Cleaning
4%

. Garden Watering
4%

Fig. B2.24 Water Consumption spread
for the average household
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Fig. B2.25 Drinking and waste water costs in Germany

over the past few years

Water conservation can also be ap-
plied to existing buildings if dripping
taps and faulty toilet flushes can be
avoided and if existing water pipes
are repaired (Figure B2.25).

Rain Water Use

Systematic rainwater utilization can
reduce drinking water consumption

by about half. Rainwater can be used
for flushing, washing and cleaning, as
well as for watering the garden. This
requires a rainwater cistern and a sec-
ond piping system. Since rainwater is
soft, less washing powder is needed
for the laundry. For watering the gar-
den, rainwater is especially useful due
to its high mineral content, which means
that the plants like it better than regu-
lar drinking water. Another advantage
of rainwater use is that it takes load

off the wastewater systems. Further, the
cistern serves as a buffer for rainfall
volume peak caps. For this reason alone,
many new buildings now require rain-
water collection.

Fig. B2.27 Rainwater collection in Berlin, Potsdamer Platz
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Fig. B2.26 Typical rainfall amounts
in Central Europe

Grey Water Use

Grey water is waste water from house-
holds, stemming from shower, bathtub,
bathroom sink and the washing ma-
chine and which, hence, is not contami-
nated with faeces or highly polluted
kitchen waste water. It only contains a
moderate amount of soap residue and
skin oil. The average household pro-
duces about 60 litres of grey water per
day, per person. This type of water can
be processed into usable water, which
is safe from a hygienic point of view
but does not have the same quality as
drinking water. It can be used for toilet
flushing, watering and cleaning purpos-
es. This means, in effect, that drinking
water is then being used twice.

Grey water processing usually takes
place through a biological and a
mechanical process. Fine particles

are filtered out. Afterward, the water

is cleaned in the aerobe-biological
stage and disinfected through UV ra-

(Figure B2.28). For Green Buildings,
the application of water-conserving
means such as this one is to be ex-
pected.

Sanitary Water ~ Grey Water
[
- D .._J

-
| - T

diation. These kinds of installations rw

24

. Al
are already available on the market

Automatic drinking
water feed

Electronically
controlled filter unit

Operator-friendly controls
with energy saving function
and self-test function Water decontamination
via UV lamp.
Afterwards, the water
does not smell and

Pre-recycling chamber
can be stored long-term

Main recycling chamber

for the 2nd stage

of the biomechanical cleaning
process

Clear water chamber.
Water storage until reuse

Fully automatic
sediment extraction

Fig. B2.28 Principles of Grey Water Use
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Climate

Equator

[C1 zone 1 - Cold (Polar)

Fig. C1.1 Worldwide Climate Classifications

An important consideration for the
development, design and construction
of buildings with low energy require-
ments, aside from their usage, are the
local, prevailing climatic conditions.
Throughout the centuries, and adapt-
ed to climatic conditions on location,
man has been developing sensible
buildings from a climatic point of view,
which offer the possibility of an eco-
nomical energy and resource use while,
at the same time, also presenting with
sufficient levels of occupant comfort.
The resulting building shapes and
designs have been tailor-made over a

Zone 2 — Moderate

Buildings

Zone 3 — Dry

long period of time, adapted to local
climatic conditions and utilization.

Aside from the four global climate
zones, »Cold/Polar«, »Moderate,
»Hot and Dry«, »Hot and Humid«, one
also needs to consider regional and
local climatic conditions. The essential
influential factors are outside tempe-
rature and humidity, solar radiation,
wind speed and fluctuation levels be-
tween the seasons and day/night.
The amount of rainfall, especially, in-
fluences roof shape. Rainwater, how-
ever, can also be used for adiabatic
cooling.
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. Zone 4 — Tropical

Examples for climate-adapted
Construction

Houses located in the Black Forest in
Germany constitute an excellent ex-
ample for how local climatic conditions
can influence construction in a given
region. Black Forest climate is charac-
terised by great fluctuations between
the seasons. Winters are cold, with
plenty of snow and often also with a
lot of wind. Therefore, the buildings are
equipped with highly heat-insulated
walls and their window surface is only
very moderate. Single glazing, which
barely has any heat-insulating merits,
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Fig. C1.2 Wind tower function for cool air

currents: through the openings, the wind is
guided into the building. Before, it is being
cooled via a water surface

can be upgraded to becoming double-
skin box windows that can resist cold
outside temperatures. At the same
time, the double-skin design increas-
es wind insulation during cold winters
(Figure C1.3). Long, steep pointed roofs
prevent excess snow load during peri-
ods of huge snowfall and, at the same
time, offer plenty of room for dry stor-
age of provisions during the long winter
months.

Summers in the Black Forest region
can be very warm, with the sun high in
the sky. The double-skin box window
construction is no longer required then
and the outer window can be removed.
The building can be naturally ventilated
while the moderate amount of window
surface, combined with the storage-
oriented construction, protects against
excess heat. Overhanging roofs and
balconies have very good self-shading
characteristics and offer a pleasant and
cool environment for working outside.

Another, well-known example for
climate-adapted construction can be

-4 Water

STl
] \
————— S

Wind tower function for hot air currents:
the wind is guided over and away from
the building and therefore does not heat
up the interior

found in the wind towers of Arab and
Persian regions, which are also knows
as »Badgir«. These wind towers are de-
signed in a manner that allows for cold
air influx into the building for cooling
purposes, depending on wind direc-
tion, and for letting warmer air streams
pass over the building (Figure C1.2).
These wind towers are open at the top,
either on all four or two sides, and are
equipped with diagonal partitions.
Their outline is ca 3x3 meters and they
stand some 7 meters high. Through the
upper openings, a »Badgir« is capable
of using wind flow from all directions
and conduct them into the buildings
lying below in form of a cool draught.
The tower also serves as a chimney,
since warm air currents from the rooms
below stream off the lee/downwind
side on account of the pressure differ-
ence.

Through this kind of chimney effect,
the tower contributes toward natural
ventilation even when wind velocity
is low. Due to the unique temperature

Outside windows, removable in summer

-Increased ventilation efficiency
| -Cooler Inlet Air Temperature

Small Windows

-For heat loss reduction
- Minimal daylight entry

Box Windows
- Improved thermal conductivity
- Decrease of wind impact

Shutters

- Good thermal insulation in summer
- No daylight entry

Fig. C1.3 Double-skin window arrangement for a typical Black Forest Building

fluctuations that can be found in the
Arab regions, the towers are unique to
them.

There, summer temperatures range
between 32 and 49°C during the day
and drop down to 20°C at night. In win-
ter, outside temperatures during the
day are between 20 and 35°C while, at
night, they drop to 9°C. The wind tow-
ers, however, are only effective during
certain times of the day. They work bet-
ter during the interim periods. Due to
the extreme temperature differences
for the seasons, residential buildings
are being used in a variety of differ-
ent ways. They are usually divided into
two layers. The bottom layer is primar-
ily inhabited during the winter, the up-
perone in summer. Further, the flat
roof is used for sleeping on hot sum-
mer nights. Therefore, one building can
present up to three wind towers, one
each for ventilation of the respective
bedrooms.
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Urban Development and Infrastructure

Encroachment on rural land: Nowadays,
new developments are generally sub-
ject to studies about direct environmen-
tal impact and rural encroachment. This
encompasses micro and macro climatic
impact (temperature, wind, air pollu-
tion) and also impact on surrounding
fauna and flora. By use of long-range
land development plans, efforts are un-
dertaken to curtail rural encroachment.
They stipulate that any countryside in-
vasion must be compensated through
ecologically balancing measures. It is
considered very positive, for instance,
when contaminated plots are made
available for construction. Through re-
contamination of the plot during con-
struction, a positive environmental im-
pact is made. These kinds of compen-
sation regulations make a lot of sense,
yet they are neither compulsory for new
developments nor even broadly acces-
sible in Germany.

Building 1
Potential 100%

Building 2
Potential 50%

FSI=1.0
Site Occupancy
Index (SOI)=0.3

Traffic infrastructure has an enormous
impact on the additional energy re-
quirement resulting from traffic. This
requirement is not yet included in pri-
mary energy equilibration for buildings.
Aside from energy requirements, it also
includes pollutant load from the ve-
hicles. In view of these comprehensive,
ecological aspects it would be advan-
tageous to situate the plot as near as
possible to existing traffic infrastruc-
ture (bus routes, cycle paths, railways).
Therefore, urban concentration is not

a bad thing under sustainable consid-
erations. It is even to be recommended,
for one because of ecological aspects
and, secondly, to decrease the problem
of rural encroachment.

From this viewpoint, a sufficient
supply of bicycle holders and shower
and changing facilities should also
be looked at equally as favourably
when it comes to office and commer-

Building 3
Potential 25%

FSI=10.0

Fig. C1.4 Potentials for the use of geothermics for different ratios of
plot area to building cubic content. Depicted here is possible proportion
of terrestrial heat usage for heating and cooling purposes in residential
and office buildings.

cial properties. And, if solar-genera-
ted electricity were on offer, then the
enterprises could even motivate their
staff to use electric vehicles for their
journey to work. If this type of offeris
available, then staff can be encour-
aged to use energy-conserving means
of transport for their route to work. The
LEED® energy label provides a good
start, here!

Independent of the building shape or
concept used, location and size of plot
are also an important consideration for
achieving a low level of primary energy
requirement.

Naturally, a plot is defined primar-
ily by such characteristics as location,
access opportunities, market value,
required plot and gross floor area and
capital cost. Many construction proj-
ects do not come with any alternatives
regarding location, on account of urban
stipulations.
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However, when plot location is not de-

fined from the outset and there are sev-

eral different options, then factors like
primary energy requirement and envi-

ronmental stress should become part

of the decision process.

The floor space index describes the
relationship between floor area and
plot area and thus constitutes a mea-
suring value for densification as well as
available roof and office areas. These
values allow us to recognize to what
extent energy demand can be met from
natural resources like sun or soil. The
following rules of thumb apply:

e Integration of near-surface geother-
mal facilities up to a depth of 200 m
only makes sense when sufficient plot
area is available for positioning differ-
ent types of soil heat exchangers. Floor
space index for residential construction
should be somewhere between 3 to
max 5 for this. For office buildings, val-

Building 1
Potential 100%

Building 2
Potential 100%

ues between 3 to max 6 are desirable. If
this can be achieved, then a large pro-
portion of heating and cooling energy
for energy-efficient buildings in North-
ern and Central Europe can be supplied
from the soil (Figure C1.4).

e If solar poweris to be used for heat
generation, then there must be suffi-
cient roof space available for position-
ing the collectors. The facade is only
suitable in a limited manner for this
since, for most rooms, daylight is re-
quired and yet the amount of sunshine
on fagade area only constitutes a maxi-
mum of 70 % of optimum yield. In order
to cover a large proportion of drinking
water heating requirements through
solar energy, there should be no more
than 10 to maximum 20 floors to the
building (Figures C1.5 and C1.6).

e When using solar power for electricity
generation there should be a maximum
of 3 to 5 floors for residential, and 2 to

s Building 3

Potential 40% Potential:

FSI=10.0
S0I=0.5

Residential Building 100% Residential Building 50%
Office Building 40%

Office Building 60 %

4 floors for office buildings. That is, if
a large proportion of electricity require-
ments for room conditioning systems
and for household and EDP appliances
is to be met via photovoltaic systems.
This rule of thumb applies for buildings
located in Northern and Central Europe
where no opportunities whatsoever ex-
ist for installing photovoltaic facilities
on the property. In Southern Europe,
the amount of solar radiation may be
higher but so is requirement for solar
electricity generation or solar-powered
cooling. Since, in Southern Europe,
geothermics can only be used in a very
limited manner for cooling, the same
rule of thumb applies for electricity
supply from photovoltaic systems as it
does for Central Europe.

Potential:
Residential Building 15%
Office Building 10%

Potential:

FSI=10.0
S0I=0.5

Fig. C1.5 Potentials for the use of thermal solar power for different ratios of
roof area to building cubic content. Depicted here is possible proportion

of solar energy usage for the purpose of drinking water heating in residential
buildings.

Fig. C1.6 Potentials for photovoltaic solar energy usage for different ratios

of roof area to building cubic content. Depicted here is possible proportion

of solar energy usage for meeting electricity requirements in residential and
office buildings.
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Building Shape and Orientation

The orientation of a given building -
especially of its transparent surfaces
—influences its energy budget due to
the different heights from which solar
radiation hits. Windows are elements of
the envelope area of a building, which
offer both heat insulation and passive
heat gain. Correct orientation and di-
mensioning of windows is dependent
on outdoor climate and utilization. For
office rooms, solar gains can be ex-
ploited less than in residential settings.

Il Window ventilation
impossible

Window ventilation possible
to a limited extent

Window ventilation possible
without limitations

Fig. C1.7 Example for an urban development
energy analysis. Outdoor noise sections are
divided into zones with limited or no window
ventilation possible. Utilizations like shopping
malls should be situated in the nose-intensive
areas, so as to leave ample room for placing
residential and office buildings in those areas
that allow for maximum use of natural energy
potential.

This is due to the requirements by mon-
itor-equipped workstations (a solar
protective device, or a glare protector,
is usually present). Further, in residen-
tial settings, higher indoor temperature
is much better accepted by the occu-
pants, on account of different clothing
worn and different types of activities
when compared to an office situation.
Another difference can be found in the
fact that, for office settings, sufficient
daylight is of great significance for most
rooms while, in residential settings,
the rooms can be arranged according
to utilization. Bedrooms, for instance,
should be facing North if possible, and
be located as far removed from noise
stress as possible. Living rooms, on the
other hand, are better arranged toward
the South, so that solar gains can be
exploited in the best possible manner.
An energetically correct positioning
of utilization applications within an ur-
ban planning concept can be seen in
figure C1.7. Shopping malls and recre-
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ational buildings, which require more
sophisticated ventilation on account of
dense occupancy, are usually placed
close to heavily frequented roads. Resi-
dential and office buildings, in con-
trast, are generally placed in a more
quiet area, in order to fully exploit natu-
ral ventilation potential. Figure C1.8
shows what block shapes are the most
favourable ones with equal use area.
Closed structures constitute the least
favourable solution, since passive so-
lar energy exploitation potential is low-
est on account of heavy shading of the
facades. One consequence of heavy
shading is elevated electricity require-
ment for artificial lighting. Increased
use of artificial lighting, on the other
hand, not only leads to raised elec-
tricity costs and therefore to higher
energy requirement, but also results

in a decreased level of psychological
well-being. Aside from the disadvan-
tages that a solar energy supply of the
rooms brings in its tow, one also needs

Facade closed
100 %

108 %

Facade open toward the East

Fagade open toward the South
111 %

Fig. C1.8 Example of an energy analysis for basic construction forms in the framework of urban
development. Depending on construction form, different energy gains result from solar radiation

on the fagade at equal area of use.



72

Fig. C1.9 Energy analysis for urban project development in Stuttgart/Germany

to consider that air exchange rates are
worse in the inner courtyard because
they depend on yard height. This leads
to a longer running period for mechani-
cal ventilation. Independent of build-
ing concept, an optimum arrangement
of structures results in a saving of be-
tween 10 and 20 % for energy require-
ments, in regard to systems used for
room conditioning.

The more compact a given structure
is, the more energy can be saved. This
statement applies only in part to non-
residential settings: where heat insula-
tion is stipulated at minimum quality
only. One effect of improved heat insu-
lation, as it is becoming a requirement

for Green Buildings, is an ever increas-
ing independence from envelope area
to room volume ratio. If one looks at
heating energy requirement alone, then
itis, of course, absolutely correct to
minimize a building in respect to heat
loss area while aiming to keep utiliza-
tion area as is. However, this approach
presents energetic disadvantages for
highly insulated buildings, when taking
into account cooling energy and elec-
tricity requirements for ventilation and
lighting. By merely aiming to minimize
heating energy requirements, no overall
optimisation can be achieved. This rev-
elation is all the more important since,
in Germany for instance, all former

[l Today

[ Tomorrow

B Future

and current energy conservation and
heat insulation stipulations are based
on measuring heating energy require-
ments according to its proportion of
total energy requirements. Green Build-
ing architecture, hence, in future will
no longer orient itself solely on building
compactness, even for colder regions
like Northern and Central Europe. Rath-
er, allowances will need to be made for
optimising all energy flows that are of
importance to building operation. Less
compact buildings, with more daylight
and a higher potential for (at least part
of the time) areas that are capable of
being naturally ventilated, can quite
possibly be at an advantage here.
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Room 1 Room 2 Room 1 Room 2 Room 3 Insulation Quality
Wt o T .~ T

yd

A12/ V12 > A123/ V123

Passive House
51% 62% Heat Insulation |

Very good
59% 68% Heat Insulation

Good

75% 79% Heat Insulation
Bad

107% 100% Heat Insulation

Fig. C1.10 Influence of envelope area (A)/room volume (V) ratio on primary energy requirements
for room conditioning systems at different insulation characteristics of envelope area
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Building Envelope

Heat Insulation and Building Density

The fagade of a building constitutes the
interface between outside and indoor
climatic conditions. While indoor cli-
mate in rooms that are occupied year-
round tends to fluctuate only within

a narrow corridor of 4 to 8 K, outdoor
climate can present temperature differ-
ences of up to 80 K, depending on loca-

tion. Forinstance, in Chicago/USA, min-

imum outdoor temperatures in winter
of -40°C are no rarity. In summer, they
may rise to +40°C.

For Northern and Central Europe,
heat insulation is desired primarily
because of the long winter duration.
Minimum insulation strength values, in
the 8oties, were primarily used to pre-
vent physics of buildings damage to
outer components. The aim here was
to move a component’s dew point as
much to the outside as possible in or-

der to avoid inner surface condensa-
tion. Moist walls on the inside inevita-
bly lead to mould formation and place
a heavy load on indoor air quality and
human health. With the now prevail-
ing insulation strengths for Central
and Northern Europe, there is no more
danger of condensation at the interior
of the room, so long as correctly con-
structed external components are pres-
ent. Nowadays, insulation strength is
oriented on the following criteria: heat-
ing energy requirements, thermal com-
fort through high interior surface tem-
peratures, and a sustainable economi-
cal approach for the building envelope
and technology system.

Good heat insulation, however, not
only makes sense for countries sub-
jected to long-lasting, cold outdoor
climate. This becomes clear once we
take a closer look. In Southern Europe,
many buildings are not equipped with
any kind of heating installation. An ac-
ceptable indoor comfort level, hence,
can only be achieved by improved insu-
lation. For countries with a hot outdoor
climate of up to 50°C, as are found
in the Middle East, there is nearly the
same temperature gradient (outdoor/
indoor climate, 25 to 30K) as in Germa-
ny, only in reverse. The building does
not lose heat to the outside but, rather,
gains it from there. In order to uphold
thermal comfort levels, one does not
need to heat but cool. Of course, there
are climate zones that do not require
high levels of heat insulation on ac-

count of their continental, even outdoor
climate. In Central Africa, for instance,
outdoor temperature presents even-
ly, day and night, winter and summer,
somewhere between 10 and 30°C. Yet,
these regions should still be provided
with some kind of heat insulation, es-
pecially in view of damage sustained
through humidity (very high outdoor
humidity), and also with sound pro-
tection (if lots of outdoor noise is the
case).

Adjustable Heat Insulation Designing
heat insulation in an adjustable man-
ner remains a target for energy-efficient
construction. In the 90ties, double-
skin fagades were partially equipped
with motorized flaps, which allowed
shutting off the air inlets for the build-
ing and thus creating a »winter garden
effect« by preventing heat loss from
the building during periods of, forin-
stance, solar radiation. The flaps can
be opened when outdoor temperatures
are high, something which avoids over-
heating of the rooms. Another manner
of adjusting summer or winter heat in-
sulation is by arranging transparent
membranes, in form of foils, on the
inside ceiling region by placing them
one behind the other at different prox-
imity. This results in different air cush-
ions between the foils. Added up, they
provide good heat insulation. Figures
C1.12 and C1.13 show an example for
this, from a study object for a transpar-
ent customer centre: in winter, the bot-
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+30 *C

Fig. C1.12 Operative indoor temperature in
summer. Through expanded room volume,
thermal stratification can result that presents
comfortable temperatures at the bottom.

tom movable foils shut off the usable
area at a certain height and so form a
buffer between building envelope area
and usable area. The naturally elevat-
ed temperature in the buffer zone now
lowers temperatures in the useful area.

-10*C

Fig. C1.13 Operative indoor temperature in winter.
The decreased room volume of the heated custo-
mer centre decreases heating energy demand and
creates energetically intelligent buffer zones in the
roof area.

Transparency, however, remains. The
air volume of the usable area that is to
be heated decreases, which results in
further energy savings. In summer, all
the foils adapt to building shape. This
means that, for one, the sun is kept out

Fig. C1.14 Century Hall Jahrhunderthalle) at Bochum/Germany. Architects: Petzinka Pink Technologische
Architektur®, Duesseldorf
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Fig. C1.11 Outer

and interior view,
competition design
for a customer centre.
Architects: Petzinka
Pink Technologische
Architektur®,
Duesseldorf

to a great extent on account of the dif-
ferently imprinted foils. Further, useful
space is expanded back to its original
size, which results in thermal stratifi-
cation toward the top. Then, it suffices
to guide the cool inlet air into the lower
region of the room while the warm air
flows toward the top and then, via con-
trollable ventilation flaps, out through
the roof. Full building height is exploit-
ed through thermal stratification: cool
at the bottom, warm at the top. With this,
required cooling load can be kept low.

Demand-oriented Heat Insulation
Aside from outdoor climate, the manner
in which a given building is being used
constitutes a decisive factor for choos-
ing the right heat insulation in regard to
energy-efficiency. As a rule, it is a good
idea to decrease heat dissipation to the
outside through improved heat insula-
tion and/or to prevent heat inflow from
the outside in the same manner (when
indoor cooling is desired). For buildings
types and utilizations with large indoor
heat sources and great room depth like,
forinstance, department stores, lower
level heat insulation can be advanta-
geous for the climate zones of Central
Europe. This is because, due to the
large indoor heat sources and the low
ratio of envelope area to room volume,
the building needs to be cooled almost
constantly. This means that too much
heat insulation could be counterpro-
ductive, actually, for the greatest part
of the year. An exceptional stipulation
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Fig. C1.15 Bochum Century Hall after revitalisation. Architects: Petzinka Pink Technologische Architek-
tur®, Duesseldorf

clause for those cases is specifically
included in building regulations for Ger-
many. Minimum heat insulation values
for the avoidance of damage through
humidity, however, ought to be adhered
toin all cases.

An excellent example for demand-
oriented heat insulation is the reno-
vation of the Bochum Century Hall in
Germany (Figure C1.14 and C1.15). At
the beginning of the 20th century, the
three individual halls were the location
of a gas power plant and served also as
exhibition halls for industry and com-
merce. Later, they became storage and
workshop facilities. Due to the huge
volume of available space, and on ac-
count of the halls coming under the
local historical building protection act,
the only insulation measures under-
taken were those required for the avoid-
ance of any constructional damage.
Through simulation calculations, it was
determined up to what outdoor climate
conditions a level of acceptable indoor
comfort could be maintained for the
envisioned 2000 spectators (Figures
C1.17 and C1.18). The halls are venti-
lated exclusively on a natural basis,
something that constitutes a novelty
for assembly halls of this magnitude.
The only available heating system is
floor heating, the heat for which is har-
vested, to a large extent, from a neigh-
bouring industrial plant. Since 2003,
the century hall has been hosting the
»RuhrTriennale« between May and Oc-
tober each year.
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Fig. C1.16 Optimisation of frame construction. Overall Heat Loss Coefficient
for the frame structure was decreased from 1.6 to 0.9 W/m?2K through the

implementation of optimisation measures

Facades with Extreme Temperature
Insulation Window systems and unit-
ised facades are held together by frame
profiles. Triple glazing or an extreme-
temperature insulated panel, when held
together by standard framing, does not
provide the energy characteristics that
are required by a Green Building. Pillars
and frame construction must also be
extreme-temperature insulated since
otherwise, the desired effect of high
inner surface temperature with simulta-
neous, construction-based avoidance
of cool air drop at the fagade cannot
be obtained. Aside from the optimisa-
tion of individual components, thermal
bridges should be largely avoided dur-
ing the planning and execution phases.
Not only do they hamper indoor comfort
but they also result in increased energy
demand.

For a building envelope, we distin-
guish three different forms of thermal
bridges: first, there is the geometrical
thermal bridge. On account of the larger
envelope area as related to room vol-

ume, this bridge causes a higher level
of heat loss (Figure C1.24). The easiest
form of a geometrical thermal bridge

is a corner of the building that keeps
presenting a mould potential in insuffi-
ciently insulated and ventilated rooms.
For new buildings, the negative impact
of geometrical thermal bridges can usu-
ally be avoided with sufficient outer
insulation. For existing buildings, outer
insulation is usually an effective means
for counteracting condensation-based
humidity problems on the inner wall
surfaces.

The second form of thermal bridges
is materials-related and can be found in
all junction components of the building
shell area (Figure C1.25). With ever im-
proving insulation, the effects of poorly
planned or executed junctions on heat-
ing energy requirements are enormous.
This can be seen, forinstance, in the
case of vacuum insulation: the elements
of the vacuum insulation panels usu-
ally nowadays measure a maximum of
1.20 by 1 meter. The area ratio of the
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21.0 Simulation for an Evening Reception in Hall 3, Outside Temperature 22°C

Fig. C1.17 Flow simulation results. Arrangement of operative indoor

temperatures for an evening reception in Hall 3. Hall 1 is not occupied
and is used as a fresh air reservoir during the intervals.
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highly heat conductive plate junctions
can, depending on plate format, con-
stitute between 5% and 10 % of total
area. Without the implementation of
additional measures at the joins, the ef-
fective U value of the outer wall will be
0.2 instead of 0.1 W/mZ2K of the vacuum
insulation panel, which is a reduction
of 100%. As for conventional insulation
substances, it is also to be recommend-
ed for extreme-temperature insulated
constructions to strive to stay as free
from thermal bridges as possible. Ev-
ery single plate anchor and support rail
that is not thermally decoupled causes
elevated heat loss levels.

The third form of thermal bridges can
be traced back to construction (Figure
C1.26). For the most part, this happens
in the planning stages and, if caught
early enough, can be counteracted
through changes of materials or con-
struction. Classical examples would be
overhanging balcony panels or steel
ceiling supports that break through the
facade. These kinds of thermal bridges

Fig. C1.18 Three-dimensional Simulation Model of the Century Hall



conduct a large proportion of heat-

ing energy to the outside, through the
sometimes quite considerable propor-
tion of inner component areas that lead
on to the outside and possess very
good heat conductivity. Frequently, this
only happens in conjunction with sur-
face cooling of these components in the
facade vicinity. Hence, aside from heat
loss, we must also prepare ourselves
for condensation damage. For the ar-
eas of steel construction and concrete
steel construction, building materials
technology offers a variety of solutions
for thermal decoupling or heat insula-
tion of such thermal bridges. Precisely
which one of these technological mea-
sures would be the most economical
one can be determined by means of a
thermal bridge analysis (Figure C1.19).
For the thermal bridge calculation, vari-
ous alternatives are looked at for ad-
hering to thermal requirements. Then,
the most economical alternative is de-
fined.

As for improvement of building air-
tightness, this is an important factor for
all Green Buildings in all climate zones.
While, for Northern and Central Europe,
badly insulated buildings increase total
heating demand, for Southern nations
excess heat needs to be »cooled away«
again. This usually happens because
the air conditioning unit on the inside
generates a higher amount of pressure
there than is present on the outside,
which means that no airflow from out-
side can get indoors. But what happens
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Fig. C1.19 Thermal Bridge calculation for vacuum
insulation panels with and without rebated joint

when the system is not in operation?
The problem gets even larger when
the region concerned is hot and humid
since, in case of lack of airtightness,
air conditioning units need to run con-
tinuously in order to keep the building
cool and dry.

The advantage of an airtight build-
ing also comes with a disadvantage:
the less natural infiltration there is, the
greater the risk for condensation in crit-
ical areas (geometric thermal bridges)
on cold days. To avoid this, we strive for
mechanical ventilation with heat recov-
ery function for highly insulated, air-
tight buildings. This saves a lot of ener-
gy when compared to leaking buildings.
Figures C1.20 to C1.23 show target

Uy Value
in W/m2 K
0.3
Future:
vacuum insulation 0.4
glazing 05
0.6
0.7
Energy-optimised: 0.8
triple glazi
riple glazing e
1.0
11
1.2
Standard: 1.3
double heat 14
insulation glazing .
1.5
1.6
1.7
1.8

Avoidance of 1.9
constructional damage 0

21

Fig. C1.20 Parameters of Overall Heat Transfer
Coefficient U, for different glass and window types

values for heat insulation (overall heat
transfer coefficient U,) and building
density (joint permeability as a measur-
ing value for air tightness) for the vari-
ous structural components of the en-
velope area. Aside from the aforemen-
tioned exceptions for special construc-
tions, these values should be adhered
to in order to achieve the target values
set for heating energy demand.
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12 cm TCG 035 0.35
Avoidance of
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Fig. C1.21 Overall Heat Transfer Coefficient U
parameters for outside walls

1. Horizontal Cut
Wall — Outer Ceiling

Geometrical Thermal Bridge
Wall — Outer Ceiling
With expansion

Fig. C1.24 Examples of a Geometrical
Thermal Bridge
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Avoidance of
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Fig. C1.22 Overall Heat Transfer Coefficient U
parameters for rooftops

2. Vertical Cut
Window Junction

Fig. C1.25 Examples of a Material
Thermal Bridge

a Value
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Fixed Glazing 0.04
Assembly Elements 041
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Mean Joint Value 0.75
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Mean Joint Value 295
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Fig. C1.23 Permeability parameters for different
fagade joints

3. Horizontal Cut
Wall

Outside

L %

Material Thermal Bridge
Steel-concrete strut in Wall
with Heat Current Expansion

7

inside

Fig. C1.26 Examples of a Structural
Thermal Bridge
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Solar Protection

(Y YYYYYYYY
Lbbbbb hAAMAR

. ﬂ_ml! AHALD
‘E- ra

Fig. C1.27 King Fahad National Library in Riad, Saudi Arabia. Architects: Gerber Architekten, Dortmund

A good level of solar protection is es-
sential to Green Buildings. The aim here
is to afford the building sufficient so-
lar protection so as to keep both cool-
ing energy requirements and expected
cooling load as low as possible. Solar
protection arrangement is according

to manner and type of glazing and it
can be regulated via an additional ele-
ment in either rigid or movable version.
Aside from the course of the sun for the
specific location, for mobile solar pro-
tection devices that are located on the
outside, we also need to take into ac-
count during the conception stage how
stable the wind is. Since glazing and
solar protection influence the amount
of daylight in a given room, there is a
direct proportional effect between en-
ergy requirements for room cooling and
artificial lighting.

Solar protection shading demands are
largely independent of both location
and type of use. Naturally, for different
climatic regions and design desires,
there are different solution approaches
also. However, they all need to meet the
same requirements for effective shad-
ing. Figure C1.28 shows target values
for solar protection as an effective total
energy permeability grade of the fa-
cade. The effective total energy perme-
ability grade consists of window area
proportion of the facade (interior view)
and total energy permeability grade of
glazing when combined with solar pro-
tection device. For smaller window ar-
eas, less effective solar protection can
be used, forinstance something like
transparent screens. Larger window
areas require a highly effective outside
solar protection device. Inside solar

X giot
0.06
Very good 0.08
0.10
Good 0412
0.14
Acceptable
in cooler regions
-_—— 016

Fig. C1.28 Parameters of total energy permeability
grade g, in relation to window area proportion f
of the fagade for occupied rooms. The effective
total energy permeability grade consists of the
combined characteristics of glazing and solar
protection device. When multiplied by window
area proportion, a parameter for occupied rooms
results. It defines to a great proportion both
cooling energy requirements and indoor comfort
in summer.
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Fig. C1.29 Visualization of shading grade generated by solar sails, depending on seasonal and daytime considerations.

protection devices usually heat up to a
high degree, something that has a neg-
ative effect on cooling energy require-
ment and on local operative tempera-
ture in facade vicinity. When choosing
a suitable solar protection system, es-
pecially when an inside arrangement
applies, it is absolutely essential to
calculate total energy permeability only
in combination with the type of glazing
used. To this day, the values provided
by many manufacturers only go for out-
side systems.

Very warm regions occur at latitudes
where the sun is rises very rapidly
high into the sky. For these regions,

a rigid solar protection device is to

be recommended, since this can be
used year-round in most cases. Fig-
ure C1.27 shows the solar sail arrange-
ment for the Riad National Library in
Saudi Arabia. Through 3-dimensional
simulation calculations, sail geometry

Direct Sunlight

Diffuse Sunlight

Reflected
Sunlight

is optimised in for view of solar energy
yield while still presenting vista (Figure
C1.30). Aside from direct radiation, dif-
fuse sunlight, which gets reflected into
the room either from the facade or the
sails, needs to be taken into account.

In wind-intensive regions there are
three basic varieties for sufficient sum-
mer heat insulation: the first is a rigid
outside solar protection device, often
executed in form of a roof protrusion.
This form of solar protection, however,
only provides adequate protection for
southern nations where the sun is high
in the sky and then only for cases of di-
rect solar radiation. In Central Europe,
with Southern orientation, additional
solar protective measures need to be
undertaken. The second variation con-
sists of installing an overhanging glass
construction as a wind-protected solar
screen. This is typically done for double
skin facades. Third is the use of a wind-

2" Floor

15t Floor

H—

Fig. C1.30 Simulation model for calculating solar influx, dependent on sail geometry

and the position of the sun

resistant, movable kind of construction.
It may consist of a variety of materials,
be they wood, aluminium or even im-
printed glass. If an interior sunscreen is
desired behind sun protection glazing
then, in Central Europe, this frequently
leads to exceeding maximum effective
total energy permeability grade unless,
that is, the window surface areas of the
facade present a very low ratio of 30
to 40 %. This, however, would greatly
reduce daylight entry rates and, aside
from an adverse psychological effect,
also result in greater energy demand for
artificial lighting. Only for some North-
ern European regions, where warm and
sunny days are a rarity, solutions can
be implemented in an energy-efficient
manner to include larger window areas
and inside solar protection systems.
When revitalizing or renovating pro-
tected facades, there is often a conflict
during conception already between
design and efficiency. Because of the
buildings being protected, it is often
not possible to equip them with an
outside solar protective device. Yet,
the new indoor climate must still pres-
ent good thermal comfort. Unlike new
buildings, existing buildings used for
offices often have low thermal storage
ability (e.g. rib ceilings that are less
than 15 cm thick), so that cooling re-
quirements very quickly increase. Fig-
ure C1.31 shows the Kaiserhof office
tower in Hamburg: the building’s pro-
tected fagade was recreated almost
completely, with only one add-on at the



82

Fig. C1.31 Kaiserhof Office Towers in Hamburg.

Architects: Prof. Winking Architekten, Hamburg

bottom having been added. Behind the
trap windows, a movable solar protec-
tion device was installed, which is also
suitable as glare protection. At a specif-
ically set spacing, directly behind, slid-
able glass windows were put in. The oc-
cupant can operate them whenever de-
sired. In winter, the opening of the up-
per trap suffices for natural ventilation.
In summer, both trap wings are open.
The inside slidable windows, however,
are still manually opened or closed by
the occupant, depending on outside cli-
mate (wind, sun, temperature). Natural
back ventilation for the solar protective
device is always assured in summer

through the open traps. This means
that cooling load inside the room re-
mains low. At night, the traps also offer
an excellent means of night ventilation.
Naturally, solar protection also al-
ways constitutes a design element of
the facade and therefore also of the
building. In Central Europe, solar pro-
tection needs to be active during most
of the summer but, in Southern nations,
this applies year round. For this reason,
solar protection is a decisive factorin
defining overall building presentation.
A Green Building, however, cannot mere-
ly be justified by its design. It must also
prove to be energy-efficient. On the
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Fig. C1.32 Facade and Ventilation Concepts for the Kaiserhof Office Towers

other hand, the building must be ca-
pable of being sold or rented out and,
therefore, design is certainly also a
consideration.

Figure C1.33 shows another design
option for solar protection. The outside
shutters consist of individual alumini-
um ribs and when, they are up, allow for
generous self-shading on the Southern
side during the height of summer. As
the sun gradually goes down, the shut-
ters automatically come down. Spacing
and slant of the ribs is defined in ad-
vance through simulation techniques
and according to energy and daylight
yield as well as orientation.

Solar Protection with Daylighting
One of the most effective means of so-
lar protection — which also meets all re-
quirements regarding energy and day-
light yield, visibility and flexibility — are
vertical louver blinds. If the standard
version is only minimally changed, a
highly wind-resistant, transparent and
daylighting form of solar protection can
be achieved. A good example for this
are the perforated, concave lamellae
versions that offer very good daylight-
ing and view to the outside.

Another version of vertical louver
blinds bend the lamellae in the up-
per quarter of the standard version at

Indoor air exchange
adjustment through
position of inner

Horizontal cut

Outer traps are

opened for back {}'{1:
ventilation of solar :
protection device
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a different angle to those below. This
achieves a cost-effective and well-func-
tioning form of daylighting.

An even better form of daylighting
can be achieved through a combination
of a daylighting system in the upper
fagade region and vertical louver blinds
for the rest of the facade area (Fig-
ure C1.24). In doing this, however, one
needs to make sure that the light con-
trol element also offers sufficient glare
protection in summer.
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Fig. C1.33 Folding shutters for the Campeon office building in Munich.
Architects: Maier Neuberger Projekte GmbH
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. Fig. C1.35 Facade cut for VDI office towers in

F Duesseldorf. The upper facade region presents
a rigid light control system, the lower fagade
region is effectively shaded and kept virtually
glare-free by outer vertical louver blinds

Fig. C1.34 Vertical blinds with simple daylight
function



Buildings

Glare Protection
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Fig. C1.36 Parameters for light transmission rate T
for glare protection devices, without outer solar
protection. Light transmission rate essentially
defines luminance distribution in the window area
and, thus, also thermal comfort

For rooms with computer workstations,
there must be adequate glare protec-
tion in order to limit near and far field
luminance. This prevents contrasts be-
tween monitor and field of vision from
becoming too prominent. In this, all
glare sources need to be considered:
sunlight hitting the work pane and its
immediate vicinity, visible section of
the sky, luminance of glare protection
device and also large luminance dif-
ferences brought about through glare
protection design in form of holes or
slits (opening factor). Light transmis-
sion rate of the glare protection, to-
gether with the opening factor, then

Visualisation — Office Work Station

False-Colour Image —
Luminance Distribution

Target Value
<1500cd/m?

150cd/m?

Fig. C1.37 Luminance check through daylight
simulation. The target value for luminance
distribution at the workstation far field of about
1500 cd/m?2 is not reached due to outer solar
protection with light control

defines the expected luminance for the
room. Figure C1.36 shows target values
for glare protection light transmission
rates, for achieving thermal comfort

at computer workstations. We assume
that the glare protection is located be-
hind heat-insulated glazing and that no
outer solar protection is present.

If the glare protection presents low
light transmission, then it prevents con-
trasts from becoming too high but, as
a rule, it will heavily restrict not only
daylight and window usage but also the
psychologically viable vision contact to
the outside. In order to avoid this, there
are two possible solutions, in principle:

First, you can use existing outer solar
protection for glare protection also, so
that interior glare protection only needs
to be minimally activated. A prerequi-
site is that the solar protection device
allows for sufficient daylight to pass
through. Not all types are suitable. Fur-
ther, local wind factors need to be veri-
fied, in order to determine how often
the solar protection device needs to

be pulled up for safety reasons. Lumi-
nance distribution, as Figure C1.37 has
shown, can be calculated, quite pre-
cisely, in advance via daylight simula-
tion.

Secondly, the glare protection de-
vice’s direction of movement can be
inversed, from bottom to top. Then, de-
pending on building structure and fur-
niture, sufficient glare protection can
be achieved while daylight still enters
the room in the upper facade region. An
example for this can be found in chap-
ter D: Dockland project.

If the glare protection is used for pur-
poses other than work at the monitor,
it may be designed in a more transpar-
ent manner. This goes, for instance, for
glass halls that host functions.
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Daylight Utilization

Whether sufficient daylight is avail-
able can be, firstly, determined by the
obstructions present and, secondly,

by facade design. Obstruction-caused
shading happens from neighbouring
buildings or from the building con-
cerned. In building design, it is es-
sential to keep the need for sufficient
daylight presence in occupied areas

in mind, as a factor to be absolutely
considered. Some pointers for the ad-
equate distance to obstruction can be
found in figure C1.38. They show that,
if courtyards are too narrow or protru-
sions too prominent, a daylight poten-
tial loss of between 30 and 50% can
very rapidly result. For glass roof atria,
the glass roof results in 30 to 40% less
daylight yield, even with single glazing.
Aside from the decrease caused by the
glazing itself, there is also a higher pol-
lution level on the horizontal plain. Fig-

M Comfortable
Good

B Acceptable
Bad

53 58 63 68 73 78

Light transmission rate of room-side
(interior) glazing in %
Fig. C1.38 Daylight level inside the room:
influence of opposite obstruction and light
transmission rate of glazing.

ure C1.41 gives guidance values for the
influence of glass roofs on interior day-
light presence. In this, light transmis-
sion and pollution rates for the glazing
are considered, as are influences exert-
ed by mutual shading.

For the design of facades of occupied
rooms, the most important factors for
daylight yield are window area, drop
height and light transmission charac-
teristics of glazing and solar protec-
tion system. Since daylight is required
for most utilizations somewhere above
the table plane, glazing in the lower
facade region only has minimum influ-
ence on elevating room brightness. A
window area ratio of 60 to 70% to inner
facade and to the room itself allows for
optimum daylight utilization inside the
room, provided that the glazing in the
facade has been correctly placed. The
best possible effect can be achieved
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Fig. C1.39 Daylight level inside the room:
influence of a horizontal protrusion and light
transmission rate of glazing. Boundary conditions:
Reflectance, floor: 20%, waste: 50%, ceiling:
70%, outside facade: 20%, room floor-to-ceiling
height: 3 m, drop height: 0.2 m
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when drop height can be reduced to a
minimum (Figure C1.40). Daylight com-
ing in through the upper facade re-
gion then reaches into maximum room
depth without reflecting off ceiling,
floor or interior walls. If daylight ratio is
decreased through greater drop height,
this can only be compensated by bet-
ter reflective surfaces of room enve-
lope surfaces (especially the floor). In
most cases, this is not even possible
since, as a rule, ceilings are usually de-
signed to be very bright and thus a sig-
nificantly higher reflection rate cannot
be achieved. Flooring, and its colour,

is usually defined by different criteria,

such as hygienic and cleaning consider-

ations, which means that only very few
variations in design are possible.

Light transmission characteristics of
the glazing, and also the solar protection
device, both have a direct influence
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Fig. C1.40 Daylight level inside the room:
influence of lintel height and light transmission
rate of glazing. Boundary conditions: Reflectance,
floor: 20%, waste: 50%, ceiling: 70%, outside
facade: 20%, room floor-to-ceiling height: 3 m.
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on natural brightness levels inside the
room. For instance, a solar protective
layer always decreases light transmis-
sion rate. Neutral layers have a spectral
effect, which means that they allow the
largest possible proportion of the sun’s
light spectre to pass through while the
other parts, like UV and long-wave IR
radiation are reflected or absorbed. The
afore-mentioned figures show the influ-
ence of light transmission rate on day-
light availability. Tinted glass windows
without spectral effect are not con-
sidered since they are not suitable for
Green Buildings in Europe.

While light transmission presents
evenly for glazing, it can become vari-
able for solar protection systems. This
usually applies to daylighting systems.
The easiest way that daylighting can
be achieved is with vertical blinds. In
the so-called cut-off position, diffused
sunlight can get into the rooms without
causing overheating there. If the up-
per ribs are arranged horizontally and
the lower ones vertically, a high pro-
portion of daylight can reach deep into
the room from the upper fagade region.
Getting even deeper for excess room
depth (above 5 m), however, is then
only possible through the use of highly
reflective outer ribs and light guiding
ceilings. Use of these types of systems
results in a high level of visual comfort
since equable brightness is achieved
even in rooms that are only lit from
one side. Daylight tracking by standard
ribs, depending on sunlight, can have a

comparative effect for many sky condi-
tions found throughout the year. Solar
protective system quality (regarding
daylight transmission and control) is
compared to that of standard vertical
blinds (without daylighting and auto-
matically operated). Standard vertical
blinds received the classification »sat-
isfactory«; energy-efficient and com-
fortable systems always offer at least a
small daylighting function. Aside from
the daylighting function, very efficient

systems can be controlled via the hang-

ings. While this depends on shading
and the solar protection present, it also

guarantees maximum daylight exploita-

tion for the rooms.

1.00 B Comfortable
Good

M Acceptable
Bad

Ratio of height h to distance a of Courtyard

30 65 10
L

Effective Light
Transmission of roof
of the Atrium in %

Courtyard

Fig. C1.41 Impact of surrounding obstruction
and roof effective light transmission on daylight
level inside a room. The rate of effective light
transmission of the glass roof of the atrium can
be determined at the product of glass roof
proportion, soiling factor and light transmission
of roof glazing. Boundary conditions: Reflection
rate floor, wall, ceiling, outer facade, height
clearance, drop height, light transmission office
glazing

System with
Daylighting

Vertical Blinds
with Daylighting
Function

Standard Vertical
Blinds

System without
Daylighting,
e.g. Screen

Fig. C1.42 Classification of solar protective
systems in regard to the level of existing
daylighting
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Noise Protection

Fig. C1.43 Close-up of the Neudorf Gate fagade
in Germany. Architects: Rasbach Architekten,
Oberhausen

The primary task when planning for
sound insulation is of sound-insulat-
ing design for self-contained building
components. This goes for the build-
ing envelope (sound-proofing from the
outside) and the inner walls and ceil-
ings (sound-proofing from the inside).
Under Green Building stipulations for
energy-efficient construction, the com-
ponents must be capable of handling
several functions at once: facades, for
instance, must function in a sound-
absorbing manner at frequented roads,
even when the rooms are to be ventilat-
ed via casements.

Double-skin fagade In Germany, in
the 90ties, many buildings were con-
structed with a double-skin fagcade
— despite the fact that double-skin fa-

cades were not required, under tech-
nical or energy considerations, for all
the buildings. Over the past few years,
there has been an increasing trend to-
ward the consideration of life cycle
costs and indoor comfort, so that dou-
ble-skin facades are nowadays only be-
ing built when it actually makes sense
to do so. For new buildings, double-
skin fagades really only offer two ad-
vantages: decrease of wind influence
on solar protection devices and window
ventilation; lowering the level of sound
penetration. Figure C1.45 shows sound
insulation improvements, depending
on the opening proportion of outside
glazing. On account of the opening ra-
tio of at least 7.5 to 10% of facade area,
which is required for back ventilation,
decreases are possible of between 4
and 7dB for any closed windows lying
behind, but up to 10dB for a tilted win-
dow in the same position. In order to
ascertain a good to acceptable interior
sound level of 50 to 55dB (A), it makes
sense to set the application areas for
double-skin facades at mean outdoor
noise levels of 65 to 75dB (A). Natu-
rally, the course of outdoor noise level
throughout the day needs to be mea-
sured precisely since, for instance, in
case of frequent and high noise peaks,
these cannot be sufficiently absorbed
by the facade. The above-mentioned
values merely serve for orientation pur-
poses regarding a preliminary check for
the requirement and sensibility of the
proposed undertaking.

Sound insulation and window ventila-
tion — no overheating When conceptu-
alising the facade of the Neudorf gate
in Duisburg, a different approach was
taken. Via constructional means, the
target was a noise reduction level of at
least 5dB. Since double-skin fagades
frequently present physically caused
excess temperatures, these had to be
avoided. The solution was found in a
fagade construction with two separate
structural components: the larger fa-
cade area is a classical double-skin
fagcade with back-ventilated solar pro-
tection in the interspace, yet without

| [
» 4
No heating-up of the 7
inner space through
the fagade in front
i hl i

Rib upderside is
perforated (sound
absorbing)

|
| L AR 7 L
|

Fig. C1.44 Facade detail: individual rib
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Fig. C1.45 Impact of sound insulation for double-skin fagade as depending

on opening proportion and absorption degree in the fa

opening wings into the room. Between
these areas, and dependent on room
flexibility, there is a cyclical arrange-
ment of sound absorption ribs, behind
which the opening wings are located.
The ribs are perforated in the lower
section, and smooth on the upperin
order to allow for rainwater to pass off.
They are arranged vertically overlap-
ping, in order to guarantee protection
from the sun year-round (Figure C1.44).
Airborne noise insulation measure-
ments have shown that, irrespective of
window opening size, there is always a
sound reduction of 6 dB. This presents
a distinct advantage to the occupant:
the windows can be operated as usual,
whether tilted for ongoing ventilation or
completely opened for interim ventila-
tion with a noticeable wind influence
factor.

Sound Insulation and Window Ventila-
tion — the Hybrid Facade The Berliner
Allee office building in Duesseldorf is
an existing building from the 50ties and
is located at a heavily frequented road
(Figure C1.46). It was the desire of the
client to develop a renovation concept
that would have all the advantages of a
double-skin fagade while, as much as
possible, avoiding its disadvantages.
Jointly with the architect and the client,
a hybrid facade was developed, the
structure of which was strictly oriented
on the centre-to-centre grid of the ex-
isting building. By only equipping every
other facade axis with impact glass,

¢ade corridor

even the tiniest office space always has
two different window ventilation op-
tions. In the vicinity of the impact glass,
a solar protection device is located in
the facade interspace, which is ven-
tilated via an inlet air slot. Part of the
waste air is guided outside through a
slotin the upper fagade region. How-
ever, the largest proportion of waste

air dissipates naturally through a vent
stack close to the struts (Figure C1.47).
This arrangement offers the following
advantages:

« In case of traditional window ventila-
tion with an outer solar protection de-

Facade axis

Facade axis
without impact
glass

impact glass

View

with impact glass |

Fagade axis without

89

Fig. C1.46 Virtual image of the renovated Berliner
Allee office building, Duesseldorf/Germany.
Architects: Bartels und Graffenberger Architekten,
Duesseldorf

vice, the occupant can take advantage
of the option for interim ventilation, of-
fering direct outside air contact without
the risk of overly hot inlet air.

o When ventilating via a window that
has an additional impact glass, the oc-
cupant may actually ventilate his rooms
for the greatest part of the year in a to-
tally sound-insulated manner. Thanks
to the vent stack integration in strut
vicinity, opening surfaces of the outer
facade skin can be decreased in size,
which elevates sound insulation while
maintaining the same high ventilation
standard.

“~—+Overflow into vent
| stack

Vertical cut

Fagade axis with |
impact glafs

Fagade axis without
impact glass

Horizontal cut

Fig. C1.47 Ventilation and sound insulation arrangement of the Berliner Allee office building

(view, vertical and horizontal cut of facade)
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Facade Construction Quality Management

Facade design has changed enormous-
ly over the last centuries. Today’s fa-
cades for energy-efficient buildings
are designed in a manner that unite
creative considerations with an opti-
mal framework for indoor comfort. In
this, a whole list of factors needs to be
brought together into one functioning
unit, the aim of which is to keep re-
quirements for technological systems
as small as possible through the imple-
mentation of constructional measures:
» Heat and sound insulation. Solar and
glare protection

» Daylighting

« Natural ventilation and airtightness

In view of the building life cycle, how-
ever, other considerations need to be
solved also:

 Rain and windtightness

« Cleaning concept

« Fire protection strategy
« Functional reliability

The facade is one of the most important
components of a building and for this
reason one needs to be careful to adapt
facade design right from the start to
indoor climate and utilization require-
ments. As far as energy considerations
go, this can be done by means of a ther-
mal building simulation, a current simu-
lation or laboratory tests. During the
further course of planning, the facade
then needs to be detailed up to a scale
of 1:1. And, to test the creative effect
(i.e. how does it look?), a sample fa-
¢ade is frequently done for larger proj-
ects. This is the best way to judge the
impression that a building makes. Oth-
er than for building technology, individ-
ual fagade components can be neither
measured nor changed or optimised

Fig. C1.48 Natural ventilation concept for atria in the Lufthansa Aviation Centre/Frankfurt in Germany.

Architects: Ingenhoven Architekten, Duesseldorf

once the building has been completed
and is in operation. For this reason, it is
necessary to verify all theirimportant
characteristics in laboratory tests prior
to the production and erection of the fa-
cade. This includes testing for:

» Impact resistance

« Airtightness per element

« Ability to withstand climatic changes
« Stability considerations for loose
components

« Total energy transmittance for glazing
with solar protection
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Fig. C1.49 Constructional detail view of waste air flap for natural de-heating in the Lufthansa Aviation Centre/
Frankfurt. The waste air flap was especially developed for this project. In advance of being installed, it was
aerodynamically optimised for perfusion through water channel model experiments. Optimisation stages are
depicted in images 1 through 4. It can be seen that, through the use of a flow pipe, ventilation is characteri-
sed by less turbulence and thus becomes more energy-efficient. For the roof construction, this was achieved
by using a spoiler at 2 m distance to the roof opening. It makes sure that the flow can escape in an aerodyna-
mically advantageous manner, thus achieving greater ventilation efficiency than for conventional roof vents.

Waste air
from the Atrium
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Building Materials and Furnishings

Building materials emissions play a de-
cisive role for health and well-being of
the occupants, whether they are aware
of their influences or not. As a rule, the
materials used should be free of smells
and the following upper limits for envi-
ronmentally friendly buildings should
be adhered to:

« Total emission rate, volatile organic
compounds (VOQ): less than 0.2 mg/
m2h

» Emissions, formaldehyde: less than
0.05 mg/m?h

e Emissions, ammonia: less than

0.03 mg/m?h

» Emissions, cancer-causing agents
(IARQ): less than 0.005 mg/m?h

Since a building, once completed, only
offers very few options of changing in-
door air composition (one can merely
increase air exchange rates through
window ventilation), it is therefore im-

Beschichtungen auf Holz, innen
(Tiren, Wandverkleidungen etc.)

Melaminharzbeschichtungen
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nicht I6semittelhaltige Verklebung

JANSTRICHE

Verleimung mit PVAC-(WeiB)leim

Bestatigung durch Hersteller, bei groBen Mengen bei
DS-Plan einreichen
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(Wand und Decke)
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|
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frei von flichtigen organischen Substanzen (= 0 %
Losemittel), Aldehyden, Ketonen, freiwerdenden
Isocyanaten -> frei von Weichmachern, Bioziden und
schwermetallhaltigen Pigmenten (auBer gering toxische
Metallverbindungen wie Eisenoxid, -silikate, Titanoxide)

Produkt-Codes M-DFO1, MDF 03, M-SKOT und
(emissions- und) I6semittelirei* auf den Behltern,
Produkte bei DS-Plan prifen lassen

Fig. C1.50 Excerpt from a D&S Advanced Building
Technologies handbook for prime contractors
titled »Building Ecology«. Here: Requirements for
coatings and paints

portant to use low-emission or emis-
sion-free materials from the outset.
This, however, is easier said than done:
on one hand, many suppliers are un-
aware of the emission qualities or the
toxicological properties of the agents
that they deliver. On the other hand,
even the best ecological measures can
achieve nothing if undeclared auxil-
iary agents are used during mounting
and installation (synthetic resin dilut-
er, primers) or if, during end-cleaning,
cleanings agents are used that then
counteract and in no time render null
and void all the previously so carefully
implemented measures.

Only a few years ago, it was mainly
walls paints and carpet adhesives that
emitted most of the harmful substanc-
es. Meanwhile, there are a number of
solvent-free and low-emission products
for this materials group on the market,
so that there barely needs to be any
impact on indoor air anymore. Our main
focus, instead, needs to be on those
materials that are frequently consid-
ered much less:

* Metal coatings, e.g. iron oxide var-
nish and special effect finish for rails,
door frames etc

« Primers for foil bonding and re-jointing
« Close contact glue for carpet rims and
small floor covering parts

» Covering varnish for damaged power-
coated components

* Glue for mounting of insulation mate-
rials: systems engineering and fire pro-
tection

The list could go on since every single
constructional undertaking always
comes with a number of surprises as far
as unexpected auxiliary building mate-
rials go. This makes it all the more im-
portant to record as early as possible
all those materials and auxiliary materi-
als than can be expected to be used for
any and all of the finishing trades. Prior
to them being made available on the
market, they need to be fully declared
by the supplier and equipped with
safety certificates. Only then should
they be released. Of equal importance
is a monitoring of building site activity
to make sure that only those products
that were declared and released are
really being used. Otherwise, there is
always the danger of the entrepreneur
using some of his own warehouse sup-
plies. A good guideline can be found in
the prime contractor handbook titled
»Building Ecology«.

There are also primary-energy consid-
erations to be taken into account for
determining sustainability of a given
construction project. For this, we need
to take the entire building life cycle but
also materials life cycle into account
when selecting building materials and
deciding on manner of construction.
An excellent example for the wide-area
application of wood as a renewable
building material can be found in the
NRW (North-Rhine Westphalia) state
representation building in Berlin (Fig-
ure C1.51). When selecting the materi-
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Fig. C1.51 North-Rhine Westphalia state representation building in Berlin/Germany.
Architects: Petzinka Pink Technologische Architektur®, Duesseldorf

als to be used, interactions between
materials characteristics and the other
energy flows need to be considered
also. For instance, if local wood is used
as supporting structure, a huge amount
of energy for concrete or steel may be
saved, true. However, since heat stor-
age in wood is less than for concrete,
more energy needs to be expended

for cooling purposes each year. When
looking at the entire building life cycle
from an energy point of view, this re-
sults in a negative effect. One option
for adjusting wood heat storage capac-
ity to the level of concrete can be found
in figure C1.52. For wood support con-
struction, gypsum plasterboard plates
with PCM parts are used as an under-
lay. PCM (phase change material) is a
novel building material that stores heat
by changing its state of aggregation.

A layered ceiling made of pure PCM,
forinstance, of 1 to 1.5 cm thickness,
achieves equal heat storage capacity
as about 20 cm of reinforced concrete.
In this manner, an effective primary-
energy savings amount of 3 to 5% can
be achieved over the entire life cycle of
the building.

Other than for the building envelope,
which is exposed to heavy climatic in-
fluences, one may primarily fall back
on the use of renewable raw materials
for interior finishes. Local wood, forin-
stance, can be used for numerous slabs
and construction materials. Further,
you can use renewable raw materials to
replace numerous mineral-oil contain-
ing substances and fibrous insulants.
Even though insulants made of wood
fibre, sheep’s wool, hemp or flax are
not widely spread throughout the mar-
ket yet — most likely also on account of
the high prices — there are sheer limit-
less opportunities to use natural and/
or renewable materials for sound and
heat insulation as well as for indoor
acoustics. Let’s just think of the ceiling
pad for acoustic ceilings, or the impact-
noise insulation under the floor screed.
Rising crude oil prices have increas-
ingly rendered the replacement of min-
eral oils for building materials and coat-
ings more attractive. Synthetic resin
coatings and bitumen membranes
are already successful on the market,
where mineral oil has been replaced
with vegetable oil. If — as is usually the

case — technical equivalence is given

to conventional products, using build-
ing materials that are based on renew-
able raw materials should be a given for
Green Buildings.

Cross-sectional view: L
Carpet S0mm 3 D

Floor Topping 45mm
Raised Floor 120mm

|
L j

Reinforced Concrete 320mm 5 / I S A o
Ceiling with Concrete /9/4;‘_(/% L .s;_l;‘-f.m').ﬂ".d/. .!ﬂ
| 1

Core Activation

Reinforced Concrete Ceiling

Cross-sectional view:
Carpet 50mm |
Floor Topping 45mm
Impact-noise Insulation ~ 20mm
Wood Particle Board 20mm
Mineral Fibre Insulation ~ 40mm
Wood Beam -

Cross Lathing 20mm

Gipsum Plasterboard 35mm
Slabs with PCM

Wood Beam Ceiling

Fig. C1.52 Comparison of ceiling construction
approaches for either wood or concrete versions,
and for similar quality thermal storage capacities
and sound insulation.
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Indoor Acoustics

Fig. C1.53 Interior view of the Burda Media Park. Architects: Ingenhoven Architekten, Duesseldorf

Contemporary indoor acoustics de-
sign is characterised by its many facets
and its adaptability for fitting into an
overall design concept. However, the
best acoustic concepts can often be
undermined by other, energy-sensible
measures. Since neglecting acoustic
requirements can significantly impact
overall comfort levels, integrated so-

lutions must be found that include all
the comfort parameters for achieving
optimum room utilization and energy
targets.

For a good indoor acoustic effect,
absorbing elements are required inside
the room, the area sizes and absorp-
tion capacities of which are oriented on
prospective use. Figure C1.55 shows

recommended absorption area per user
zone, in respect to main area, according
to various stipulations and own expe-
riences. By adhering to these values,
good to acceptable indoor acoustic con-
ditions can be achieved.

In the higher frequency range from
about 800Hz, the presence of a carpet
usually already makes a sufficient con-
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Fig. C1.54 The Burda Media Park in Offenburg, Germany. Architects: Ingenhoven Architekten, Duesseldorf

tribution toward sound absorption. In
the same frequency range, sound con-
trol plaster, for instance, would also be
of help yet using both things together
does not result in an additional advan-
tage. A problem, rather, are medium
and low frequencies. In order to cater
to them, acoustics boards need to be
setat 5to 10 cm deep. For larger rooms
with less wall area, where the massive
ceiling spaces are used for improv-

ing thermal storage capacity in the
rooms, it is quite difficult to guarantee
indoor acoustic comfort. Solutions are
found by exploiting opportunities of-
fered by sound-absorbing equipment
like furniture. Roll container and side-
boards with perforated side walls, for
instance, wardrobes and cupboards
with perforated doors or, quite plainly,
open shelves with ring-binders all have
sound absorbing characteristics and
thus offer the desired comfort. Without
exploiting these potentials, however,
the development of an optimal, inte-
grated concept is impossible. Today

o
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Single Community
Office Office
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Classroom  Call Centre

Fig. C1.55 Parameters itemising the required
acoustically effective absorption area for different
utilizations

as in future, it is very rare to find an
energy-efficient building where room
furnishings do not serve at least a dual
function.

Naturally, acoustic effect is also sub-
ject to where and how, precisely, the
sound-absorbing objects have been
positioned inside the room by the occu-
pants. Depending on the specific re-
quirements and how complex the room
geometry is, either simple or complex
methods must be used for calculation
and design. Reception halls and lob-
bies, for instance, often will be used for
functions, too. However, speech intel-
ligibility is very heavily dependent on
the positions of both speaker and au-
dience. With a 3-D simulation model,
the parameters for speech intelligibil-
ity for every point of the room can be
determined, evaluated and even made
audible. These types of simulations
make sense either when there are dif-
ferent utilizations for different acous-
tic requirements for the same room, or
when architectural design — as is often

the case — has a significant influence
on sound distribution inside the room
(Figure C1.56). For the latter case, espe-
cially, alternative materials and furnish-
ing options can be investigated early on
and evaluated in respect to expected
speech intelligibility and indoor sound.
The effort for precise calculation of
sound distribution is minimal when
compared with the possibly very signifi-
cant loss of acoustic comfort that could
result if, for instance, a speaker cannot
be heard at every place in the audito-
rium or if music enjoyment in a concert
hallis hampered by bothersome echo
occurrence. Loudspeaker announce-
ment quality can also be determined
with those types of acoustic simula-
tions, which is important, for instance,
in case of emergency or evacuations
when one needs to make sure that what
is being said over the speakers is ac-
tually understood by everyone in the
room, even if the room is large.

A high thermal storage capacity is
very important for energy-efficient

Simulation 1: with soundproof ceiling,
good level of speech intelligibility only
possible for direct vocal exchanges

Simulation 2: with acoustic
ceiling, even distribution of
speech intelligibility

Fig. C1.56 Acoustic simulation results: lecture hall. The image on the
left shows quality readings for a concrete ceiling, on the right for sound-

absorbing ceiling design
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buildings. It leads to a balanced indoor
climate and also reduces cooling en-
ergy demand. Since, for most cases,
massive ceilings are used for this — on
account of their storage capacity — dif-
ferent areas need to be found for imple-
mentation of indoor acoustics mea-
sures. Just imagine if we were to cover
the massive ceilings with absorptive
materials. Thermal storage capacity
for the room would be lost, to a large
extent at least. This problem applies
especially for densely occupied rooms
with simultaneous high concentration
requirements. Typical uses are com-

Required
geometrical
absorption area
in % MUFA

Dual Office Open-plan

Office
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80

40

L ] 20

& Comfortable
Good

@ Insufficient
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munity and open-plan offices (Figure
C1.58). The available elements, aside
from the ceiling, are shown in the ex-
amples to follow. Figure C1.54, forin-
stance, depicts the Burda Medienpark
(Burda Editions Media Park). The rooms
are equipped with a thermo-active
storage ceiling and are very high. The
pendulum lamps are used, in combina-
tion with acoustic panels, as absorb-
ers. This results in a very good indoor
acoustic effect. Readings, subsequent-
ly taken at the company, were able to
confirm the predictions made. The vo-
luminous rooms, spanning four levels,

Fig. C1.58 Required absorption area for acoustic comfort in office rooms

Fig. C1.57 Examples
for acoustically
effective furniture:
table screen (left),
sideboard with
perforated door
(middle), Door with
micro drilling (right)

present reverberation readings of 0.6
to 1s. This corresponds to the require-
ments for meeting and office rooms.

Furniture is an excellent source of ac-
oustic attenuation. In conjunction with
carpet use, good reverberation times
can be achieved provided that the fur-
niture is selected carefully. Even a small
table screen can result in acoustic at-
tenuation right at the source, present-
ing an absorption surface of 1 to 1.5 m?
forthe medium and high frequency
ranges. And a sideboard with perforat-
ed door, for instance, when freestand-
ing and with the back against a wall,
can offer absorption areas of 2.5 to

3 m2. Nearly every vertical furniture sur-
face can serve as an acoustic absorber
if subjected to surface treatments like
slits and micro drilling (Figure C1.57).
Readings prove that, by choosing fur-
niture carefully under sound insulation
considerations, almost anything can
be achieved as far as acoustic comfort
goes.
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Fig. C1.59 Simple depiction of PCM functioning

Smart Materials or intelligent materi-
als are one of the prime considerations
in the development of construction or
integral approaches for resource-con-
serving buildings. The target here is to
improve or completely develop new the
characteristics of the materials in view
of their energetic and adaptive quali-
ties. In the sections to follow, we will
look at some examples of products that
are either on the market already or just
about to hit it.

PCM (Phase Change Materials) are par-
affins or salt hydrates that are capable
of changing their condition from a cer-
tain temperature. These materials, for
instance, change from solids into fluids
when they are heated and the critical
value has been reached. This means
that they act like a heat storage body
that can be loaded up from a certain
temperature onward (see Figure C1.59).
The critical value can be set according
to material composition, which makes
their application manifold. By adding

PCM to gypsum plasterboard sheets,
plaster or light ceilings, and depend-
ing on PCM proportion, a layer of 1 to
6 cm can achieve the same thermal
characteristics inside the building as

a concrete ceiling that is 20 cm thick.
This means that, even for lightweight
construction, light ceilings can achieve
large thermal storage capacity. Figure
C1.60 depicts the result of a building
simulation. Inside a room with a light
ceiling, operative temperature is higher
by 3°C than inside a room with a rein-
forced concrete ceiling and also inside
a room with a light ceiling with PCM.

Vacuum Facades The building enve-
lope offers a huge potential for the
further development of energy-effi-
cient construction if the following can
be achieved: to completely uncouple
it from the outdoor climate and thus
achieve an inner surface facade tem-
perature that remains at comfort level
year round. There are several prod-
ucts for vacuum insulation that have
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Fig. C1.60 Course of operative room temperature for different ceiling constructions

(from a building simulation)



been on the market for quite some time
and these are being used primarily for
special applications or for renovation
works. Aside from the good heat insu-
lation characteristics, it is also of ad-
vantage that they do not require a lot of
space: a vacuum insulation thatis 1cm
thick, for instance, can substitute 7cm
of mineral fibre insulation. It is also for

glazing that vacuum insulants are push-

ing into the European market these
days. Insulation values for vacuum in-
sulation glazing are better by 35% than
for triple glazing with argon filling. Hav-
ing said that, there is also the fact that
vacuum glazing is more than 25mm
thinner and considerably lighter. A deci-
sive disadvantage, however, and one of
the reasons why it is not being as wide-
ly used are the costs, which are much
higher than for conventional products.

Mineral coatings Selective coatings
are standard nowadays for neutral so-
lar protective glass in Europe. The aim

Fig. C1.62 Vacuum
glazing

Fig. C1.61 The coat of a polar bear collects sunrays and then acts as a transparent insulation material
to keep the heat inside the body. Dolphins are capable of swimming to rapidly with minimum energy
demand because the micro-structure of their skins reduces friction to a minimum

here is to allow the sun’s radiation fre-
quencies, which generate visible light,
to pass through. The other frequencies
that do not contribute to light genera-
tion — but merely possess heat-generat-
ing characteristics — are prevented from
passing. This function can be applied
also to hangings serving for sun protec-
tion but, there, not as a filter for radia-
tion transmission but for reflectance.

If these kinds of layers are applied to
aluminium ribs then the rib position
can be arranged so that better visibil-
ity results. This is due to the fact that,
even when the ribs are opened wider,
less solar heat hits the room and this,
in turn, means more effective sun pro-
tection.

Low-E Characteristics Every body or ob-
ject emits heat via convection or radia-
tion. If radiation emission to the inside
is reduced by means of low-E coating,
the surface is perceived as being cool-
er. These layers are especially suitable

Fig. C1.63 Solar protection with selective reflec-
tance layer. Creation by Warema Renkhoff GmbH

for the roofs of halls and industrial
buildings that heat up to a great extent
when sunlight hits them and that pass
on the heat to the occupied space be-
low. Through the coating of glass or
membranes, a construction approach
to lowering operative temperature in
the occupied areas can be achieved

— without the need for additional me-
chanical cooling.

Glass with self-cleaning properties

For glass with self-cleaning properties,
surface behaviour when compared to
conventional glass is different in such
a manner that dirt can only stick to the
surface with great difficulty and is usu-
ally for the most part washed off by the
rain. This prevents dirt from becoming
ingrained and facilitates cleaning. The
manufacturers aim to significantly re-
duce cost expenditure for cleaning of
the facades. There are three different
ways to make glass with self-cleaning
properties.

Fig. C1.64 Simply depiction of functioning for
a solar protective device with reflectance coating
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Fluorine or silicone based coating

with hydrophobic surface behaviour
The process, often referred to as »Nano
Technologyx, refers to coating differ-
ent kinds of surfaces with a fluorine-
silicone based material. A second, new
surface is added to the existing one,
which is mostly smooth. The fluorine-
silicone based material sticks to the
base and has a water and dirt resistant
effect. The nano coatings stick to the
surface as happens, for instance, with
paints. This means that they can be ap-
plied to many different types of surface
but, owing to aggressive environmental
influence, they only have a limited life
span.

Titanium Dioxide This pyrolite glass
coating is dually active and combines
two characteristics in order to achieve
its self-cleaning effect. Coating the
outside with titanium dioxide results
in decreasing surface tension (hydro-
philic) and therefore prevents drop for-

Fig. C1.65 Self-cleaning glass coating with
silicon-chemical compounds that allow for water
to drip off easily

mation. The water spreads across the
surface, as a thin aquatic film, and then
absorbs the dirt as it runs off. These
self-cleaning properties are reinforced
through a photocatalytic process (Fig-
ure C1.65). UV absorption by the tita-
nium dioxide layer generates oxygen.
In the process, organic dirt caking dis-
solves and less dirt can stick to the
surface.

Silicon-chemical compounds with
hydrophobic surface behaviour
Exclusively suited to glass, silicon at-
oms (a glass-typical substance) are
used as a coating that can be applied
to either newly manufactured or exist-
ing glass. By means of a photo-proc-
ess, under application of cold light, the
silicon is chemically bonded with the
glass and sealed. The surface structure
of the glass remains unchanged and
manufacturers state that the new seal,
which is water and dirt resistant, has an
extremely long life span.

Fig. C1.66 Micro-view of the skin of a shark,
which could serve as an inspiration for novel and
energy-efficient facade systems

99

Bionic materials and surfaces Over

the last few years, bionics has estab-
lished itself as an independent field

of science. Learning from nature has
now become a guideline for all industry
branches. In construction, it is mainly
roof support structure designers that
profit by discovering new approaches
to their design. For instance, they exam-
ine in detail such arrays as tree leaves
or the wings of butterflies. Nature of-
fers countless treasures for the applica-
tion to energy-efficient systems that,
when adapted to fagades, present nov-
el and innovative concepts. There are,
forinstance, already plans for develop-
ing breathing building envelopes on the
basis of amphibian skin microstructure.
These skins would be able to adapt to
changing climatic conditions without
sustaining any loss of energy.
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Natural Resources

An important target of Green Building
construction is to use as many natural
resources as possible. To what extent
this really can be done is very heavily
dependent on climatic conditions and
precise intended use. For central Euro-
pean climates, the following rules can
be considered as valid for the most pas-
sive use possible of natural resources:

Rule 1: The higher that thermal require-
ments are, the higher also are heat
and solar insulation requirements.

Thermal comfort requirements, as a
rule, are expressed in terms of mini-
mum room temperature in winter
and maximum room temperature in
summer. For office utilization, for
instance, minimum winter room tem-
peratures range between 20 to 22°C,
and ca. 25 to 27°C are the maximum
room temperatures desired in sum-
mer. Room temperature, in this case, TIEIE
is considered to be the combination ] : BT - S ‘
of surface temperature of interior : g A e o i:'."' e
walls and air temperature. This ; ' : i e "‘l‘,
means that in winter, there is also an
indirect requirement for high surface
temperatures, something that can

be fulfilled only with very good heat
insulation. In a similar way it means
that with the demand for comfortable
room temperature in summer, there
is also a demand for minimum sur-
face temperatures. This in turn can
only be achieved, via efficient solar
protection.

Fig. C1.67 Duesseldorf City Gate. Architects: Petzinka Pink Technologische Architektur®,
Duesseldorf
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Rule 2: Exploitation of passive
solar gains.

The easiest manner of minimizing heat
energy requirements through construc-
tional means is by using solar heat. This
can be done most efficiently for resi-
dential buildings since each residential
building usually has a warm area (living
room) and a cooler area (bedroom). If
zoning is done correctly, and also build-
ing orientation, then southern oriented
glazing is capable of capturing a lot of
solar heat. If construction is then done
in a massive type manner, storage of
this heat is favoured and the build-

ing may fall back on it during overcast
days. For other utilizations, passive
solar energy use may also be exploited.
Hotels, hospitals and care homes, for
instance, are very similar to residential
buildings when it comes to heat re-
quirements. In offices and educational
institutions, it is usually the work at

the monitor that prevents extensive us-
age of solar gains and these buildings
are often »loaded up« with sun over
the weekend. Frequently, an attempt

is made not to apply the solar gains
directly to the occupied rooms but in-
stead to adjacent buffer rooms like
atria or double skin facades that can be
closed. Figure C1.68 shows an example
of a closable double-skin fagcade, taken
from the office construction sector and
depicting the Duesseldorf city gate.
Measurements taken at the fagade
have shown that a 20% heat insulation

was achieved; this corresponds to an
approximate primary energy require-
ment portion for room conditioning of
about 5%. The closable fagade of the
Duesseldorf city gate, however, also
has some other characteristics that
allow for a total absence of radiators:
static load removal across two fagade

levels during high wind speeds plus el-

evation of inner surface temperatures.
For passive houses with residential
application, solar energy contributes
a much larger amount to overall build-
ing energy requirement since heat can
be more efficiently used for the above-
mentioned reasons. Depending on ori-
entation, the proportion is 30% in re-
spect to covering heat loss. When this
is applied to primary energy require-
ment for room conditioning, the corre-

Fig. C1.68 View of double-skin Fagade
of Duesseldorf City Gate
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Fig. C1.69 Heat balance of a typical residential
building (passive house)

sponding proportion is 20%. This high
rate clearly shows that, if solar gains
were not exploited, the small heating
energy requirement of 15 kWh/m?a for
passive houses in central European
regions would not be possible (Figure
C1.69).

Rule 3: Using building structure
as thermal storage.

Thermal storage capacity of a build-
ing significantly influences indoor cli-
mate and energy requirement. Extreme
examples, for instance, are container
buildings made of light materials or
old castles and fortresses with thick
walls. While, for light buildings, indoor
temperatures fluctuate almost simul-
taneously with outdoor temperatures,

Very good

Interior walls and
ceilings with storage
capacities =

Good
Ceilings with storage
capacities, light inner
walls

v d
—;
Bad I
Suspended ceilings ‘ — LJ e
(no storage capacity), ‘\: 1
light inner walls sl

Fig. C1.70 Layout of wall and ceiling arrangement
in respect to storage capacity for occupied rooms
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Fig. C1.72 Natural ventilation concept, cross-
section

thermal effects for massive buildings
(caused by outdoor climate) are often
only noticed much later or not at all.
Massive buildings, however, have the
advantage of being able to smooth out
room temperatures because room heat
does not only heat up the air of the
room itself but also the building mass.
Indoor temperatures therefore rise less
quickly than for light buildings. That
effect, however, also has some dis-
advantages: if, for instance, for room
heating, there must be outside energy
influx then it takes much longer for the
room to actually heat up. This is due

to the fact that building mass needs to
be heated up as well. For climates pre-
vailing in Northern and Central Europe,
storage capacity of a given building
may be used very effectively for either
passive room cooling or for lowering
cooling energy requirement. Night tem-
peratures are usually low enough dur-
ing the summer to allow for them to be

7| | ) | ‘fN’«w
— — e

Fig. C1.71 Natural
ventilation concept for
the Sekisui Building,
layout and cross-
section

Fig. C1.73 Sekisui
office towers in Tokyo/
Japan. Architects:
Kajama-Design, Tokio

used as a natural energy potential that
guides heat to the outside if it has been
stored in the building mass during the
day. This means that, on the hot day to
follow, there is a new cool mass present
that, again, may absorb the new room
heat of that day. In order to achieve a
noticeable effect, however, the build-
ing must have massive components. In
Figure C1.70, values for storage capac-
ity of rooms are itemized. This clearly
shows that, at the very least, ceiling
storage capacity must be maintained

if the room is to maintain a mentionable
inertia of room temperature fluctuation
levels. Further, we need to consider
that massive components only need to
have storage capacity up to 10 to 15cm
depth because, as a rule, during the
course of the day it is not possible to
activate a larger thermal mass.

Rule 4: Exploitation of natural ventila-
tion potential.

Natural outdoor air potential for ven-
tilation are enormous in the central Eu-
ropean regions. If used correctly, then
mechanical ventilation can be foregone
for more than 70% of the year without
restricting comfort levels. Depending
on conception, utilization behaviour
and comfort level, it may even be pos-
sible to ventilate naturally throughout
the entire year. Since outdoor tempera-
tures are frequently low during the sum-
mer, they also present a high potential
for reducing cooling energy require-

ment. Cooling, however, becomes dif-
ficult during the hot summer periods
when, even in central Europe, night
temperatures do not drop below 22°C.

In order to turn natural forces into
usable powers, concepts must remain
adaptable to changing outdoor air con-
ditions in respect to temperature, wind
velocity and wind direction. Today’s
buildings solve this problem either via
mechanical control of ventilation ele-
ments (opening width can be regulated
according to prevailing outdoor condi-
tions) or through manual operation of
different, adjustable ventilation open-
ings in the facade.

Not only in Europe, but also in Asia,
natural ventilation potential is an im-
portant consideration in building de-
sign. In Japan, for instance, the climate
may be more humid in summer than it
is in Europe. However, during the inter-
im period, there is absolutely a poten-
tial of between 25 to 40% for natural
ventilation and heating. Figure C1.73
shows the Sekisui House in Tokyo. Pre-
viously, that building had the usual ex-
haust air facade, which did not allow
for natural ventilation. Now, a naturally
ventilated double-skin facade was de-
signed. This allows for a solar protection
device to be positioned in front of the
thermal shell, leading to thermal relief
for the rooms. Depending on local cli-
mate, natural ventilation should be used
either as night ventilation or during the
interim period. Outside air can enter
via mechanically operated ventilation
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flaps, which are actuated in a natural
manner: in the middle of the building,
there are two large shafts that suction
off the air via the roof. In the roof re-
gion of the waste air opening, there is

a constant suction effect caused by
wind current. The resulting pressure dif-
ference from the wind forces, superim-
posed by the chimney effect, results in
air current through the building. In or-
der to ensure that each level receives an
equal amount of air, the overflow open-
ings leading from the office area to the
shafts must be arranged at different
sizes, depending on level and height ef-
fect. Flow balancing of the opening, as
experts call it, is calculated by means
of simulation technology.

A further example for an effective natu-
ral ventilation concept can be found in
the Playmobil Funpark (Figure C1.77).
This is a completely glazed hall, mean-
ing that heat and cooling loads must
be analysed very carefully. Usual cal-
culation procedures do not suffice for
these types of buildings when it comes
to defining optimum indoor climate.
The following are important criteria, in
this case, for determining both dimen-
sions and arrangement of heating and
cooling elements inside the room: cool
air drop at facades and the roof, venti-
lation loss via joints during high wind
speeds, local operative temperature in
occupied zones and thermal buoyancy.
Such detailed analyses require simul-
ation calculations for thermal-dynamic

Fig. C1.74 Interior view of the double-skin facade of the Sekisui Building
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Fig. C1.75 Ventilation arrangement during summer (cross-section)

behaviour of a building in relation to
system technology and natural venti-
lation concepts.

As part of the preliminary draft, dif-
ferent glazing variations were analy-
sed. The goal was to obtain an opti-
mum combination of minimum cooling
load, minimum cool air drop, minimum
heat load and investment and operat-
ing expenditures that are justifiable.
The best results were obtained with a
combination of solar protective dual
glazing in the facade and triple glazing
for the roof, also with a solar protec-
tive layer. Natural ventilation openings
are arranged throughout the fagade, for
one in order to ensure a good mixing of
indoor and outdoor air and, secondly,
to allow reaction to different weather
conditions. Forinstance, a light cross
draught may be perceived as comfort-

24

Fig. C1.76 3-D current simulation. Temperature and air velocity distribution

for winter operation conditions

able by someone sitting indoors, if out-
side temperatures are moderate at
around 20 to 25°C. The same type of
draught, when wind speeds are higher
or outdoor temperatures lower, may

be perceived as uncomfortable and,
hence, needs to be removed. In 