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Abstract

Starting with the Austrian OIB-directive-6 the calculated heating demand of the
energy-pass is compared to the Californian approach of energy-efficient homes. The
focus is put on the building envelope. The legislative background in both countries is

discussed.

Basis of pointing out the main differences of the Austrian energy-pass and the
Californian HERS rating are 4 examples in Austria (Traunkirchen, Baden,

Altenfelden and Schwarzenberg) and one example in California (San Francisco).

Both systems (of California and Austria) are not exchangeable to each other without
adapting certain parameters (e.g. reference model that gives the number of the
Austrian rating. It is necessary to adapt it otherwise insufficient improvements of the
insulation are done.) California divides the country in several climatic zones to take
this into account California has 2 different approaches (simple U-values) and HERS
rating. Nevertheless we all have to improve our home’s efficiency. HERS raters give
a good chance to check the whole house — from the building envelope to the
individual electrical appliances of the household. In Austria “Energieberater” do a
similar job, but the energy-pass can also be done by different professionals and

does not include household devices.

Heating costs of improved buildings can go down from about 7% of the annual
household income to 2% without changing the heating system. Better results can be

received, if renewable energy like solar thermal of biomass is used instead.
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3 Introduction

“The best energy is energy which is not used!” Spain advertises (European
Comission, 2011) on the European Commission Homepage. Energy-efficient homes
are a big approach not wasting energy for heating or hot-water. Several countries

thought about energy-rating-systems for residential houses.

There is the European Union with their legislative-basis of the “European Energy
Performance Directive EPBD” that has to become law in their countries. Austria
implements this European assignment with the Austrian “Energieausweis-Vorlage-
Gesetz EAVG” and the OIB-directive-6.

Also the United States deal with that topic. California considers herself as the

national leader in promoting energy efficiency (HERS-Booklet, 2011).

This master thesis will point out the main differences of both specifications with

examples.

4 Abbreviations

o AN parameter for compactness of a building

e BGF Bruttogrundflache (gross floor area)

e CBSC California Building Standards Commission

e CFA conditioned floor area

e CCR California Code of Regulations

o CZ climate zone

e EAVG Energieausweis-Vorlagegesetz

e EEB Endenergiebedarf (final energy demand)

e EPBD European Energy Performance Directive

¢ GEQ calculation program for the Austrian energy-pass

e HDD heating degree days (abbreviation used in California)

e HERS Home Energy Rating System

e HGT Heizgradtage (abbreviation used in Austria) — heating degree
days

Page 8



Master Thesis

MSc Program
Renewable Energy in Central & Eastern Europe

e HDD heating degree days (abbreviation used in the USA)

e HTEB Heiztechnikenergiebedarf (specific energy demand of the
equipment of a heating system)

¢ HWB Heizwarmebedarf (heating demand)

o | characteristic length

o NEEAP national energy efficiency action plan

o OAL California Office of Administrative Law

e« OIB Osterreichisches Institut fiir Bautechnik

e OOBauTG Oberosterreichisches Bautechnikgesetz

e RESNET Residential Energy Services network

e SHGC solar heat gain coefficient

e TDV time dependent value

¢ WWWB Warmwasserwarmebedarf (hot water heating demand)

5 Description of method  of

approach applied

This master thesis of the MSc Program “Renewable Energy in Central & Eastern
Europe” shows an elaboration that compares the implementation of the European
Performance Directive in Austria (Energieausweis-Vorlage-Gesetz EAVG, OIB-
directive-6) and the analogous regulations in California (Californian Home-Energy-
Rating Program. To find the differences | calculated the Austrian “Energieausweis”
(energy-pass) with the calculation-program “GEQ” (GEQ, 2011) for 4 examples from
Austria (Upper Austria, Lower Austria) and 1 example from California:
e 1°step: analysis
e 2" step: Improvements of the insulation (if necessary) are shown with a
second calculation of the energy-pass.
o 3" step: check, if the results fit to both national regulations
e 4" step: improvements and their results are discussed comparing the
necessary money for heating energy with the mean household budget in the

individual cases.

Theoretical basis of the analysis is the literature-comparison of the legislative

concerning energy-efficiency for residential homes of both countries.
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Finally the main differences with the help of the examples are pointed out.

6 The European basis for energy-

efficiency-regulations

Austria is part of the European Union since 1995. In 1993 there was the first
directive “SAVE” (DIR 1993/76/EEC, 1993) to use energy certifications for buildings
within the European Union. The focus of this directive was the reduction of carbon
dioxide emissions. Therefore the member states were obliged to implement energy
certification programs for buildings. Long-term programs should be installed to

promote effective thermal insulation for new buildings.

Because one third of the European energy consumption is caused by buildings-
related services (EU-LEGIS 2002/91/EC, 2002) the European Union foresees
initiatives to support savings in this field. The commitments under the Kyoto Protocol
and the aim of security of supply — to get out of the dilemma to need energy from
outside the European Union — were the aims why this directive was released. The
member states of the European Union have to put four major topics of this directive
(EU-LEGIS 2002/91/EC, 2002) in their national law:

¢ Methodology for calculating the integrated energy performance of buildings

¢ Minimum standards on the energy performance of new buildings and existing

buildings (to be renovated)
e Systems of the energy performance of new and existing buildings

e Regular inspections of installations

In April 2006 a new directive “energy end-use efficiency and energy services” (DIR
2006/32/EC, 2006) of the European Union was released repealing directive
93/76/EEC with the aim to increase the cost-effective improvement of energy end-
use efficiency. The member states have to reach an energy saving target of 9 %
(EU-LEGIS 2006/32/EC, 2006) within a national energy efficiency action plan
(NEEAP). Furthermore the European countries have to develop energy auditing
systems for final customers, what can be done to improve energy efficiency. The

installation of the customer’s own meters is necessary to reach amendments.
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Directive 2010/31/EC “energy performance of buildings” (EPBD) from May 2010 is
now the next step in the European legislation [ (DIR 2010/31/EU, 2010), (EU-LEGIS
2010/31/EC, 2010)]. The deadline for the member states to put the directive to
national law is 9" of July 2012. With this paper the European Union wants to
promote the energy performance of buildings and building units. The methodology
for calculating the energy performance of buildings has to include defined elements
(e.g. thermal characteristics, lighting, air-condition, hot water supply, heating
insulation...). For new buildings a feasibility study is needed before construction
starts, to analyze the possibilities for renewable energy supply systems. Minimum
standards have to be fulfilled and checked every 5 years. For existing buildings also
minimum targets have to be reached to increase better total energy efficiency.
Nearly zero-energy buildings should be promoted, too. All new buildings should
meet this criterion from 31th of December 2020. The member states have to work
out national plans with intermediate mile stones to reach those goals. The usage of
Energy performance certificates is concretized. The new directive repeals directive
2002/91/EC.

Methodology for
calculation

Minimum standards
Systems for energy

certification

Regular inspection
of certain
installation facifities

Directive 1993/76/EEC Energy certification of buildings

of Council of European Billing of heating, airconditioning and hot water costs

Community: to limit on the hasis of actual consumption

carbon dioxide Thermal insulation of new buildings

emissions by Regular inspection of boilers

impreying. energy Energy audits of underfakings with high energy

efficiency (SAVE) consumpfion

' 4 =

Directive

Directive 2002/91/EC SrecheaReE 2010/31/EC of

of European of . European European

Parliament:  Energy Parliament: . | Parliament:

performance of E':‘E’mf Services Energy Performance

buildings (DIR Directive ESD (DIR of Buildings (DIR

2002/91/EC, 2002) 2006/32/EC, 2006) 2010/31/EU, 2010)

7/

Certification of
v efficiency
of burldings

equivalent fo
energy audis of
smaller firms

Figure 1: Directives of European - relevant for energy efficiency of residential houses [own

illustration based on (EU-LEGIS 2002/91/EC, 2002)]

Methodology  for
calculating energy
performance  of
buildings

Setting mimmum

requirements
Nearly ZEro-
energy buildings
Financial
incentives and
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6.1 Austrian regulations for energy efficiency

The Austrian EAVG (Energieausweis Vorlagegesetz, (RIS EAVG, 2006)) is the
implementation of the EBPD (Energy Performance of Buildings Directive)
2002/91/EG (DIR 2002/91/EC, 2002) on European Level. The Austrian energy pass
is obliged in case of selling, renting or leasing of houses. The energy pass is needed
for information and valid for 10 years. The law came into force in January 2008,

when all federal states have implemented their individual energy pass-regulations.

The EAVG was also implemented with several federal state laws, like Bauordnung

or Bautechnikverordnung that differ a bit from federal state to federal state.

To harmonize the law concerning building-energy-efficiency within Austria the OIB-
directive-6 from the “Osterreiches Institut fiir Bautechnik” was made valid with
special regulations in each individual Federal State law. So Upper Austria included
the directive with the OOBauTG and Lower Austria with the NO BTV.

Upper Austria — as first province of Austria - takes directive “SAVE” (DIR
1993/76/EEC, 1993) into account in their OO. Bautechnikgesetz in 1998 (OO.
BauTG, 1994) with §39 chapter “Energieausweis” (energy pass). Also the EPBD-
directive (DIR 2002/91/EC, 2002) causes an update of this federal law.

Lower Austria goes a similar way. 2008 with the necessity of harmonizing the
technical demand, there were effects in their NO Bauordnung in 2008 (NO BO 1996,
2011), NO Bautechnikverordnung 1997 (NO BTV 1997, 2010) and NO
Gebéaudeenergieeffizienzverordnung 2008 (NO GEEV 2008, 2009). NO GEEV 2008

deals with energy-saving and defines the essential usage of the energy-pass.

Page 12



Master Thesis
MSc Program

Renewable Energy in Central & Eastern Europe

OIB-Directive 6

,,,,,,,,,,,,,
Federal State Law W
Upper Austria J Lower Austria

v .
Update of OOBauTG
with LGBI. 103/1998

Energy pass in §39

A

4
Update of 00BauTG with LGBI
34/2008

Affected regulations in OIB6-
Directive
Energy pass also needed for:

renovation

4

Update of NO BTV with

LGBI. 8200-73 (2009)

!

Update of NO BO with LGBI. 8200-

15 (94/08)

o $§4: energy-pass as a
document to describe the
energy-efficiency of a
buildina

v
NO GEEV 2008 with LGBIL 8201-
170
e Refers to OIB6-Directive
and to directive
V-~

Figure 2: Law in Austria for building-energy-efficiency concerns (own illustration)

6.1.1 Details of OIB-directive-6

The OIB-directive-6 (OIB-Richtlinie 6, 2007) is also called “Energieeinsparung und

Warmeschutz” (saving of energy and thermal protection). This Austrian directive

describes several specifications for residential and non-residential buildings. By the

beginning of 2012 a new version of OIB-directive-6 will come into force. A draft

(OIB-Draft, 2011) is already available.

The focus in this master thesis is concentrated on residential buildings. So the

requirements of the actual OIB-directive-6 can be summarized by:
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1. Definitions
E.g. used parameters of the OIB-directive-6 are summarized within this
chapter.
2. Heating and cooling demand
a. Heating demand HWB (Heizwarmebedarf) for new buildings with

maximum of 66,5 kWh/m?a:

2,5
HWBBGF,WG'max'Ref[kWh/mza] = 19 * (1 + _l )
Cc

(Note: The new OIB-directive-6 valid from 1st of

January 2012 will have lower limits:

HW B e wemaxres [KWh/m?a] = 16+ (1+2) with a

c

maximum of 54,4 kWh/m?Za)

i. HWB is referred to the conditioned gross floor area BGF
(“Bruttogrundflache”) and the reference climate (the same all
over Austria with heating degree days HDT = 3400 °Kd)

ii. lc ... characteristic length as a parameter for the relevant
geometry

Vs

Ap

1. Vjp ... conditioned gross volume

Ic

2. Ag ... surface of the thermal building envelope
The larger the characteristic length, the more compact
is the construction. That means, that less energy is
needed to heat the building, when the surface of the
building is as small as possible.
iii. 8 kWh/m?a has to be reduced when there is a ventilation
system with heat recovery installed.
b. For buildings after larger reconstructions the heating demand has to
be smaller than 87,5 kWh/m?a for projects from 2011 (also valid for

the upcoming OIB-directive-6 in 2012) with the following formula:

2,5
HW Bpgrwe max,ref [KWh/m?a] = 25 * (1 + 7 )
Cc

3. Thermal quality of buildings
a. LEK-value (“Linie europaischer Kriterien” (Fachbegriffe-LEK (2011)))

is used for the description of the thermal protection of buildings:

LEK = 300 ( )
*
(2 f lc)
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i. Un ... medium U-value of the building envelope
ii. ls ... characteristic length as a parameter for the relevant
geometry
iii. examples:
1. Low energy house: 20
2. Passive house: 10
iv. OIB-directive-6 foresees the following LEK-values:
1. New residential buildings: maximal LEK = 27
a. If ventilation system with heat recovery is
installed, the maximal LEK is 31.
2. For buildings after larger reconstruction: maximal LEK
=36
b. To take into account the local climate situation of a building the
maximal LEK-value is defined with “heating degree days” HGT
(“Heizgradtage”) of the building location:
LEKstandore = LEKmax * 3400/HGTsrandore
i. HGT [Kd] ... heating degree days (Fachbegriffe-HGT, 2011)
are the sum of the daily difference between the average
temperature inside the house and the average outside
temperature — calculated across all heating days within the
yearly heating period.
4. Final energy demand EEB (“Endenergiebedarf’) has to be smaller than:
EEBpgrwe <
HWBgGr we,max,iocal
+WWWBger
+1,05 * HTEBggr we ref
i. HWBggr w6 maxiocal --- HWB under local conditions:
HW B wemaxiocal = HWBgGrwe maxrer * HGTiocar/3400
i. WWWBger Hot water heating demand
(“Warmwasserwarmebedarf’) based on the gross floor area.
ii. HTEBggrwerer --- Specific energy demand of reference
equipment of a heating system based on the gross floor area.
5. Heat transmitting construction components:
a. In addition to the definition of HWB and EEB the following U-values
listed in OIB-directive-6 (OIB-Richtlinie 6, 2007) have to be taken into
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account (similar limits will be valid for the upcoming version of the

OIB-directive-6):

Table 1: Construction Components with U-value (OIB-direction-6) - (OIB-Richtlinie 6, 2007)

Construction Component

U-value [W/mK]

external wall (towards outdoor air) 0,35
small external wall (< 2% of the surface of

the building towards outdoor air) - e.g.

dormer 0,7
separating wall between different living-

areas 0,9
walls towards not-conditioned (but frost-

free) building parts 0,6
walls towards not-conditioned attic 0,35
walls towards other buildings at the site

boundary 0,5
walls to ground 0,4
Windows towards not-conditioned building-

areas 2,5
Windows towards outdoor air 1,4
other glass-areas towards outdoor air 1,7
skylights towards outdoor air 1,7
other transparent horizontal building-areas

or situated in the pitch of the roof 2
ceiling towards outdoor air / attic - not

isolated or ventilated / pitch of the roof

towards outdoor air 0,2
inner ceiling towards not-conditioned

building parts 0,4

6. Energy systems

a. There are specific standards to fulfill for isolating pipes and lines

(heating and hot water).

b. Heat loss is to be reduced by the use of heat storage tanks.

7. Other requirements:

a. Minimize thermal bridges.

b. Airtight and windproof construction

c. In summer overheating of buildings is to avoid.

8. Energy pass

a. The Austrian energy pass (“Energieausweis”) consists of
i. Scale of efficiency on the first page with HWBggrret —

calculated for reference climate conditions. The following

categories can be shown:
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Category A++:
Category A+:
Category A:
Category B:
Category C:
Category D:
Category E:
Category F:

© © N o g bk owbd =

Category G:

HWBggr rer < 10 kWh/m?a
HWBagr rer < 15 kWh/m?a
HWBagcr rer < 25 kWh/m?a
HWBsgr rer < 50 kWh/m?a
HWBagr rer < 100 KWh/m?a
HWBgcr rer < 150 KWh/m?a
HWBgcr rer < 200 KWh/m?a
HWBggr rer < 250 KWh/m?a
HWBGcr rer > 250 kWh/m?a

The rating can be summarized to:

1. Passive house: A++

2. Lowest energy house (Niedrigstenergiehaus): A, A+

3. Low energy house: B

Energieausweis fiir Wohngebaude

ChORiA M R
urd Richi finks 100100

:

Esast
Crtastralgemainds
A
Eriageatl
Grundd dei

gt
Austefunjsdatan
Gl ke datum

Uraerscheift

it
izf

Figure 3: first page of Austrian energy-pass (OIB-Richtlinie 6, 2007)

Page 2 of the energy-pass shows the detail results

Page 17



Master Thesis
MSc Program
Renewable Energy in Central & Eastern Europe
iii. The appendix of the energy pass shows the used standards
and calculation basis.
b. Minimum information given by the Austrian energy-pass:
i. HWB of the building and the comparison to a reference
climate
i. HTEB of the building
iii. EEB of the building
iv. Measures to improve the EEB of the building with a technical

and economic view.

7 California Legislation — relevant

for energy-efficient buildings

7.1 Legislation basis — valid all over USA

In 1995 the Residential Energy Services network (RESNET) (RESNET, 1995) was
founded by the National Association of State Energy Officials and Energy Rated
Homes of America with the aim to develop a national market for home rating
systems. Those standards are the basis for several programs of the federal
government for verification of building energy performance, e.g.:
o “ENERGY STAR”-program (RESNET - HERS, 1995) of the Environmental
Protection Agency

o The HERS' Index of a house points out, if the home meets the
ENERGY STAR performance guidelines. It is called a home energy

rating tool, which makes different homes comparabile.
= RESNET defined a label — called “HERS Index” which

compares an individual home with a HERS reference home

" HERS ... home energy rating system
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HERS® Index

<l More Energy
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Figure 4: HERS Index - (RESNET - HERS, 1995)

= The index of 100 shows the scale basis. The closer the index
moves to the zero-Energy-Home with a value of zero, the
more energy-efficient is the house. 1 point reduction means
1% off the energy consumption of the Reference-House.
o Therefore construction plans are analyzed, also onsite inspections
are done (e.g. blower door test).
0 The usage of those standards are voluntarily but is also necessary
when mortgages are needed.
e Program of the U.S. Department of Energy’s Building America Program

e Federal tax incentives

7.2 Legislation basis — focus on California

The California Office of Administrative Law (OAL) publishes the regulations of the
state California with the California Code of Regulations (CCR). There are 28 titles
within these regulations. Those regulations are adapted by state agencies when
there are necessities for changes e.g. because of new state laws or clarifications.

The 24" title (Guide - Title 24, 2010) of the CCR is called “Title 24” is relevant for
building-issues (e.g. construction, installations) and called “California Building
Standards Code”. The California Building Standards Commission (CBSC) -
consisting of 10 members (e.g. architect, mechanical engineer) — appointed by the

Governor of California — has the responsibility for modification of this part of the
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CCR. Cities and counties with their different climatic conditions throughout California

are allowed to be much stricter in their building-regulations as Title 24.

Title 24 is divided in several different parts:

Part 4, Parc 11,
California California
Part 2, Part 2.5, Mechanical Part 5, Part 9, Green
California California Code California California Fire EBuilding
Building Code, Residential Code Plumbing Code Standards
Volume 1 Code Code

!
|
D UM N gz |

]
&
=
»
B
]
-
=
=
28
]

1063 TEMELIIN MNRITTVO 01

1609 9XI0UNE VINEOHITY

Part 6, California
Part 1. Energy Code Part 12,
California Part 2 California Reference
Building California Building Standards Code
Standards Code, Volume 2 with Part 3,
Administrative Parts 8 and 10 California
Code Electrical Code

Figure 5: Parts of Title 24 (Guide - Title 24, 2010) — part 7 is currently vacant.

Part 6 of Title 24 focuses on energy-topics and is named “The Energy Efficiency
Standards for Residential and Nonresidential Buildings”. In 1978 the Energy
Efficiency Standards for Residential and Nonresidential Buildings (CAL-
2008Standards, 2008) were written down to give the legislative basis reducing the
energy consumption in California. To take into account changes of the last years the
California Energy Commission regularly do some adoptions to the Building Energy
Efficiency Standards of the California Code of Regulations (CCR). 2008 was the last
update for the so called 2008-Standards. On the 1% of January 2010 the current
standards (2008) went into effect, which means, that each building with building
permits after this date, have to follow those 2008-Standards. The California Energy
Commission stated several reasons adopting the 2008 changes to the Building
Energy Standards (CAL-2008 Energy Commission, 2010):

1. “To provide California with an adequate, reasonably-priced, and

environmentally-sound supply of energy.
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2. To respond to Assembly Bill 32, the Global Warming Solutions Act of 2006,
which mandates that California must reduce its greenhouse gas emissions to
1990 levels by 2020

3. To pursue California energy policy that energy efficiency is the resource of
first choice for meeting California's energy needs.

4. To act on the findings of California's Integrated Energy Policy Report (IEPR)
that Standards are the most cost effective means to achieve energy
efficiency, expects the Building Energy Efficiency Standards to continue to
be upgraded over time to reduce electricity and peak demand, and
recognizes the role of the Standards in reducing energy related to meeting
California's water needs and in reducing greenhouse gas emissions.

5. To meet the West Coast Governors' Global Warming Initiative commitment
to include aggressive energy efficiency measures into updates of state
building codes.

6. To meet the Executive Order in the Green Building Initiative to improve the

energy efficiency of nonresidential buildings through aggressive standards.”

7.3 2008 Building Energy Efficiency Standards -

focused on residential buildings

The California Energy Commission describes in her paper “regulations / standards:
2008 building energy — efficiency standards for residential and nonresidential
buildings” (CAL-2008 Energy Commission, 2010) and in the paper “2008 building
energy efficiency standards — commission manual” (CAL-2008 Manual, 2008) to
describe their standards for low-rise residential buildings. The aims of those
standards are:

¢ reducing the energy costs

¢ Increasing the availability of electricity (to reduce the electric demand!)

¢ More comfort of energy efficient homes

e Economic benefit, reducing global warming

e Reducing the impact of buildings to our environment.

New homes have to follow those latest building-energy-efficiency standards.
Mandatory measures have to be fulfilled. There are two methods for complying with
low-rise residential energy budget described in the Commission Manual (CAL-2008
Manual, 2008):

a) Prescriptive approach: is the simplest way

Page 21



Master Thesis

MSc Program

Renewable Energy in Central & Eastern Europe

Choose from several packages (C, D, E) with individual parameters
for different components of the building
i. Package C: allows electric resistance space and water
heating systems
ii. Package D: (is also the basis of the performance approach)
iii. Package E: defines wusage of high-energy-efficient
components
Little flexibility — but easy
The individual prescriptive packages regulate the necessary
insulation of each building component. To meet these requirements,
there are two possibilities:

1. Install the necessary installation (from the limit-listing
of the Commission Manual) in wood-framed
construction. The regulations for package C call for
more insulation.

2. Use lower U-values than the according U-values in the
Reference Joint Appendix JA4 (JA4, 2008), that are
referred to wood-framed constructions. Then it is
possible to use different assembly as mentioned in the

paper JA4.

b) Performance approach: more complicated

Design flexibility possible

An approved computer program is needed to determine the annual
Time Dependent Valuation (TDV) energy. The software calculates
what type of energy that is when used (electricity, gas, etc.)
Computer models get the energy budget for space conditioning and
uses package D of the prescriptive package. During the calculation
better values can be achieved, but each assembly has to meet
minimum R-values / U-values, that are defined with “mandatory

measures” in the Compliance Manual.

The house builders have to follow the “Guide to California Climate Zones” (CLIM,

2011) to get the right parameters for the climate data (e.g. temperature, wind speed

etc.): 16 climate zones (CZ) were established (CZ, 2011), that represent an energy

budget as a threshold of the maximum amount of energy a building can be built to

consume per year:
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e CZ1: Arcata

e (CZ2: Santa Rosa
e (CZ 3: Oakland

e CZ4: Sunnyvale

e (CZ5: Santa Maria
e (CZ6: Los Angeles
e CZ7:San Diego

e CZ8:ElToro

e (CZ9: Pasadena

e (CZ10: Riverside

e CZ11: Red Bluff

e (CZ12: Sacramento
e (CZ13: Fresno

e CZ14: China Lake
e (CZ15: El Centro

e (CZ16: Mount Shasta

Figure 6: Climate zones in California (CLIM, 2011)
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Similar as in Austria low-rise buildings need a permit from the local enforcement
agency before building. The agency checks the plans and specifications and also
verifies the compliance with the Building Energy Efficiency Standards. After finishing
the building the enforcement agency approves the final house with the certificate of
occupancy. In some cases (e.g. heat pumps, air condition systems, building
envelope sealing, low leakage ducts etc.) third party inspectors (HERS rater) are

invited to do special tests or verifications.

The building envelope has to fulfill several features: e.g.
e Fenestration:

o Package C sets U-factor = 0,38 for all California climate zones

o Package D sets U-factor = 0,40 for all zones

o0 Package E: for climate zone 5 and 6 there are special solar heat gain

coefficient-requirements needed (SHGC = 0,40)
= SHGC (Window, 2011) is used in the USA and describes the

increase of the temperature inside a house/room by solar
radiation. The lower SHGC the less is the solar gain. SHGC is
the fraction of incident radiation going through the window.

= |n Europe the G-value (solar factor) is used as a percentage.

7.4 Home Energy Rating in California

The California Energy Commission (CAL-HERS, 2011), (HERS-regulations, 2009) is
responsible for implementing a HERS-program in California. Therefore few software
products — used for rating — are certified, when they are in compliance with the
HERS Regulations. Only specially trained HERS-raters are allowed to do the

ratings.

California has developed a “Whole-House Home Energy Rating” (HERS-Booklet,
2011) to analyze the efficiency of the entire home (new and already existing homes).
The rating is also called California Home Energy Audit, which is based on an
inspection of the home by the HERS-rater. The California Energy Commission

(HERS-manual, 2008) defines the requirements for HERS-software and the raters.
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The owner of the rated buildings gets a report and recommendations (e.g. test and

seal air leaks in building envelope, increase attic insulation) for cost-effective

improvements:
Poar Y0UR HOME Best
Energy Energy
Perlormance Performance
w0 M W "o o1
Range for typical existing home 101 -250 High Eneroy Efficizncy ( Solar Home
2008 Standards New Home Net Zera Enrgy Home

Information goes here on
compliance with other
programs:

Qualifying Information Goes
Here:

HERS Provider
andf/or Sponsor
Co-Branding Logos Go Here:

| Site Information
Address
123 Jones Street
Anywhere, Califarnia 9410x
General Information
Conditioned Floor Area 2,200 ft*

Energy Impact Official California Home Energy Rating
in canfarmance with the requirements of the California
Energy Commission

. goviHERS frul

@

Greenhouse Gas Emissions
Carbon Dioxide xxx tons/year

Energy Consumption
Electricity (k¥Whiyear)

idacuments

Cooling Bedrooms 4
Lights . House Type Single Family
Appliances Py Foundation Type  Slab-on-Grade
Total =

Natural Gas {therms/year) Energy Efficiency Features

HERS Provider:

Space Heating £ Insulation
‘Water Heating Ceiling B9 Acme Energy Rated Hamas
Total Wall R-11 934 Energy Efficient Way
Operating Cost {§lyear) Floor ever crawlspace  Mone Fower Junction, California
Electricity .y Slab Edge  Naone www.AcmeEnergyRatedHomes com
Gas =t Windows
Tatal e Frame Aluminum Rating Information
Renewable Energy Production Glazing  Single Raring Number ocesrrey
Naone Heating System Certified Rater  EEH, Inc.
Ancillary Energy Uses Gas furnace, 0.80 AFUE Stockon, A
Swimming pool Unsealad air distribution ducts Rating Date: January dd, yyyy

Spa
Landscape lighting

Cooling System
Mane

‘Water Heating System
Gas storage type, 0.52 EF

Rater Signature Date

Figure 7: official California Home Energy

Rating Certificate with the seal of the California

Energy Commission (HERS-Booklet, 2011)

Here again — similar to the US-energy-star-version: The lower the HERS index (out

of a 250 point scale) of the house the more energy efficient is the building. An index

of 100 is the rating of the reference building of California’s 2008 Building Energy
Efficiency Standards. The California HERS index is defined (HERS-manual, 2008)

by:

With:
d TDVRated
[ ] TDVPV

e TD VReference

TDVratea — TDVpy

HERS Index =
TDVReference

x100

TDV (Time Dependent Value) energy of the rated
home [kBtu / year]

TDV energy produced by on-site PV-systems of other
renewable energy systems [kBtu / year]; when not
including on-site-generation, then the value is set to
zero.

TDV energy of the reference home [kBtu / year]
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Modeling rules are defined by the California Energy Commission.

Energy bills can be analyzed in that way, that the data is put into relation of the

outdoor temperature data to differ between monthly and yearly energy-demand.

There are federal tax credits available, HERS rating is needed. Also loan programs
(e.g. Energy Efficient Mortgage — EEM), that are specialized to energy efficiency

improvements, need the HERS rating of an certified rater.

8 Calculation of energy efficiency

4 building-examples in Austria and one example from California were chosen to
focus on the differences of both legislative energy-efficiency- basis in Austria and

California. The Austrian houses are marked in the following map.

weekend-fc\u_me - Klaffer;

s -~
e ) g
' family home - Altenfelden

Mihchen/ &

A

\-{E 4 f\L mghcme';/Traunli(
Viimaa e o \’/\_ o
N it / f{‘_w {7 \5

chtenstei

X

Figure 8: Austrian examples for the Austrian energy-pass-calculation (Google Earth, 2011)
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Table 2: parameter of the used examples (own table)

Schwarzenberg / San Francisco /
Location Traunkirchen Baden Altenfelden Hochficht California
general information:
federal country Upper Austria Lower Austria Upper Austria Upper Austria California
built 1992 2010) 1979 1910) 1961
sea level [m] 580 237 580 630 154
HGT [Kd] 4,038 3.389 4,158 4.220 1.921
standard outdoor temperature [°C] 14,3 |- 125 |- 159 (- 153 not necessary
temperature inside house [°C] 20 20 20 20 20
hot-water with ... heat pump air heating pump gas wood-stove gas
heating with... heat pump air heating pump gas wood-stove gas

8.1 Calculation of energy efficiency with the Austrian

the “energy pass”

methodology

(Energieausweis)

The detail energy-pass-calculation is included in the appendix. Basis of the
calculation is the actual OIB-directive-6 (side-step to the upcoming version in 2012

is included).
8.1.1 Example 1 —single family house in Traunkirchen / Upper Austria

The first calculation example is an insulated log-home built in 1992 situated on the
northern slope of a hill next to the Traunsee in Upper Austria. The sea-level is about
580 m (DORIS, 2011).
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Figure 9: position of the single-family house in Traunkirchen (Google Map, 2011)

The house is used the whole year and heated by a heat-pump. Hot water is also

generated by this heat-pump.
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Figure 10: garden-view to the building (Traunkirchen), (own photograph)

The relevant U-values for the Austrian energy-pass show now the following situation

(using building plans and information of the house owner):

Table 3: U-values of the building in Traunkirchen and their corresponding limit of the OIB-
directive-6 (own calculation based on energy pass calculation with (GEQ, 2011)

limits of Austrian OIB-

Construction Compound (Traunkirchen) U-values [W/m?K] directive-6
ceiling towards unconditioned attic 0,163 0,20
external wall (towards outdoor air) 0,251 0,35
wintergarden (non-glass-part) 0,855 0,70
pitch of the roof 0,169 0,20
windows and door 1,098 1,70
ground-floor (wintergarden) 0,235 0,40
ceiling towards unconditioned cellar 0,196 0,40
external wall (towards non-heated areas) 0,246 0,35
external wall (towards non-heated wintergarden 0,246 0,35

The individual construction-compounds still fit to the actual values of the OIB-

directive-6. Only for the non-glass-winter garden-part with very few square-meters

has a slight difference to the today-requirement.

The house is rated with “C”:
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SPEZIFISCHER HEIZWARMEBEDARF BEI 3400 HEIZGRADTAGEN {REFERENZKLIMA)

HWB-ref= 36,0 KkWhim®a

Figure 11: rating of building in Traunkirchen with Austrian energy-pass (own calculation based
on (GEQ, 2011))

When we compare the calculated HWB, the almost 20 year old building still fulfills
approximately the thermal requirements of the actual OIB-directive-6 for new

houses:

Table 4: HWB-details for the calculated HWB for the reference-climate as well as the location
itself (own calculation based on (GEQ, 2011))

HWB-details [kWh/mZ2a]:

BGF [m?] 207,20

conditioned gross volume [m?] 634,84

surface of the thermal building envelope [m?] 484,06

characteristic length [m] 1,31

compactness (A/V) [1/m] 0,76

calculated HWB_(BGF, Ref) [kWh/m? a] 55,97

heating demand (reference) per year [kWh] 11597
calculated HWB_(BGF, local) [kWh/m? a] 61,89

heating demand (local) per year [kWh] 12.823

The above stated heating demand of about 13000 kWh for the whole year was

confirmed by the homeowner.

To check if the calculated HWB — in the fictitious case it is a new building - fits to the
actual and to the upcoming version of the OIB-directive-6 the following calculations

for the maximum allowed HWB were done with the above data:
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Table 5: calculated HWB versus maximum HWB for new buildings (OIB-directive-6) — own
calculation based on (GEQ, 2011))

if the building will be built today, the following margins have to be fulfilled to be conform to OIB-directive-6:

;I;Irheirt\i::jlst :zzg:;i formula valid for actual OIB- HW B e mavinor KWh/mal = 19 + {1+ %_;3)
maximum HWB_(BGF,WG,max,Ref) [kWh/m? a]

(2007): max. 66,5 kWh/m? a 55,22
maximum HWB_(BGF,WG, max,local) [kWh/m? a]

(2007) - local 65,58
when built > 2011: formula valid for actual OIB- RW Bace sy crmanmey KWH/mZal = 16 + (.1 - i)

directive-6 (draft - valid from 1st of January 2012)

maximum HWB_(BGF,WG, max,Ref) [kWh/m?
a](draft - valid from 1st of January 2012): max. 54,4

kWh/m?a 52,60
maximum HWB_(BGF,WG,max,local) [kWh/m? a]
(draft - valid from 1st of January 2012) - local 62,47

The calculated HWB of the energy-pass (local and reference) has to be compared

with those margins:

HWB - Traunkirchen

3. maximum HWB_(BGF,WG,max,local) (draft-new) - local 62,47

2.maximum HWB_(BGF,WG,max,local) (2007)- local 65,58

1.calculated HWB_(BGF, local) 61,89 _

3. maximum HWB_(BGF,WG,max,Ref) (draft - new) 52,6
2.maximum HWB_(BGF,WG,max,Ref) - (2007) 55,22
1.calculated HWB_(BGF, Ref) 55,97 F
| | | |
40,00 45,00 50,00 55,00 60,00 65,00 70,00
kWh/m2a

Figure 12: HWB - Traunkirchen for new buildings (own illustration based on my calculation with
(GEQ, 2011))

If the house owner wants to build the same house once more now — in the year
2011, the whole energetic system fulfills the local 2007-specification of OIB-
directive-6 (65,58 kWh/m?a). The HWB for the reference-climate already reaches
the margin of 55,22 kWh/m?a.

But if built 2012 (next year) when the OIB-6-specification (HWB = 62,47 kWh/m?2a for
the local value) is much stricter (OIB-Draft, 2011). To fulfill the limits of the reference

climate (52,6 kWh/m?a), the owner has to think over to enlarge the insulation layer in
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the ceiling to the attic and the pitch of the roof a little bit (15 cm). Also the external
walls need more insulation of about 15 cm. 15 additional centimeter of insulation will

also be added to the insufficient construction part in the winter garden.

The calculation of the Austrian energy-pass shows the following situation and is now
rated with “B”:

HWB - Traunkirchen (15 cm more insulation)

65,58

1. calculated HWB_(BGF, local) 48,34 _

3. maximum HWB_(BGF,WG,max,local) (draft- new) - local 62,47

2. maximum HWB_(BGF,WG,max,local) (2007)- local

3. maximum HWB_(BGF,WG,max,Ref) (draft - new) 52,60

2. maximum HWB_(BGF,WG,max,Ref) - (2007) 55,22

1.calculated HWB_(BGF, Ref) 44,29 F

40,00 45,00 50,00 55,00 60,00 65,00 70,00
kWh/m?a

Figure 13: HWB of the house in Traunkirchen with 15 cm more insulation (case of a new
building) — own illustration based on my calculation with (GEQ, 2011))

Different from above limit-values for new houses is the situation for larger
reconstructions:

Table 6: margins of HWB for improvements (own calculation based on (GEQ, 2011))

improvements (case of larger reconstructions) of the existing building ==>therefore the following margins have to be fulfilled after
the reconstruction for the OIB-directive-6:

formula valid for actual OIB-directive-6 (2007 and
new draft)

maximum HWB_(BGF,WG, max,Ref) [kWh/m? a]:
max. 87,5 kWh/m? a

maximum HWB_(BGF,WG,max,local) [kWh/m?a] -
local

25
HWBsgrwamazzer KWh/m?a] = 25 ¢ (1 + z_)

c

72,66

86,29

The limits for reconstruction an existing building are much bigger than for new
buildings.
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HWB - Traunkirchen (reconstruction-project)

2. maximum HWB_(BGF,WG,max,local) - local

1. calculated HWB_(BGF, local)

2. maximum HWB_(BGF,WG,max,Ref)

1.calculated HWB_(BGF, Ref)

—

40,00 45,00 50,00 55,00 60,00 6500 70,00 7500 80,00 8500 90,00

kWh/m?a

Figure 14: HWB of the house in Traunkirchen (case of reconstruction) — own illustration based
on my calculation with (GEQ, 2011))

Now it is obvious, that using both OIB-directive-6 (2007 and upcoming 2012) no

improvements are seen necessary.

8.1.2 Example 2 —single family house in Baden / Lower Austria

This new family-house was built in 2010 and is situated next to the vineyards in

Baden at the edge of the town.
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Figure 15: position of the single-family house in Baden (Google Map, 2011)
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It is a design of timber-frame-construction executed as a prefabricated building. An

air-heating-pump is responsible for hot water and heating. It is used the whole year.

N \ P Ty B N,

Figure 16: garden-view to the building (Baden) — own photograph

The Austrian energy-pass was calculated with the following U-values of the

individual construction compounds (using the building plans, technical descriptions

and information of the house owner):

Table 7: U-values of the building in Baden — own table based on calculation with (GEQ, 2011)

limits of Austrian OIB-

Construction Compound (Baden) U-values [W/m?K] directive-6
ceiling towards outdoor air 0,13 0,20
external wall (towards outdoor air) 0,14 0,35
ceiling (sleeping room) towards outdoor air 0,16 0,70
ceiling towards unconditioned cellar 0,23 0,40
external wall (towards non-heated areas) 0,14 0,35
windows and door 0,898 1,70

Of course the U-values (new house) fit perfectly to the limit-values. The building is

rated with “B”:
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SPEZIFISCHER HEIZWARMEBEDARF BEI 3400 HEIZGRADTAGEN (REFEREMZKLIMA)

HWB-ref= 382 kWhim'a

Figure 17: rating of house in Baden — own calculation based on (GEQ, 2011)

The HWB is expected to fit to the limits, too:

Table 8: HWB-details for house in Baden — own calculation based on (GEQ, 2011)

HWB-details [kWh/mZ2a]:

BGF [m?] 208,46
conditioned gross volume [m?3] 657,78
surface of the thermal building envelope [m?] 489,88
characteristic length [m] 1,34
compactness (A/V) [1/m] 0,74
calculated HWB_(BGF, Ref) [kWh/m?a] 38,16
heating demand (reference) per year [kWh] 7954
calculated HWB_(BGF, local) [kWh/m? a] 37,56
heating demand (local) per year [kWh] 7830

1. calculated HWB_(BGF, local) _ 37,5

HWB - Baden

3. maximum HWB_(BGF,WG,max,local) (draft- new) - local _ 51,58
2. maximum HWB_(BGF,WG,maxlocal) (2007)-local I ] 5420

3.maximum HWB_(BGF,WG,max Ref) (draft - new) | I ] 51,75

2. maximum HWB_(BGF,WG,max,Ref) - (2007) | T [sa,38
1.calculated HWB_(BGF, Ref) | 38116

=

30,00 35,00

40,00

45,00
kWh/m?a

50,00

55,00

60,00

Figure 18: HWB-Baden for new buildings — own illustration based on my calculation with (GEQ,

2011)
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If the house owner wants to build the same house once more now, the actual OIB-
directive-6 as well as the upcoming one (valid from 2012) sees no need for

improvements.

8.1.3 Example 3 —single family house in Altenfelden / Upper Austria

This house is located at the edge of Altenfelden / Upper Austria and was built in
1979. Altenfelden can be found in the heart of the northern part of Upper Austria —
Muhlviertel.
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Figure 19: map around Altenfelden (Google Map, 2011)

It is now mainly used as weekend-home. The calculation is done for whole-year use

to compare the results with other examples. Hot-water-supply and heating are done

by gas.
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Figure 20: street-view to the building in Altenfelden — own photograph

The Austrian energy-pass was done with the following current U-values (using

building plans and information of the house owner):

Table 9: U-values of the building (status now) — own calculation based on (GEQ, 2011)

limits of Austrian OIB-
Construction Compound (Altenfelden) U-values [W/mZK] directive-6
ceiling towards unconditioned attic 0,348 0,20
wall towards staircase 1,361 0,60
external wall (towards outdoor air) - with eternit layer 0,865 0,35
external wall (towards outdoor air) 1,142 0,35
ground-floor (unconditioned cellar) 0,654 0,40
windows and door 1,863 1,70

All above mentioned construction compounds are larger than the limits of the OIB-

directive-6.

The house is rated with “E”:
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SPEZIFISCHER HEIZWARMEBEDARF BEI 3400 HEIZGRADTAGEN (REFERENZKLIMA)

HWB-ref=  195,6 kWh/m’a

Figure 21: rating of building in Altenfelden with Austrian energy-pass — own calculation based
on (GEQ, 2011)

The house owner has to think over more insulation for this more than 30 year old
building. When the HWB-limits for new buildings are taken into account — the

situation is as followed:

Table 10: HWB-details for the calculated HWB in Altenfelden — own calculation based on (GEQ,
2011)

HWB-details [kWh/m?a]:

BGF [m?] 149,21
conditioned gross volume [m?] 483,44
surface of the thermal building envelope [m?] 476,62
characteristic length [m] 1,01
compactness (A/V) [1/m] 0,99
calculated HWB_(BGF, Ref) [kWh/m? a] 195,56
heating demand (reference) per year [kWh] 29.180
calculated HWB_(BGF, local) [kWh/m? a] 245,64
heating demand (local) per year [kWh] 36.653

The check, if the calculated HWB still fits to the actual OBI-directive-6, shows big

discrepancies, when the margins for new houses are analyzed:
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Table 11: margins (OIB-directive-6) for new buildi
(GEQ, 2011)

ng in Altenfelden — own calculation based on

if the building will be built today, the following margins have to be fulfilled to be conform to OIB-directive-6:

when built < 2012: formula valid for actual OIB-
directive-6 (2007)

2.8
1+~
iy

)

HW B gerwemanner [KWh/m*al = 19 =

maximum HWB_(BGF,WG,max,Ref) [kWh/m? a]

(2007): max. 66,5 kWh/m? a 65,83
maximum HWB_(BGF,WG, max,local) [kWh/m? a]
(2007) - local 80,51

when built >2011: formula valid for actual OIB-
directive-6 (draft - valid from 1st of January 2012)

. 3
HW Bace v camanser Wh/m?al = 16 « (1 + :)
&

maximum HWB_(BGF,WG, max,Ref) [kWh/m?
a](draft - valid from 1st of January 2012): max. 54,4

kWh/m?a 54,40
maximum HWB_(BGF,WG,max,local) [kWh/m? a]
(draft - valid from 1st of January 2012) - local 66,53

HWB - Altenfelden
3.maximum HWB_(BGF,WG,max,local) (draft-new) - local 66,53
2.maximum HWB_(BGF,WG,max,local) (2007)- local 80,51 ,
1. calculated HWB_(BGF, local) 245,64
3. maximum HWB_(BGF,WG,max,Ref) (draft - new) 54,40
2.maximum HWB_(BGF,WG,max,Ref) - (2007) 65,83
1.calculated HWB_(BGF, Ref) 195,56 F
| | !
40,00 90,00 140,00 190,00 240,00 290,00
kWh/m?a

Figure 22: HWB-Altenfelden for new buildings — own illustration based on my calculation with

(GEQ, 2011)

It is obvious, improvements of the insulatio

fulfill the requirements of OIB-directive-6:

n and of the windows are necessary, to

e Wall: 14 cm of additional insulation

e Floor: 12 cm of additional insulation
e Ceiling: 15 cm of additional insulation
¢ Change of windows
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Table 12: U-values after the planned improvements (Altenfelden) — own calculation based on

(GEQ, 2011)

limits of Austrian OIB-
Construction Compound (Altenfelden - improvements) U-values [W/mZK] directive-6
ceiling towards unconditioned attic 0,127 0,20
wall towards staircase 0,201 0,60
external wall (towards outdoor air) - with eternit layer 0,197, 0,35
external wall (towards outdoor air) 0,195 0,35
ground-floor (unconditioned cellar) 0,194 0,40
windows and door 1,061 1,70

New details for HWB, when building is improved by more insulation:

Table 13: HWB-details (Altenfelden) - with improvements — own calculation based on (GEQ,

2011)

HWB-details [kWh/m?2a]:

BGF [m?] 149,21
conditioned gross volume [m?] 523,73
surface of the thermal building envelope [m?] 491,48
characteristic length [m] 1,07
compactness (A/V) [1/m] 0,94
calculated HWB_(BGF, Ref) [kWh/m? a] 51,06
heating demand (reference) per year [kWh] 7.619
calculated HWB_(BGF, local) [kWh/m? a] 63,92
heating demand (local) per year [kWh] 9.538

With above improvements the OIB-directive-6 limits (both: the actual version and the

upcoming one) for new houses are fully fulfilled:

HWSB - Altenfelden

3. maximum HWB_(BGF,WG,max,local) (draft- new) - local
2. maximum HWB_(BGF,WG,max,local) (2007)- local

1. calculated HWB_(BGF, local)

3. maximum HWB_(BGF,WG,max,Ref) (draft - new) 54,40

1.calculated HWB_(BGF, Ref) 51,06

2.maximum HWB_(BGF,WG,max,Ref) - (2007)

66,53

63,92

77,75

=

40,00 4500 50,00 5500 60,00
kWh/m?a

65,00

70,00 75,00 80,00

Figure 23: OIB-directive-6 limits for new buildings (Altenfelden) — own illustration based on my

calculation with (GEQ, 2011)
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Reconstruction-projects use lower limits — so they are again also fulfilled:

HWSB - Altenfelden (reconstruction-project)
\ | | | | \

2. maximum HWB_(BGF,WG,max,local) - local 102,30

1. calculated HWB_(BGF, local) 63,92 _

2. maximum HWB_(BGF,WG,max,Ref) 83,65

1. calculated HWB_(BGF, Ref) 51,06 '
40,00 50,00 60,00 70,00 80,00 90,00 100,00 110,00
kWh/m2a

Figure 24: OIB-directive-6 limits for reconstruction projects in Altenfelden — own illustration
based on my calculation with (GEQ, 2011)

With the reconstruction project HWB will be improved from 245,64 kWh/m? to 63,92
kWh / m? and therefore the heating demand will come from 36.653 kWh to 9.538
kWh. With simply upgrading the assembly of the building envelope it is possible to

save energy for heating and money.

To know which part of the average income is needed for heating in this house | used
the net household income data from Statistik Austria (Statistik Austria, 2011),
(Statistik Austria _ 2009, 2011) and the gas-price of today — 2011 — from e-control
using the tariff-calculator (Tarifkalkulator, 2011) and the years before (Statistik
Austria_gasprice, 2011). The analysis back goes until 2003, when gas-market in
Austria was fully liberalized (October 2002):
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Table 14: mean Upper-Austrian household net-income per household related to the costs for
heating in Altenfelden — own calculation based on (Statistik Austria _ 2009, 2011),
(Tarifkalkulator, 2011) and (Statistik Austria_gasprice, 2011)

heating demand
heating demand (status upgraded
(status now) [kWh] [kwh]
heating d d h
Austrian netincome | average price per price for heating [gas] {price for heating [gas] -|(status now) % of net |(upgraded) % of net
Upgrading per year kWh gas status now status upgraded income income
2003| € 22.228,00 | € 0,0545 1997,5885 519,821 8,99% 2,34%
2004) € 23.421,00 | € 0,0545 1997,5885 519,821 8,53% 2,22%
2005| € 24.741,00 | € 0,0522 1913,2866 497,8836) 7,73% 2,01%
2006| € 26.090,00 | € 0,0522 1913,2866 497,8836) 7,33% 1,91%
2007 € 27.313,00 | € 0,0631 2312,8043] 601,8478 8,47% 2,20%
2008| € 28.410,00 | € 0,0631 2312,8043 601,8478 8,14% 2,12%
2009| € 29.849,00 | € 0,0652 2389,7756 621,8776 8,01% 2,08%
2010 (assuming +2,3%) | € 30.535,53 | € 0,0652 2389,7756 621,8776 7,83% 2,04%
2011 (assuming +2,3%) | € 31.237,84 | € 0,0700 2565,71 667,66 8,21% 2,14%
price for 2011 from www.e-control.at "Tarifkalkulator"
prices 2002 to 2010 from Statistik Austria - assuming 1 m* gas contains 10 kWh

If the house owner does not improve the whole insulation layer of his house he has
to pay more than 8% of his net income for heating. With upgrading the house

envelope a reduction to 2% of his net income is possible.

Calculating predetermined standard rates for improving the house is difficult to
mention. A builder and the energy consultant have to check the house on-site to
discuss the possibilities together with the house owner. Depending on the necessary
technical improvements of the building envelope (mold, thermal bridge, construction
damages, is existing insulation ok etc.) the best solution must be found. It has to be
taken into account that the biggest costs come from the building site facilities and
scaffolds and of course the working time itself. So it is not really essential, if one or
two layer of insulation has to be put on the walls. The paper “Wirtschaftlichkeit von
Warmedamm-Malnahmen im Gebdudebestand 2005” (Passivhaus Institut, 2005)
shows that there is a range of the optimal U-value, where the economic earnings
(saving-costs for heating bigger than annual annuities) are maximized. This range
depends on the kind of necessary improvements and their costs, the energy costs

etc.

It can be assumed, that a large reconstruction project with more insulation (whole
building envelope) and more efficient windows — without changing the heating
system — has to be calculated with about 50.000,-- Euros. A rough calculation of
amortization says:

cost of the improvement

Amortization = ; -
(costs of heating demand,,, — costs of heating demandimproved)

50000
2565,71-667,66

=26,34 years.
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Taking into account a discount rate of 5% and an increase of the price for heating

with annual 2%, it can be calculated with the NPV (net present value):

costs for investment minus Cashflow

5 10 15 20 25 30

-€10.000,00

-€20.000,00

-€30.000,00

-€40.000,00

-€50.000,00

-€60.000,00

Figure 25: NPV for investing in upgrading the building envelope (inclusive windows) — based on
own calculation

It can be seen, that the NPV is still negative after 25 years, when there are no

additional incentives from the country.

But in most cases the house owner has to think about a new heating system. There
are additional costs, but there is a chance to install a more efficient system using
renewable energy. Of course the impulses for someone investing money in his
house are multiple. An amortization time of more than 25 years can only be argued
when windows are already for example leaky and an investment is essential for
comfort-reasons. Of course the decision to spend money in this way also depends
on the age of the resident. On the other hand an upgraded house will be worth a
higher price, when it is sold. The “O0O Energiesparverband” (Energiesparend -
Infomappe, 2011) suggested the following steps, when a big reconstruction project
is not possible:
e One comparatively cheap starting point for improving the house energy
condition is to insulate the upper ceiling of the house. Costs of about 2000

Euro can decrease the heating-bill with about 20%
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e Changing the windows to U-values of 0,5 — 0,7 W/m? K (about 20.000,--
Euro)

¢ Improve insulation of the ceiling of the cellar Costs of about 2500 Euro can
decrease the heating-bill with about 10%.

e If improvement of the facade is necessary it should be combined with
additional insulation.

e Check the hot-water and heating-facilities (add solar thermal)

In Upper Austria (OO - Wohnbauférderung, 2011) there is the possibility for
people/families with lower than certain income limits to get cheap money from the
country, to encourage more people to invest in energy-efficiency. It is necessary,
that HWB after improvement is not higher than 65 kWh/m?a. The Upper Austrian
housing program gives grants to annuity repayments to bank loans of maximum
37.000 Euro. It has to be mentioned that in Austria credits for reconstruction projects

can lower the income tax.

8.1.4 Example 4 — weekend home in Schwarzenberg/Hochficht / Upper

Austria

Between the German and Czech-border the 4™ Austrian calculation-example can be

found.
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Figure 26: position of the weekend-home in Schwarzenberg (Google Map, 2011)

This house in the skiing-area in Hochficht (Upper Austria) is quite an old building
and almost 100 years old. The beautiful door in front shows the year “1910”. Several

adaptations were done about 20 years ago. The calculation was done with the
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assumption, that the house will now be used the whole year. A wood-stove is used

for hot water and heating.

Figure 27: entrance-view at the house in Schwarzenberg — own photograph

The following U-values are the input-data (based on building plans and information
of the house owner) for the Austrian energy-pass-calculation to fix the current

status.

Table 15: U-values for building in Schwarzenberg — based on (GEQ, 2011)

limits of Austrian OIB-
Construction Compound (Schwarzenberg) U-values [W/m?K] directive-6
ceiling towards unconditioned attic (kitchen) 0,7 0,20
ceiling towards unconditioned attic (sleeping room) 3,63 0,20
ceiling towards unconditioned attic (living room) 0,15 0,20
external wall (towards outdoor air) - granite 0,74 0,35
external wall (towards outdoor air) - brick 0,77 0,35
ground-floor 0,46 0,40
external wall (towards non-heated areas) - shelter (brick) 0,76 0,35
external wall (towards non-heated areas) - shelter (granite) 0,7 0,35
windows and door 2,205 1,70

Almost each construction compound has increased values. Only the ceiling in the

living-room seems to be well insulated.

This house in Schwarzenberg is rated with “F”:
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SPEZIFISCHER HEIZWARMEBEDARF BEI 3400 HEIZGRADTAGEN |REFERENZKLIMA)

HWB-ref= 2407 kWhim'a

Figure 28: rating for building in Schwarzenberg — own calculation based on (GEQ, 2011)

Basis of the rating are the following HWB-values:

Table 16: HWB-details for house in Schwarzenberg — own calculation based on (GEQ, 2011)

HWB-details [kWh/m?a]:

BGF [m?] 152,67
conditioned gross volume [m?] 446,47
surface of the thermal building envelope [m?] 455,86
characteristic length [m] 0,98
compactness (A/V) [1/m] 1,02
calculated HWB_(BGF, Ref) [kWh/m? a] 240,71
heating demand (reference) per year [kWh] 36.750
calculated HWB_(BGF, local) [kWh/m? a] 310,52
heating demand (local) per year [kWh] 47.408

To check the deviation to the OIB-directive-6 margins, the following calculations for

the maximum allowed HWB were done with above data.
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Table 17: calculated HWB versus maximum HWB for new building in Schwarzenberg — own
calculation based on (GEQ, 2011)

if the building will be built today, the following margins have to be fulfilled to be conform to OIB-directive-6:

;’;I:::i:i: :zzg:;i formula valid for actual OIB- HIV B s pwemaniop leWh/m?al = 19+ {1 + %_;3)
maximum HWB_(BGF,WG,max,Ref) [kWh/m? a]

(2007): max. 66,5 kWh/m? a 66,50)
maximum HWB_(BGF,WG, max,local) [kWh/m? a]

(2007) - local 82,54
when built >2011: formula valid for actual OIB- HW B ace s camasmer [KWhm=al = 16 » (.1 " i)

directive-6 (draft - valid from 1st of January 2012)

maximum HWB_(BGF,WG, max,Ref) [kWh/m?
a](draft - valid from 1st of January 2012): max. 54,4

kWh/m?2a 54,40
maximum HWB_(BGF,WG, max,local) [kWh/m? a]
(draft - valid from 1st of January 2012) - local 67,52

So, for the assumption, the same building is built once more now in 2011 or after,

the graph for the comparison shows the following picture:

HWB - Schwarzenberg

3. maximum HWB_(BGF,WG,max,local) (draft - new) - local 67,52
2. maximum HWB_(BGF,WG,max,local) (2007)- local 82,54 ,
1.calculated HWB_(BGF, local) 310,52

3. maximum HWB_(BGF,WG,max,Ref) (draft - new) 54,40
2.maximum HWB_(BGF,WG,max,Ref) - (2007) 66,50
1.calculated HWB_(BGF, Ref) 240,71 F
| | | \
T T T T 1
40,00 90,00 140,00 190,00 240,00 290,00 340,00
kWh/m?a

Figure 29: HWB-Schwarzenberg for new buildings — own illustration based on my calculation
with (GEQ, 2011)

Due to the small insulation the calculated HWB is more than 3,5 times higher than

the allowed margins of the OIB-directive-6.

If the house-owner wants to build the house today ones more, he has to add a thick
insulation layer around the whole surface:

¢ 12 cm insulation on the outer part of the walls
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e 24 cm additional insulation on the ceiling towards the unconditioned attic

¢ 16 cm insulation on the floor (change existing insulation)
;T W/m2K

e Better windows / door: at least U = 1

Table 18: U-values for the insulation-improvements in Schwarzenberg — own calculation based

on (GEQ, 2011)

limits of Austrian OIB-

Construction Compound (Schwarzenberg - improvements) U-values [W/m?K] directive-6
ceiling towards unconditioned attic (kitchen) 0,144 0,20
ceiling towards unconditioned attic (sleeping room) 0,173 0,20
ceiling towards unconditioned attic (living room) 0,169 0,20
external wall (towards outdoor air) - granite 0,197, 0,35
external wall (towards outdoor air) - brick 0,199 0,35
ground-floor 0,214 0,40
external wall (towards non-heated areas) - shelter (brick) 0,197 0,35
external wall (towards non-heated areas) - shelter (granite) 0,198 0,35

windows and door

1,109

1,70

The whole building has to be discussed with a builder to find the best technical-

planning solution for the house owner together with the energy consultant to reach

the HWB-margins best.

From HWB-concerns point of view the above input-data changes the whole system:

Table 19: HWB-details for improvements in Schwarzenberg — own calculation based on (GEQ,

2011)

HWB-details [kWh/mZ2a]:

BGF [m?] 152,67
conditioned gross volume [m?] 488,02
surface of the thermal building envelope [m?] 470,53
characteristic length [m] 1,04
compactness (A/V) [1/m] 0,9
calculated HWB_(BGF, Ref) [kWh/m?a] 52,07
heating demand (reference) per year [kWh] 7.950
calculated HWB_(BGF, local) [kWh/m? a] 67,31
heating demand (local) per year [kWh] 10.276

So for a fictitious new building the following

U-values (building is now rated with “C”):

results can be seen, when improving the
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HWB - Schwarzenberg

3.maximum HWB_(BGF,WG,max,local) (draft- new) - local
2.maximum HWB_(BGF,WG,max,local) (2007)- local 80,43

1. calculated HWB_(BGF, local)

3. maximum HWB_(BGF,WG,max,Ref) (draft - new)

2.maximum HWB_(BGF,WG,max,Ref) -(2007)

1. calculated HWB_(BGF, Ref)

=

40,00 45,00 50,00 5500 6000 6500 70,00 7500 80,00 85,00
kWh/m?a

Figure 30: HWB-Schwarzenberg (new building) - own calculation based on (GEQ (2011))

In this building-example for larger reconstructions | have to use lower limit-values

and get the following situation:

HWB - Schwarzenberg(reconstruction-project)

| | | | | |

1. calculated HWB_(BGF, local) | 675 <

2 maximum HWB_(BGFwG,maxRef) [ S T 8526

1. calculated HWB_(BGF, Ref) [T 55,07 —

40,00 50,00 60,00 70,00 80,00 90,00 100,00 110,00
kWh/m?a

Figure 31: HWB - Schwarzenberg (reconstruction-project) - own calculation based on (GEQ
(2011))

The new improvements fit perfectly to both margins (for new buildings and for larger
reconstructions). The house-owners are well prepared for future rise in energy-

prices.
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To get a feeling about the payback time of this investment of reconstruction the
calculation has to be done with the following assumption, that there is no change in
providing hot water and heating, because the house-owner has a little wood for his
own consumption. So it can be assumed, that there are no costs for his energy-
demand. The improvements have to be argued with more comfort and being a part

of a sustainable community.

8.1.5 Example 5 —single family house in San Francisco / California

This single-family house is situated in San Francisco nearby the Golden Gate Park.

Figure 32: location of the investigated house in San Francisco (Google Earth, 2011)

The house was built in 1961 in typical timber-frame-construction. The windows were

changed in 2000 into double-glazed windows.
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Figure 33: street front-view of the San Francisco-house (Google Map, 2011)

The house is heated with gas and has also an air condition system. Because there
are no detailed building plans available, several assumptions according to the

discussion with the house-owner have to be done to do the further calculations.

The HWB should be calculated with the Austrian energy-pass — in the same way as
the above examples; that means, that the used reference-climate is also the
Austrian mean climate with HGT = 3400 Kd. So the calculations of the software-
programe GEQ (GEQ, 2011) has to be adapted with the correct HGT for San
Francisco with 1921 Kd (worldclimate, 2011) in that area to find an assumption for
the local valid HWB (without considering the detailed heating conditions in San

Francisco).

The following U-values are used for the calculations:

Table 20: U-values compared to the limits of the Austrian OIB-directive-6 — own calculation
based on (GEQ, 2011)

limits of Austrian OIB-
Construction Compound (San Francisco) U-values [W/mZK] directive-6
ceiling towards outdoor air 0,502 0,20
external wall (towards outdoor air) 0,35 0,35
inner ceiling towards unconditioned garage 0,35 0,40
windows and door 1,434 1,70

The ceiling to the roof doesn't fit to the Austrian OIB-directive-6. The external walls

hit the limit exactly.
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The energy-pass calculation with the Austrian reference shows the following picture:

Table 21: HWB-details (San Francisco) — own calculation based on (GEQ, 2011)

HWB-details [kWh/m?2a]:

BGF [m?]

112,00

conditioned gross volume [m?]

334,32

surface of the thermal building envelope [m?]

355,34

characteristic length [m]

0,94

compactness (A/V) [1/m]

1,06

calculated HWB_(BGF, Ref) [kWh/m? a]

119,01

heating demand (reference) per year [kWh]

13.329

calculated HWB_(BGF, local) [kWh/m? a]

67,24

heating demand (local) per year [kWh]

7.531

The Californian house is rated with “D”.

+

I h

SPEZIFISCHER HEIZWARMEBEDARF BEI 3400 HEIZGRADTAGEN (REFERENZKLIMA)

HWBref= 119,0 kWh/m“a

Figure 34: rating of house in San Francisco — own calculation based on (GEQ, 2011)

If the house-owner wants to build the same house today the HWB-limits are

therefore — with the Austrian energy-pass-calculation:
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Table 22: margins (OIB-directive-6) for new buildings in San Francisco — own calculation based

on (GEQ, 2011)

if the building will be built today, the following margins have to be fulfilled to be conform to OIB-directive-6:

when built < 2012: formula valid for actual OIB-
directive-6 (2007)

HWEBgerwemanner [KWh/m*al = 19+ {1 + I

2J5')

"

maximum HWB_(BGF,WG,max,Ref) [kWh/m? a]

(2007): max. 66,5 kWh/m? a 66,50
maximum HWB_(BGF,WG, max,local) [kWh/m? a]
(2007) - local 37,57

when built >2011: formula valid for actual OIB-
directive-6 (draft - valid from 1st of January 2012)

. 3
HW Bace v camanser Wh/m?al = 16 « (1 + :)
&

maximum HWB_(BGF,WG, max,Ref) [kWh/m?
a](draft - valid from 1st of January 2012): max. 54,4

kWh/m?2a 54,40
maximum HWB_(BGF,WG, max,local) [kWh/m? a]
(draft - valid from 1st of January 2012) - local 30,74

3. maximum HWB_(BGF,WG,max,local) (draft-new) - local

2. maximum HWB_(BGF,WG,max,local) (2007)- local

1. calculated HWB_(BGF, local)

3.maximum HWB_(BGF,WG,max,Ref) (draft - new)

2.maximum HWB_(BGF,WG,max,Ref) - (2007)

1.calculated HWB_(BGF, Ref)

HWB - San Francisco

\
30,74
37,57
67,24 _
54,40
66,50 /
119,01
————
2000 40,00 60,00 80,00 100,00 12000 140,00
kWh/m?a

Figure 35: HWB - San Francisco for new buildings — own illustration based on my calculation

with (GEQ, 2011)

The reference-values are quite high compared to the local value. The winters
(heating period) are much milder than in warmer parts of Austria. This more than 40
years old house doesn’'t meet the Austrian HWB-limits; more insulation is needed,

when the house-owner wants to reach these values for a new building: So the new

U-values are:
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Table 23: U-values of improvements in San Francisco — own calculation based on (GEQ, 2011)

limits of Austrian OIB-
Construction Compound (San Francisco - improvements) U-values [W/m?K] directive-6
ceiling towards outdoor air 0,167 0,20
external wall (towards outdoor air) 0,167 0,35
inner ceiling towards unconditioned garage 0,112 0,40
windows and door 1,284 1,70

Again the Austrian energy-pass-calculation has to consider HGT of San Francisco.

This correction is done outside the calculation program (without considering the

detailed heating conditions in San Francisco).

Table 24: HWB-details of house in San Francisco with improvements — own calculation based

on (GEQ, 2011)

HWB-details [kWh/m?2a]:

BGF [m?] 112,00
conditioned gross volume [m?] 376,88
surface of the thermal building envelope [m?] 372,06
characteristic length [m] 1,01
compactness (A/V) [1/m] 0,99
calculated HWB_(BGF, Ref) [kWh/m? a] 59,40
heating demand (reference) per year [kWh] 6.653
calculated HWB_(BGF, local) [kWh/m? a] 33,56
heating demand (local) per year [kWh] 3.759

The improvements for new buildings that the building has to follow these margins:

Table 25: calculated HWB versus maximum HWB for new buildings (OIB-directive-6) — own

calculation based on (GEQ, 2011)

if the building will be built today, the following margins have to be fulfilled to be conform to OIB-directive-6:

;';I::r:i:::: :zzg:;: formula valid for actual OIB- HIW B sgmwcmaniios leWh/m?al = 19 « {1 + EE—SJ
maximum HWB_(BGF,WG, max,Ref) [kWh/m? a]

(2007): max. 66,5 kWh/m? a 65,89
maximum HWB_(BGF,WG, max,local) [kWh/m? a]

(2007) - local 37,23

when built >2011: formula valid for actual OIB-
directive-6 (draft - valid from 1st of January 2012)

. ~ 3
HWBgorwcomanmer Whimal = 16+ (1 + :)
- e

maximum HWB_(BGF,WG, max,Ref) [kWh/m?
a](draft - valid from 1st of January 2012): max. 54,4

kWh/m? a 54,40
maximum HWB_(BGF,WG, max,local) [kWh/m? a]
(draft - valid from 1st of January 2012) - local 30,74
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HWB - San Francisco

3.maximum HWB_(BGF,WG,max,local) (draft- new) - local

2. maximum HWB_(BGF,WG,max,local) (2007)- local

1. calculated HWB_(BGF, local)

3. maximum HWB_(BGF,WG,max,Ref) (draft - new)

2.maximum HWB_(BGF,WG,max,Ref) - (2007)

1.calculated HWB_(BGF, Ref)

10,00 20,00 30,00 40,00 50,00 60,00 70,00
kWh/m?a

Figure 36: HWB of the house in San Francisco with more insulation (case of a new building) —
own illustration based on my calculation with (GEQ, 2011)

The limits of the actual OIB-directive-6 fit perfectly, for the upcoming version the
quality of the windows should be thought over to improve the total energy-efficiency-

behavior of the building.

The margins for larger reconstruction-projects are again here less strict and the

above suggestion of improvement is below both HWB-limits.

HWB - San Francisco (reconstruction-project)

| | | |
2. maximum HWB_(BGF,WG,max,local) - local _ 48,99

1. calculated HWB_(BGF, local) _ 33,56 _

2.maximum HWB_(BGFWG,maxRef) | T 8670

1. caleulated Hw8._(86F, Ref) [ | 50,40
| | | | |

- 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00

kWh/m?a

Figure 37: HWB - San Francisco for larger construction projects — own illustration based on my
calculation with (GEQ, 2011)

The improvements mentioned above are perfect for OIB-directive-6 (2007 and

upcoming 2012).
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8.2 Calculation of energy efficiency with the

Californian methodology — HERS

Depending on different climate-zones within California the regulations of the
California Energy Commission (CAL-2008 Energy Commission, 2010) describe the
envelope of high-rise-buildings differently. According to example 5 the following
analysis is focused on the area of San Francisco. The city is located in zone “3”. The

reference city is Oakland/San Francisco.
The calculations are done for package D for the zone “3”.

Buildings in San Francisco have to take into account the following requirements (
(CLIMO2, 2011); (CAL-2008 Manual, 2008), (JA4, 2008) to fit to Title 24:

Table 26: parameter relevant for San Francisco / climate zone 3 — own table

HDD (heating degree days) | 1921°C d/a with the basis of | HDD as the cumulative
(in Austria: HGT | 18,3°C number of degrees in a year,
(“Heizgradtage™)) when the mean temperature
is below 65°F (= 18,3°C)

HGT in Austria uses for
room temperature of 20°C a
limit, when heating is

necessary at 12°C.

U-value (fenestration) Uysa = 0,40 Btu / ft2 °F h SHGC is not relevant in
> zone 3
Unustia = 2,271 W/ m2 K

U-value (skylight) Uysa = 0,40 Btu / ft2°F h
>
Unustria = 2,271 W/ m2 K

Maximum of window area 20% of the conditioned floor

U-value of ceiling (roof) Package C: R-38
Package D: R-30
U-value of walls Package C: R-25

Package D: R-13
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U-value of walls (heavy

mass)

Package C: -
Package D: R-2.44

notice: Walls of heavy mass
have special limits, that are
neglected here; for further
discussion | used the limits

of the wood-frame walls

U-value of raised floors

Space heating

It has to be strictly rescinded, that above listed R-values of the building envelope are
not the limits of the whole component, in fact they are limits of the insulation needed
(CAL-2008 Manual, 2008).

The paper “Auswirkungen des Klimawandels auf Heiz- und Kihlenergiebedarf in
Osterreich” of the project StartClim2006.F (StartClim2006.F, 2007) correlates both

Package C: R-30
Package D: R-19

No

allowed !

electric resistance

Notice: for concrete raised
floors (typical for buildings
the

insulation is required in San

above garage) no

Francisco.

definitions of HDD in the United States and the HGT in Austria:
¢ HDD is defined by the “balance point temperature” of 65°F (18,3°C)
0 HDD (Ty,T;) = %2, (18,3 — 6,)

= If mean day temperature 6, < 18,3 °C in the period between

T1 and T2

e HGT is defined by the limit temperature of 12°C, because for Austria the
margin of 18,3°C would be much too high (e.g. solar radiation) to start
heating. ONORM 8135 (ONORM EN 12831 (2003)) defines HGT with these

margins. Germany on the contrary uses the margin of 15°C.

0 HGT (T}, Ty) = %2y, (20 — 6;)

= If mean day temperature (outside) 6; < 12 °C in the period

between T and T,

e The paper compares both definitions with a graph (also included CDD/KGT

[cooling degree days]:
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Figure 38: HGT (20/12), HGT (18,3; 18,3) and CDD (18,3; 18,3) - (StartClim2006.F, 2007)

e The calculation with HGT (20,12) is a little bit higher than the US-version.
It is clear, that from 13°C onwards there is no heating, whereas HGT

(18,3; 18,3) consider heating till 18,3°C. Then there is curve for cooling.

The conditioned floor area (CFA) is typically expressed as square feet. It can be
compared with the Austrian BGF. CFA is needed for the purpose of compliance,
because the annual energy demand is divided by CFA to get the energy budget.

The maximum fenestration area is expressed as a percentage of this value.
In Austria the R-value (thermal resistance) is given in Sl units: [m?K / W]. The U-
value () is identical with 1/R with the dimension [W/mZ2K]. In the USA they do not use

the Sl-units (WIKI_01, 2011):

Table 27: R- and U-value units in Austria and the USA — own table

Austria USA
R-value m2K/W ft2°F h / Btu
U-value W/m2K Btu/ft2 °F h
Whereas:

e 1f2°Fh/Btu=0,176110 m*K/W
e 1m?K/W=5,678263 ft> °F h / Btu

In the USA the units normally are not written with their units — they are much higher
(about 6x) than the Sl-units.

For example “R-40” means:

Rusa =40 ft2 °F h / Btu = Raystia= 7,04 m* K/ W

Uusa = 1/Rusa = 0,025 Btu / ft2 °F h = Uaystria = 0,142 W/m?K
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The usage of R-values are more common in the states whereas Europe uses its

reciprocal numbers — the U-values.

This part of San Francisco is located in the North-Central-Climate Zone. Energy Star
certifications should be taken into account with the following labels for windows and

doors:

Alabel like this appears on Windows and Skylights that Doors have a label like this:
perform well in your climate zone:

)

St ENERGY STAR® Qualified
T In All 50 States

Does this door meet the criteria
for its glazing level? (Check only one box)

For. | U-factor sHGC Yes
Opague | =021 Any
% or % Lite | =027 =0.30
% or Full Lite =0.32 < 0.30

e Look for a check in the "Yes" column. Make sure the row
W Qualified selected matches the glazing level of the door.

Windows and Skylights that perform well in all climate zones carry this label:

ENERGY STAR® Qualified in All 50 States

B Qualified

Doors may also use this label.

Figure 39: energy-star labels - relevant for San Francisco (Energy Star_Windows, 2011)

Energy Star (Energy Star_Windows, 2011) foresees these limits at the area of San

Francisco:
= Windows with U-factor of 0.32 or less AND an SHGC of 0.40 or less
= Doors (without glass) with U-factor of 0.21 or less (no SHGC requirement)

With her paper “2008 Residential Compliance Manual” (CAL-2008 Manual, 2008)
the California Energy Commission forces the restriction of switching from gas to
electric resistance water heaters. The new heaters have to be certified by the
Energy Commission. The Heating Seasonal Performance Factor HSPF [Btu / W h]

is used to describe the efficiency of heat pumps or electric resistance.
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8.2.1 Discussion of the usage of the Californian prescriptive approach
for the 5 examples

According to the Commission Manual (CAL-2008 Manual, 2008) | used the
Californian “prescriptive approach”. As this package is also the basis of the
performance approach, when HERS raters are needed to do the “whole-house
home energy rating” with a computer model, | chose package D for my further

remarks. But also package C with its stronger margins is taken into account.

Paper “Joint Appendix JA4 — 2008” (JA4, 2008) is used to find out the limits of the
whole assembly of the parts of the building. To understand the used R-value-limits
in California also an additional comparison to the numbers of zone 16 in the “Golden
State” was necessary, that is located in the higher region (> 5000 ft = 1524 m) in the
north-western part of the country.

The differences between the Austrian and Californian approach are focused on the

analysis of their limiting values for R- and U-value.

Bases are the R-values for the necessary insulation from (CAL-2008 Manual, 2008)

and the corresponding U-values from (JA4, 2008) for the whole assembly.

Table 28: R-value-margins in California for package C and D in San Francisco and Bishop own
table based on (CAL-2008 Manual, 2008)

limits in California - area San Francisco (zone | limits in California - area Bishop (zone 16, | limits in California - area San Francisco (zone
bl 3, k Q) package C) 3, package D)
R-value [ft? °F h / Btu] | U-value [Btu / ft? °F h] [ R-value [ft? °F h / Btu] [ U-value [Btu / ft? °F h]| R-value [ft? °F h / Btu] | U-value [Btu / ft? °F h]
of insulation of whole bly of insulation of whole y of insulation of whole bly

fenestration - 0,38| - 0,38 0,4
ceiling (roof) R-38| 0,026 R-49] 0,02 R-30} 0,032
walls (wood) R-25| 0,057 R-29| 0,047| R-13| 0,102
walls (heavy mass) - R-25| 0,057 R-29| 0,047| R-13| 0,102]
floor towards unconditioned
cellar/ground R-30] 0,028 R-30| 0,028| R-19| 0,037
concrete raised floor (garage in
the USA) no il i ded 0,269 noi ion needed 0,269 R-0 0,269

notice: walls of heavy mass have special limits, that are neglected here - for further discussion limits of wood-frame walls are used
notice: raised floors are used in the USA - those values are used for further discussion

To compare the Californian results with the Austrian limits the data have to be

converted in Sl-units.
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Table 29: limits of U-values valid in Austria and California — own table

limits in  limits in California [W/m?2K] :limits in California [W/mZK] {limits in California [W/m2K] {limits in California [W/m?K]
Austria  area San Francisco (zone 3, area Bishop (zone 16, area San Francisco (zone 3, area Bishop (zone 16,
U-value of component [W/m2K] package C) package C) package D) package D)
fenestration 1,4 2,158 2,158 2,271 2,271
U-value of ceiling (roof) 0,2 0,148 0,114 0,182 0,148
U-value of walls 0,35 0,324 0,267 0,579 0,392
floor towards unconditioned
cellar/ground 0,4 0,159 0,159 0,21 0,21
concrete raised floor (garage
in the USA) 0,4 1,527 1,527| 1,527| 0,522
Only the main parts of each example-building will be taken into account:
Table 30: U-values [W / m2 K] of the main parts of the examples —own calculation
Traun- Alten- |Schwarzen- San
U-value of component kirchen Baden felden berg Francisco

fenestration 1,098 0,898 1,863 2,205 1,434
U-value of ceiling (roof) 0,163 0,13 0,348 3,63 0,502
U-value of walls 0,251 0,14 1,142 0,74 0,35
floor towards unconditioned
cellar/ground 0,196 0,23 0,654 0,46 -
concrete raised floor (garage
in the USA) - - - - 0,35

The differences are shown in the following graph:

35

imitsin Austria

M limits in Austria [W/mK]

M limits in California [W/m] - area

and California

25
| |

imitsin Austria

and California

San Francisco (zone 3, package C)

M limits in California [W/m] - area
Bishop (zone 16, package C)

M limits in California [W/m] - area
San Francisco (zone 3, package D)

M limits in California [W/m] - area

15 1

{_A_\

Bishop (zone 16, package D)

ETraunkirchen

limitsin Austria
and California
i ite in Austri

limitsin Austria
and California

Baden

and California

{_A_\

{_A_‘

05

fenestration

U-value of ceiling (roof)

U-value of walls

{_A_\

Altenfelden

Schwarzenberg

San Francisco

floor towards unconditioned concrete raised floor (garage
inthe USA)

cellar/ground

Figure 40: different U-values for the limits in Austria and California + examples — own

illustration

It can be seen with above rough analysis that also the low energy-houses in Austria

do not fully fit to all of the Californian margins. Low energy-houses are called those
Austrian buildings with HWB lower than 50 kWh / m? K (similar to the Austrian
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ratings of A+, A, B, C). The strong limits of package C in California are especially in
the mountain-region zone 16 very challenging for the Austrian low-energy houses in
Traunkirchen and Baden. They would need additional insulation especially in the

floor towards unconditioned cellar or ground and in the roof/ceiling.

8.3 Summary of the energy-efficiency calculation —
comparison of both countries (description of the

results)

To achieve better HWB with the Austrian energy pass calculation in 3 from 5
examples it was necessary to do several improvements (more insulation, windows
with lower U-value). The rating of the new calculated Austrian energy-pass moves to

a better grading — shown in below figure.

Altenfelden: ) /WZ\\ '/s.-m Francisco:
HWB ref=195,56 HWB ref=240,71 HWE ref=119,01
HWB loc = 245,64 HWE_loc = 310,52 HWB loc=67,24

Improvements by
“U-value-tuning”

S5an Francisco:

Figure 41: overview of the improvements in HWB - calculated with the Austrian energy-pass —
own illustration based on (GEQ, 2011)

Similar is the situation in California. Here they work with different limits of U-values —

depending on the location (climate zone) - (look at chapter 6.2.2):
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M limits in Austria [W/mK]

M limits in California [W/m] - area
San Francisco (zone 3, package C)

W limits in California [W/m] - area
Bishop (zone 16, package C)

M limits in California [W/m] - area
San Francisco (zone 3, package D)

cellar/ground

M limits in California [W/m] - area
Bishop (zone 16, package D)

fenestration U-value of ceiling (roof) U-value of walls floor towards unconditioned concrete raised floor (garage

inthe USA)

Figure 42: limits in Austria and California for different U-values (own illustration)

The following table shows an overview about the main differences between both

country approaches:

Table 31: differences of energy-efficiency calculation (own table)

Description

Austria

California

Method for
documenting
compliance with the
energy efficiency
standards of the

country

Energy-pass calculation

e Simplest way:
Prescriptive approach
(look 5.3.)

e Performance approach:
allows more flexibility
(5.3.)

Definition of heating

degree days

HGT (“Heizgradtage”) is defined
by the limit temperature of 12°C

HDD is defined by the balance
point temperature of 65°F
(18,3°C)

U-value limits (look
at figure 42)

One set of limits

o Different values for 16
climate zones of
California

o Different limits using
different packages
(chapter 5.3.)

e More severe limits for
ceiling and floor/towards

ground

Limits of heating

Yes, defined in OIB-directive 6

No

Page 62



Master Thesis
MSc Program

Renewable Energy in Central & Eastern Europe

demand available?

Rating is done with

Energy-pass calculation —

calculating HWB (referring to a

reference calculation)

HERS-index (development out of

US-energy-star-rating) with a

250 point scale — relating to a

reference building at 100)

Is rating obligatory?

Yes, for new buildings and when

building is sold.

No, it is recommended
Minimum: Prescriptive
approach (fulfilling
several limits of building
components and other

installation parts)

Who is allowed to do

the rating?

Certain engineering offices

Certified Raters, trained by the

Energy Commission

Is the using of
special software
obliged?

No, simple spreadsheet analysis

is possible — results have to

fulfill OIB-directive-6

When using the performance

approach, the used computer

model has to be approved by the

Energy Commission

Which topics are
described in the
energy-efficiency
standards
concerning the

rating-pass?

e Heating demand HWB

e Thermal quality of

buildings (LEK)

e Final energy demand

(EEB)
e Heat transmitting

construction

components (U-values)
e Energy systems with
their losses concerning
pipes and storage
e Others: thermal bridges,
airtight and windproof

construction, summer

overheating

e structure of the Austrian

energy pass

HERS-Index as a result
of standard
measurement of the
energy efficiency of the
home and its
possibilities for
improvements — relative
to the reference house.
HERS simulation tool to
model the house and
simulating the energy
use for one year.
End-use demands
(inclusive cooking,
fridge, other electronics)
as standard
assumptions (LBL,
2000) for examined

house size.

Minimum information
given by the local

energy-pass?

e HWB of the building

(relating to reference

climate)

Score of rating
Recommendations with

lifecycle savings of
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e HTEB suggested

e EEB improvements

e Possible improvements
of EEB

The difference of the definition between HGT and HDD has strong dependencies on
the local climate with its solar radiation and the internal gains. So it does not make

sense to mix those local parameters in the calculation.

In comparison with Austria, it can be summarized, that the focus in California’s
guidelines for U-values is set on higher U-values of the ceiling/roof and of the floor
towards the ground or unconditioned cellar. But the system of California also allows
a special computer program to do a whole-house energy rating (HERS) to get the
possibility to model the house, to get the best values by simulating the whole system

(that is not focus of this work).

So the effort to fit to the Californian limits is to improve the insulation of the whole
building shell according to the given parameters in the California Energy
Commission paper. There is a strong dependence on the location of the building.
According to the climate-zone it is necessary to choose the right necessary
thicknesses of the insulation of the building envelope. The Californian listings in the
appendix of the paper of the California Energy Commission (CAL-2008 Manual,
2008) are a very good basis to go into a good simulation model-program to find the

best solution for the individual case.

In Austria an energy-pass is always needed for new buildings and reconstruction
projects. Used installations like dishwasher or washing machine are not a topic in
this European country whereas California’s HERS rating does a model calculation
for the whole building. But it was seen quite difficult in California using a database of
HERS input-data predicting the actual energy consumption. Now a lot of effort was

and is put in improving the accuracy of HERS. (LBL, 2000)

There are strict trainings for the raters in California. Only certified raters are allowed
to do these HERS ratings. In Austria it is sufficient if you fulfill a certain qualification
like an engineering office of a special field. It is absolutely essential that all

consultants are familiar with the latest innovation in their area and are well trained.
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Both countries do a lot for advertising the necessity of improving the energy-
efficiency of the people’s homes. Austria has special subsidies to help people with
cheaper credits, when they build energy-efficient buildings. Tax-reduction is possible

in Austria and in California.

In both countries additional activities can be found in the environment of the
mentioned energy-efficiency standards.

1. In Austria klima:aktiv (www.klimaaktiv.at) has worked out additional - but

voluntarily - commitments for builders that are much stricter than the ones of
OIB-directive-6. New buildings are forced to become passive house
standard. Ecological requirements (e.g. using special ecologically optimized
products for building, no PVC allowed, using water saving taps etc.) are
listed to reach the klima:aktiv criteria (klima_aktiv_Gebaudeplattform, 2011).
2. In California there are several developments in several counties. Santa
Monica (Santa Monica Municipal Code, 2010) for example developed
guidelines for green buildings that also refer to the California Energy Code.
The compliance requirements for Santa Monica Residents are even more
severe (10%) than the requirements of California title 24 Energy Code
standards. Additionally ecological criteria (e.g. water conservation, using

green building materials) are listed.

Erecting a new building with the best possible U-values is all over the world the best
way to reduce the heating costs as low as possible. Later adaptations in
reconstruction projects mean high additional costs. On the other hand it might be
better to invest in house improvements to reduce the energy-bill during ones

pension than bringing the money to the bank.

9 Future prospects

From 1st of January 2012 a new OIB-directive-6 is valid for Austria. The restrictions
for HWB will be more severe — but the done modifications are not really big. To my
personal opinion the limits are still much too high. Even more effort has to be put in
tuning the energy-efficiency of our houses. From technical and economical point of

view much lower limits are possible.
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In addition to further improvements in home-efficiencies the Austrian energy-pass
also has to provide the primary energy demand (PEB) (relevant for the local
conditions) and the amount of CO2-emission caused by the individual home. The
limits for individual U-value will be the same as in the actual version of OIB-directive-
6. With this update of OIB-directive-6 the European directive 2010/31/EU will come
into force in Austria. Nearly zero-energy houses for all new buildings are the goal for
2020.

Also California just started working on new standards “2013 Building Energy
Efficiency Standards”- coming into rule 2014 (California Energy Commission -
Background, 2011). This update will emphasize the essential role of improving the
building energy efficiency to achieve California’s goal of reducing greenhouse gas
emissions. The new standards will be an essential step to achieve new building
standards “net zero energy” levels for residences by 2020. With this new release
[will be published as “2013 California Energy Code”] the life cycle costs (California
Energy Commission - LifeCycle, 2011) will be based on TDV energy to get a better
understanding of the saved energy during peak period or the distribution system is

near capacity.

For both countries it is clear, that more effort is necessary to maximize the energy
efficiency in all homes. Improving the building envelope is one essential step

reducing greenhouse gases.

California wants to reduce its emission in order to reach 1990-level again in 2020
(similar to a reduction of 25% of the emission of 2006!). In Europe the strategy (e-
control, 2010) is called “20-20-20", that means that the European countries want to
reduce their greenhouse gases by 20% (from the year 2005). 20% usage of
renewable energy and 20% more energy efficiency are the other pillars. Each
country has its own targets. The Austrian energy-strategy focuses on 3 points (more

details can be found on: www.energiestrateqgie.at):

1. Increasing of energy-efficiency
2. More renewable energy of the Austrian energy mix

3. Securing of the Austrian energy supply
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Especially for Europe there is the demand of becoming independent from instable
importing countries for heating with gas or oil. Reducing the heating demand

together with switching to renewable energy facilities is the way we have to work to.

10 Conclusions

When comparing the Austrian with the California legislation framework for residential
homes, it is obvious, that both rating-systems follow the same idea:

¢ Requesting the necessary data

e Calculation of a rating/index of the efficiency of the house

¢ Pointing out the improvements of the existing house

The Austrian energy-pass only looks at the efficiency of the residential house itself,

as well as the heating-system including hot-water-generation (HWB, WWEB etc.)

California’s HERS also includes the used electrical installations (used lamps, fridge,
pool etc.). The house owner gets an estimation of the energy-use of the individual

home.

In both countries it is handled the same: if essential information is not provided by
the owner, assumptions according to the age of the house and based on the

experience of the rater can be made. The final results are compared to a reference.

In Austria the rating is necessary for new buildings and when buildings are sold. In

California it is recommended.

The Austrian OIB-Directive-6 as well as the California Building Energy Standards

itemizes individual U-values for single construction parts.

It is still necessary for both countries, that standards were implemented to reduce

CO2 and put even more effort in improving the building energy efficiency.

It has to be transparent for the citizens that improving the insulation of the house-
envelope has more effects than reducing the monthly part used for heating:

¢ Feeling more cozy in winter and in summer (not so hot inside the house)
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¢ Ratings are needed for selling or renting houses
o If having a good value in the HERS rating or energy-pass the house
has higher quality than others.

e The house-owner can be a part of reducing CO2-emissions.

We all are responsible for our nature and environment. It should be clear that we all
need to do everything to get a better environment. 2005 Governor Schwarzenegger
said (Schwarzenegger, 2005): “I SAY THE DEBATE IS OVER. WE KNOW THE
SCIENCE. WE SEE THE THREAT. AND WE KNOW THE TIME FOR ACTION IS
NOW.” Let’s do it!
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13 Annexes

13.1 Details (current status) of Austrian Energy-pass
for the examples-houses — own calculations
based on (GEQ, 2011)

13.1.1 Example 1 - Energy-pass for single family house in Traunkirchen

Hom-Aulle memperatur: -14,3 "C Standort  Traunkinchen
Berechnungs-Raumbamperatr o "c Brutio-Rauminhalt der
Temperatur-Gifarenz HIK behelzian Gebaudetele: 634,84 m*
Gebaudehlfacha: 434,08 m*
Bautslla Flache WAMEd- Kom-  Kom-  AxUxf
koefiz faktor  fakior
A u T Th
M k] [ 1] [

ADD1  Decke zu unkondiloniertemn gaschioss. Dachraum 41,08 0,163 0,90 6,04
AW Aussanwand - Holzblock 109,59 0,251 1,00 2753
ANIZ Wintergarten 9,87 0,655 1,00 d44
D501 Dachechrage hinkerinat 73,75 0,163 1.00 1347
FEMTD Fensier w Tdren 7353 1,083 1,00 .77
EEQZ Winiergarten-Fussboden 23,63 0,235 o7 1.4 520
KDD1  Kelendacke iM,87 0,195 0,51 1,34 13,36
W1 Aussenwand - Holzbiock | Holiagemaun, Garage) 29101 0245 0,70 501
W32 Aussenwand - Holzblock (WIGa-Kalt Mordan) 15,55 0,245 0. 306

Summe OBEN-Bautale 38,57

Summe UNTEN-Bautele 25,53

Summe Aulerwandmachen 13,45

Summe Innemwandfachean 44 65

Fensierammell In Aulanwanden 26,5 % 43,64

Fersier In Innemwandan 713

Ferster In Deckemmachan 17,74
Summe [WiIK] 163
Wairmebriicken (pauschal) [WIK] 13
Transmissions - Leitwert L; [WiK] 176
Luftungs - Leitwert L, [WiK] 58 61
Gebiude - Heizlast Py Sl B E L kW] B, D6
Flichenbez. Heizlast Py bei einer BGF von 207 m*  [Wim* BGF] 3B, 89
Gebaude - Heizlast P, (EN 12831 vereinfacht) Lunwechzel = oo un [k 8,83
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Bauteile
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AE Berg & Berg Ferigparkett In Escha

Fab ] warme Zwischendecke zw. EG und 0OG

ADM Decke zu unkonditioniertemn geschloss. Dachraum

won Aullen nach Inres
B
B
B
B
B
B
Rza+Rsl= 02 Dicka gesamt
won Inren nach AuBen
B
B
B
B
Ree+RE = 0,17 Dicia gesamt
won Aullen nach Innen
B
B
B
B
B
B
B
B
Rza+Rsl= 02 Dicka gesamt
won Inren nach AuBen
B
FB
B
B
B
B
Rse+RE = 0,17 Dicka gesamt
won Inren nach Aulan
B
B
B
B
B
B
FB
B
Rset+RE =034 Dicka gesamt
won Inren nach AuBen
B
B
B
B
B
ReetRs = 0,26 Dicia gesamt

Dicke

00240
00010
L, 1000
0, 1400
02650

Dicke

00200
00200
0400
0, 1800
00010
00240
0,0200
0,200
03350

Dicke

00100
Lm0
010
0, 1500
00010
00200
02820

Dicke

00140
00010
00200
L1700
C,0EDD
00200
00600
00200
0,4250

Dicke

[,0400
[,1700
0,050
0,a050
00250
0, 2650

L
0,230
0,140
0,222
0,033
0,140
0,290

U-wart

0,140
0,140

0,140
U-wart

0,176
0,140
Q222
0,033
0,140
0,140
Q113
0,140

1,000
1,480
0,140
0,033
0,140
0,700
U-wart

Q,140
0,140
0,033
2,300
0,035
0,033
1,450
1,000
U-wart

0,140
0,033
0,140

Q,120
U-art

d! &
0,17
0,143
0,160
4,737
0,007
017
0,1E3
0,143

017

dr k
0,a1a
0,047
0,007
3,947
0,007
0am

0,23

d! L
0,10a
0,007
1315
0avs
2,285
0,303
0041
0,020
0,20

d! &
0,265
4,474
0174
0,100
0,203

0,18
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Bauteile

Ubungsversion_single-family home in Traunkirchen | Upper

1.402 02 Hoiz
PC-Dichiungsoahn
Stelmwale MWW (33)
1.402 02 Hoiz

1.402 02 Hoiz
PC-Dichiungsoahn
Stelmwale MWW (33)
1.402 02 Hoiz

AWD2  Wintergarten

1.402.02 Holz

EHD1 Keller - in Basis nicht beheizt

1.704.03 Fllesen
1.202.06 Estrichidelon
PwC-Dichaungsbahn
EXPORIT EPS F1E
PWC-Dichiungsbahn
1.202.06 Estrichidelon

EWD1  Kellerwand

1.108 04 Glpsbaupiaten
Styrodur 2500 © (50 mm)

1.202 02 Stanloeton

1.604.06 Kunstsiof-- & Gummibalag
Styrodur 2500 © (50 mm)

EW02  Kellerwand - Bereich Gastezimmer

1.108.04 Glpsbauplaten
Styrodur 2500 © {50 mm)

1.202.02 Stahbetan

1.504.06 Kunsisiofi- & Gummibaiag
Styrodur 2500 © {50 mm)

I3 Aussenwand - Holzblock [Holzlagerraum, Garage)

won Inreeri nach AuBen

Ree+Rg = 0,26

W02 Aussenwand - Holzblock (WiGa-kalt Morden)

Dicka gesamt

won Inreeri nach AuBen

Ree+Re = 0,26

Dicka gesamt

won Inreeri nach AuBen

B
Ree+Re = 0,17

Dicka gesanmt

%on Inreri nach AuBen

Ree+RE = 0,17

Dicka gesamt

won Inreeri nach AuBen

Ree4Re = 0,13

Dicka gesamt

%on Inreeri nach AuBen

Ree+RE = 0,13

Dataulfmmin

Dicks gesamt

Dikcke
L, 1400
0,1400

Dicke

L0200
C,0€00
0,0010
0, 1€00
L0040
L0500
02320

Dicke

00130
00500

L0050
0,0500
0,4200

Dicke

L0130
L0500
0, 3000
00030
00500
0,4200

0,140
0,140

0,140
U-wert

0,140
0,140
0.0
0,140
-art

0,140
-Wart

1,000
1,480
0,140
0,040
0,141
1,480
-wart

0410
0,033

0210
0,033
U-wart

2410
0,033
2,300
0,210
0,033
-wart

d! &
0,171
0,007
2532
1,000
025

dr k
0171
0,007
2532
1,000
0,25

darl
1000
0,85

d! L
0,020
0041
0,007
4,000
0,007
0032

0,23

dr k
0037
1515
0,133
0024
1515
030

=
04037
1515
0,139
0024
1515

0,30
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Geometrieausdruck

Ubungsversion_single-family home in Traunkirchen | Upper

EG  basis

A= 5,72 b =

Nr2 lichte Raushohe =
BGF 4, &8m®
Wand W1 Z6,BEm?
Wand WI Z6,BEm?
Wand W3 Z6,BEm?
Wand Wé

[ecion 34, 4dmd

Boden 34, 48ms

EG  rectangle-Schlafzimmer

a = 4,83 b =
Mr 18 lickte Raushohe =

BLE T, 40

1 W1 4, 150

1 W2 -13,63m

I W3 &, 15"
I W& 13,63m"

T, 80
T, d0m®

EG  Wintergarten-Anbau West
Nr 76

e

BLF 23, 6Em*

Boden 23, 65m”

| 3

EG Summe

F
2,50 + cbere Decke: 0,27
BRT 261, 33m?

ARl Agssemwand Halzblack

AHCL

TWil Halzblack
AHCL Halzblack
5,03 i g ¥ Hobm|
TWOZ A seskaind Halzblack

2001 warme

EDl Hellerdecke

1,50
2,50
BRI
IWdZ
T
T
T
2001 warpme Ewischendecke 2w
EDOGl Hellerdecke
a, 00
3,82

3,09 + cbere Decke: 0,35
BRT BE, B0m?

ANODZ WinCergarien

AL Ruaseswand Halzblack
AMOZ Wintergaste

AR
]
ERdZ

cexlaft
1= FPaasboden

EG Bruttogrundfidchs [mf]:
EG Bruttorauminhatt [m]:

Ewlschmndecke 2.

[Halilagersaun

(WiGe-kalt Mo

B und oG

- B und OG

= 3,44m

{ 3

125,56
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Geometrieausdruck

Ubungsversion_single-family home in Traunkirchen | Upper

DG Obergeschoss

DG rectangel - OG
Mr 18

DG Summe

DG BGF - Reduzierung

Deckenvolumen EBO2

Deckenvolumen KDO1

Dachneiguny a(®) 35,00

a = z b = %72

hl= 0,50 k2 = 0,90

lichte Paushohe(h)= I,50 + obere Decke: 0,32 =» 1, 8Im

BGF 94, 45m° BRI 215, 42=?

DazlEl .

Declke

wWand Wl 1 Russenwand - Halzblack

I WX

RWand W3

Wand Wé

Db 1 Dachachrage hi Laftet

Dozl 1 Decke 2o wnkar Lextenm geschloss.

Baoclen 1 warpe Zwischendecke s, BEG wnd 00

a = 4,53 b 1,50

lichte Paushohe = 21,50 + chere Decke: 0,34 =» 2,54m

BGF T, 40m°% BRI 20, 96w

wWand Wl 1 Ruasenwand - Halzblack

Wand W2

Wand W3

Wand Wi 1

Drec e 1 Dachachrage hintexloftet

Bosden T.a0m® Z0O0] warme Swisckendecke zd. BG und O
DG Bruttogrundfiiche [mf]: 101,87
Dz Brutterauminhatt [m): 236,39

BGF Reduzierung = BGF-Hohe klelper 1.5 @

Pedurierung = 20,24 m?

Summe Reduzlienng Bmmﬂfﬂﬂ'ﬁ [me): -20.24
Flachs 23,68 ' x Dicke 0,28 m = £, 68 mt
Fla<hs 101,87 = ® Dicke 0,43 5 = 43,39 @Y

Bruttorauminhalt m?): 43,97
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Fenster und Tiiren
Ubungsversion_single-family home in Traunkirchen / Upper
Tye Hatel Ene Barsekhirung Flache Uy [T} (3] Bz [ Axlal | @ h
wl [AsRE] [AEeR] k] far] AR
N
=] EG Aan 2 100a1. 18 1 288 1,74 1.5 ak| o aps
Sehlalsrimm
a EC A 1 3TRxlX- 50 1m0 810 5 a7 1,10 gin| 0&r OBs
Wl fl gl
a EC W@ 1 ZA0a 200 240 1M 528 5 1.5 S40| 0Er DBt
Wl rilpngmrten - Mo
a 3 AM0T 1 157w 119-Empoie | 107 119 127 g 1 | nEr omE
a O Aa01 1 1,002 210-Empom 1490 3 225 1587 1.5 240| o&r DBs
L] ALELH] prks ]
o
a EG AWO0T 1 157 1,19 - Eviem W 137 g 1 | nEr omE
a EG W 1 107 21,19 - Bad 197 1 1,27 DEd 1,50 1,08 nEr aps
=] EG  iain 1 1,00 w 0,5 - 100 0% 0as s 1,5 57| O&F DEE
Segaifiim
a O A0l 1 100119 - Evkai 1497 119 127 D 1.3 58| nEr OBt
4 i 508
k]
] EG Awan 1 00 e 210 - Hwsm i a2 1,80 35 4,40
a EC Awdl 2 1,07 x119-Edai 1497 1,149 255 1,78 1.5 5| oar DBt
=] EG A 1 1,07 w1, 18 - aewen 180 1,1 1,27 LY 1,5 15| 0&F DB
a EQ AW 1 RTHx 2. R0 2m 810 a7 1,10 ain| oEr e
ol il p gl erreans
a D5 &0 2 1,07 2119 - Eviai i0F 1 255 1,78 1,50 as| oer oes
T 16,358 AR
W
a EC An01 1 1,007 x 1,19 - Edeai 1497 1,19 127 D 1.5 158 DEr DEE
a EQ swiz 1 BEQe 220 LU T ET ) CRE N R U T T
el e gamilen
a EG D& 1 SiQa 30k EEQ Ak 17 TE 243 0B 4| oEr OpE
Wl rl gl Dty
a ;AW 1 1,07 w119 - Eriei 1497 1,19 127 D 1.5 %8| nEr DEs
4 Ak ELE- ]
Samma 3l bEE- ) L]
tRatiran P mrt A3 Cafilche
Gl
Firtili g bavE Eurn Binilnrad s abiliucks
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13.1.2 Example 2 — Energy-pass for single family house in Baden

Norm-AULENtE MpSraur: -125"C Standor: Baden
Berachnungs-FaumismpSrat 20°C Brutto-Rauminhait der
Temperatur-Difzrenz 325K pehalzten Getdwdesie: 557,75 m?
Gendudehiifache: 458,85 m*
Bautalis Warmed- Korr-  Korr- AxUxt
FI3che  “ygoemz.  fakbor  fakior
A U f m
[m7  [WEm=K]  [1] 1] [Wik]

AW Aulenwand - KG 18,37 0,244 1,00 473
AWIZ Aussenwand-verpuizt 18B77 0,144 1,00 7.1
DOO1  Aulendecks, WArmesirom nach urten (Schiafzl) 451 0,182 100 135 199
FOO! Aulendecka, Warmesiram nach aben 106,49 0,132 1,00 14,09
FEMO Fenstar u. Tdren B541  0pas 1,00 53,76
KDO1  Decke Zwunkondiiniertam gedammizn Keller 101,37 0,227 050 1,35 15,67
IWD1  Aussenwand-verputzt (zu Garage) 336 0,142 a,70 0,33

Summe OEEN-Bautelle 1DE,£8

Summe UNTEN-Bawele 106,258

Summe Aulemwandnachen 20E,14

Summe Innenwandiachsn 3,36

Fenstarantall In Aulenwanden 23,3 % 65,41
Summe [WiK] 122
Wirmebriicken {pauschal) [WIK] 12
Transmissions - Leitwert Lt [WIK] 134
Liiftungs - Leitwert Ly, [WIK] 58,497
Gebiude - Heizlast Py Luftwecnsel = 0,40 10 [kW] 6,27
Flachenbez. Heizlast Py bei einer BGF von 208 m*  [W/m® BGF] 30,07
Gebdude - Heizlast P, (EN 12831 vereinfacht} Lurwechsel-0.511m [kW] TA2
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Bauteile

Ubungsversion_single-family home in Baden - (status now)

AWD  AuBenwand - KG

KNaAUT GIpskanon Feusrschutzpiatts

1.202.02 Stahibeion dazw.
Stahineton

1.202.02 Stahineson dazw.
Stelnwalle MW-WF 60

s3inppor TO0 EPS-W2Q {220mm)

1.202.02 Stani: Acnhsabsiand 0,625 Brene
AWD2  Aussenwand-werputzt

StoLotusan KMP

o Karkpiatta

StoColl RC

DHF 13 mm

Abhangung - Latbung dazw.
Zelluosegammplatte

Abhangung - Lattung dazw.
Zellulasegammplate

5B 15 mm

Abhangung - Lattung dazw.
Zellulosegammplate

Femmacel 12,5 mm

Abhangung - Lattung:  Achsabstand 0,625 Brehe
Abhangung - Lattung:  Achsabstand  DE25 Breke
Abhangung - Lattung:  Achsabstand 0,625 Brehe
EW01  AuBenwand - KG - erdanliegend

Knauf Gipskaron Fausrschuizpiate

1.202.02 Stahibeton dazw.
Stahieton

1.202.02 Stanibeton dazw.
Stalnwalle MW-WF 50

gieinopor 700 EPS-W24 {220mm;)

1.202.02 Stahi: Achsabsiand 0,625 Brefe

1.704.0E Flasen
Zementestrich

Polyethylenbahn, foille (PE)
Polystyrol ERS Trittschaldammplatte
Polystyral EPS 20

Bhuman

Stanlbaton

AUSTROTHERM XPS TOR 30

RTo 4,B24E RTu 3,350

RTo 7,1380 RTu &73E3

RTo 47937 RTu 33108

worn IFnen nach Auken

EUIUIUIUJUIUI

RT 4,
0,300

T3

8,0%
37 %
400 %
433 %

Dicke gesami 0,4200

won Imnen nach AuEen

E!UJUJUIUJUJUIUJUJU!UJUJUJ

&

532
0,020
0,020
0,050

8,0%
52,0 %
8,0%
520 %

30%
52,0 %

Dicke gesami 0,3380

won Imnen nach AuEen

B
B
B
B
B
B

RT 4,0532
0,300

8,0%
8,7 %
400 %
433 %

Dicke gesami 0,4200

wom IFmen nach Auken

MmmMmmOImimmMmimm

Rza+REl=0,17

EKD1 erdanliegender FuBboden in unkonditioniertem Keller {=1,5m unter Erdreich)

Dicke s
a,02a0 0,250
2,300
Q0500 2,300
2,300
0,2500 0,023
0,10a0 0,035
U-wiart
Rse+Rel DT
Dicke Yy
Q0050 0,700
a,0400 0,025
a,0020 0,730
a,0130 0,100
a,10a0 0,120
0,020
0,10a0 0,120
0,020
a,0150 0,130
0,0500 0,120
0,020
a,0130 0,350
U-wiart
Rsa+Rel DT
Dicke Yy
Q0230 0,250
2,300
a,0s00 2,300
2,300
03,2500 0,023
a,10ao 0,035
U-wiart
Rsa+Rel D12
Dicke L
a,01a0 1,000
0,0500 1,700
0,0001 0,200
a,0400 0,024
Q0800 0,038
0,0050 0,230
03,2000 2,500
a,1cao 0,038
U-wiart

Dicke gesami 04651

al L
0,0EQ
0,083
0,011
0,063
3,023
2,887

0,24

dr L

0,007
0,583
0,003
0,121
0,0E7
2,300
0,067
2,300
0,115
0,033
1,180
0,025

0,14
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Bauteile
Ubungsversion_single-family home in Baden - (status now)
DM warme Zwischendecke
wor Innen nach Auien Diicie . al
AB Berg & Berg Fenigparnkett in Esche E 0,0150 0,120 0,125
Korksahrod natur B 00050 0,050 0,083
Flie@astrich FE 0,0550 1400 0,083
Estrichiolle ] 01,0001 0,500 0,00d
EPST E 0,0400 0044 0,509
Bachl EPS W-20 B 00500 0,038 1,318
Holz - Brettschichtholz ] 03,1470 0120 1,225
RsesRsl = 0,26 Dicke gesamt 03521 U-Wert 025
KD Decke zu unkonditioniertem gedimmten Keller
won Irnen nach Augen Dicke L ar k
A8 Berg & Berg Fenigpankett in Esche E 03,0150 0,120 0,125
Korkschrot natur ] 10,0050 0060 0,083
Flie@astrich FE 0,0550 1400 0,033
Esirichioile B 0,00a1 0,500 0,000
Bachl EPS W-20 ] 0,0400 0035 1,053
Bachl EPSW-20 E 0,0530 0038 1,318
Eetonhahidisle - Decke [rah < = 2E0 kgim?) B 0,2000 1,000 0,200
EPEF E d,0530 0040 1,230
RsasRsl = 0,34 Dicks gesamt 04151  U-Wert 0.23
[ ] AuBendecke, Wirmestrom nach unten (SchlafZi)
won Irnen nach Augen Dicke L ar k
A8 Berg & Berg Fenigpankett in Esche E 03,0150 0,120 0,125
Korkschrot natur ] 10,0050 0060 0,083
Flie@astrich FE 0,0550 1400 0,DE3
Esirichioile B 0,00a1 0,500 0,000
EPST ] 0,0400 0044 0,909
Bachl EPS W-20 E 00,0500 0038 1,318
Holz - Brsttschichtholz B 0,470 0,420 1,225
Abhangung - Lattung dazw. E 30% d,0530 0,120 0,033
Zelluosegmammplatte ] 52,0 % 0040 1,130
Abhangung - Latbung dazw. E 30% 0,0500 0,120 0,033
Zelluosegmammalatte B 22,0% 0,040 1,150
35-Platte ] a,0130 0,000 0,00Q
RTa 62348 RTu E€0%14 RT E,13E0 Dicke gesamt 04711  U-Wert 048
Abhdngung - Lattung:  Achsabstand 0,625 Brehe 0,050 Rze+Rsl 0,21
Abhangung - Lattung:  Achsabstand 0,625 Breke 0,050
FDM AuBendecke, Wirmestrom nach oben
worn Aulen nagh Innen Diicie . al
Sarnafll TS 66 E 00020 0,200 0,010
Polystyral EPS 20 B 02500 00358 6,579
Farmavap 1000 E a,00az 0,350 0,001
Hakofelt 300 E 00020 0,200 0,010
Holz - Brettschichtholz E 0,0530 0,120 0,617
Rse+RsEl = 0,14 Dicks gesamt 03522  U-Wert 013

Bauteile
Ubungsversion_single-family home in Baden - (status now)
Wi Aussenwand-verputzt (zu Garage)

WM Irnen nach Auken Diicke L al i
StoLotusan KMP B Q.0050 0,700 0,007
Sto Korkplatte B 0.0400 0,045 D,8E3
StoColl RC B Q0020 0,700 D003
DHF 13 mm B Q0130 0,fa0 0420
Abhangung - Latung dazw. B 80% Q,10a0 0,420 DDET
Zelluosegammplatie B 52,0% 0,040 2,300
Abhangung - Lattung dazw. B 8,0% a,10ao0 0,420 D00DE7
Zellwosegammplatie B 520% 0,040 2,300
CSE 15 mm B Q0150 0,130 D15
Abhangung - Lattung dazw. B 30% Q.0200 0,120 D033
Zellwosegammplatie B 520% 0040 1,180
Femnacel 12,5 mm B Q0130 0350 D035
ATo 72792 RTu €823 RT 7,0533 Dicke gesamt 0,3380 W-Wert 0,14

Abhangung - Lattung:  Achsabsiand 0,625 Brene 0,020 Ree+Rel 0,26

Abhangung - Latbung:  Achsabstand  DE25 BreRe 0,050
ADhangung - Latung:  Achsapstand 025 BreRe 0,050

v 1L
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Geometrieausdruck
Ubungsversion_single-family home in Baden - [status now)

EG  ground floor - basis

Nr2 = 11,8%
= 2,53 + ghara Dacka: 0,35 =x 2, 94m
47 BRI 337, 687m?

RHCI Russenwand-vearm
ot el
ot el
577 x 2,94
RROL
RRCI

ZD01 warme Lwi

EDO1 Decke zi

ionlartan gedimntan

EG
0,35 = Z,04m
20 Gazrage)
ilarran gadimmtan
EG

larran gadimstan
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Geometricausdruck

Ubungsversion_single-family home in Baden - (status now)

EG  minus rectangle (terrace)

Nr 22

EG Summe

DG 1st floor
Mr 45

-I b
 —
a

DG minug rectangle (garage)

a = 0,34 I
lichte Raumbdibe
BGF —-&, &5m?

Wand Wl
Wand W2
Wand W3
Wand W

-2, 17
—&, &59m?
—&, &59m?

128, 12m?
31, Z5m?
Wand W2 =4, TEm?
Wand W3 21, Z5m?
=4, TEm?
128, 12m?
=121, &1m?

Tallumg 4,51m?

= 7,1z
= 2,83 + phaza Decka: 0,35 <> 2, 04m

BRI -15, §5m?

ARDZ Aussenwand-varpurzt
AROZ
AWOZ
AROZ
ED01 warme Iwiscd
KDO1l Decke 2u ankandic

EG Bruttegrundfidchs [m3):
EG Bruttorauminhalt [m®):

11,82

371, 07m?

ARDZ Aussenwand-varpurzt
AROZ
AWOZ
AROZ

2,5% ¢ chera Decka: 0,30 =3

ionlartan gadimmtan

101,37
300,02

2, 94dm

FOOl AuBanrdacks, Hirmeatiom pach al=ae

EDO1 warme Iwischandacks
Lool

1,00
BRT -1, 85w

AMOZ Aussenwand-verpar st
AHD2

AHD2

ARO2

EDO]1 warme Iwischandacks

2,59 + sbara Dacka: 0,35 <> 2, 04m

FOOl AuBanrdacks, Hirmeatiom pach al=ae
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Geometrieausdruck
Ubungsversion_single-family home in Baden - (status now)

DG minus rectangle (bathroom)

Z =x I, 04m

lm? RWOZ Rusassndand-verparzt
i3 RWOZ
3 RWCZ
3 RWCZ
3 FIOL Aubandacka,

2001 warme Iwiach

Z =x I, 04m

D01 AuBandacka,
ZD01 warme Iwisch

DG Bruttegrundhidchs [m3): 106,43
DG Brutterauminhalt [me): 313,30
Deckenvolumen KD
Flachs 101,57 m? » Dicka 0,42 B = 42,33 md
Deckenvolumen DD
Flachs 4,51 m? x Dicka 0,47 B = 2,12 m?
Bruttorauminhalt [m©): 4445
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Fenster und Tiiren
Ubungsversion_single-family home in Baden - [status now)
Tye Bauteil Anz Bereichnung Breite Hobe Flache g L FEl Ay Lk ddlat | g 1]
[ T T T T U B T
E | Profmermmad Typ 1 (T1] 123 148 18 a7d 1,00 004D 133 090 051
HO
ET EC MWI2 2 1 75x0ET 178 OET 305 O 1,00 0040 1,80 Doz ZEI| 0E1 OBs
BT EC ANI2 1 050xI2E 05y 23S L L g 1,00 0040 053 1.02 117|051 DBs
ET™ E ANOE 1 05T E0ET 057 QE [FE-C I .00 004D D48 a7 QE| D51 DBt
E T E N2 1 L0xZ2E- 1 Pln 140 E= 25 142 251
Esngangsil
ET™ DO AWIe 3 1 765x0ET 175 0ET 457 070 .00 0040 2BE a3 423|081 0Bt
] 1211 1284
MW
ET EC AWIR 7 1 34xZid T34 I 3z oF .00 004D B2 - -] 302|051 DS
E T OO BNIE 1 10BxZ2E 108 2 245 0T 1,00 0040 170 ul: ] Zi7| 081 OBE
E D3 AN 1 0EEx0ET 028 OET o™ oFd 1,00 0040 040 098 74| 051 DBs
3 67s L4k ]
=0
E T | E MW 1 U5 xTEd oo 254 248 0T 1,00 0040 188 0G0 e} 1 OB
E T | DO AN 1 1E0x13T - . B 25 oF0 1,00 0040 185 0a7 I3S| 051 DBs
2 547 4,47
=W
BT | E AMNCD D AT IEd R A e 1,00 0040 58 0as5 E5T| 051 ODBs
ET™ E ANOE 3 0B xTEd 108 & B o7 .00 004D &M il ] T 051 0af
E T E M 1 OT4xIEd 074 54 186 070 1,00 0040 130 k] 153|051 OB
BT E AMNTD 1 T44x T4 I144 T4 645 OF0 1,00 0040 515 o1 £23| 051 0DBs
ET EC MWIZ 71 130xZEd4 132 IEd 340 070 1,00 004D 25D il -] Z0a| 081 OBk
BT DO AN 2 098x137 058 137 267 QF0 1,00 004D 185 093 Z4&7| 051 DBs
ET™ OO MWIe 2 1 75x228 178 Z3E T8 070 1,00 004D &8 Dpa ETFO| D51 OBs
ET™ | DO MW 1 1965137 195 1.3 2E7 070 .00 0040 103 ik 23| 081 OBt
13 41.47 k1Y ]
Sumiie = 2540 5343
P arar Korresturkoefizent  Ag  Clasdd
L LL D gl ek
E._ Fafsber gahdit zum Besiand des Ceabal e

13.1.3 Example 3 — Energy-pass for single family house in Altenfelden

Horm-AULEN Emperaur: -15,8 " Standon: Altenfeiden
Berechnungs-Rawmbamparatur 20 "C Brutto-Rawmninhalt der
Tempesatur-Oifarenz IFIK pehalzien Gebaudetele: 48344 m*
Genawdendifache: 47E,E2 m*
Bautells Warmed- Kom-  Korr- AxUxr
FIGche  “goemz fakior  fakior
A u f 1m
[m3g Rl 1] | [WiK]

ADD1 Decke zu unkondilniertem geschioss. Dachraum 14521 0,345 2,30 45,74
AWDZ Aulenwand-EG 110,97 1,142 1.00 125,71
AWD3 Aulenwand-ES - mi Etemitveriizidung 1645 0,E55 1.00 14,26
FEMO Fenster u. Tdren 221 1,643 1,00 41,35
KDO1 Decke zu unkondiianiertem ungedammien Kaller 14521 D054 0.70 53,29
W01  Wand zu sonstigem Pufferraum (Stegenhaus) ZES54 1,361 0,70 7,18

Summe OEEN-Bautele 145,21

Summe UNTEM-Bautele 145,21

Summe Aulenwandnachen 127,45

Summe Innenwandiachan 28,54

Fensterantsll In Aubenwanden 133 % 20,56

Fenstar In Innenwanden 1,86
Sumime [WiK] 325
Wiarmebriicken {pauschal) [WiK] 23
Transmissions - Leitwert Ly [WiK] 47
Liiftungs - Leitwert L, [WiK] 42,21
Gebdude - Heizlast Pyt Luftwechsel = 0,40 14 [kW] 13,98
Flachenbez. Heizlast Py bei einer BGF von 149 m* [Wim® BGF] 93,70
Gebiude - Heizlast P, (EN 12831 vereinfacht] Lumwecnsel =050 1m kW] 14,83
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Bauteile

Ubungsversion_Single-Family home in Altenfelden / Upper

AWD2  AuBenwand-EG

Riifly 180 Kalk-Glps-Innangutz
2.202.02 Lecabetonwandelament
Dammgutz EPS

1.704.0B Flesen

1.202.DE Estrichb=ton

Leca-Sondtung

Zlegelhohikirper mit Aufbeton (Decke)
Rafx 190 Kalk-Gips-nnerputz

ADM Decke zu unkonditioniertemn geschloss.

1.202.0E Esbrichbaton
gi2inopos 700 EPS-F (100mm}
Eetonhahikarpar mit Awbeton (Decke)
Riifly 180 Kalk-Gips-Innangutz

Rty 190 Kalk-Gips-Innenputz
2.108.00 Lacabatonstein
Ry 150 Kalk-GIps-Innenoutz

AWD3  AuBenwand-EG - mit Eternitverkleidung

Riifly 180 Kalk-Gis-Innangutz
2.202.02 Lecabetonwandelament

Dammgutz EPS
Lt steh., W-FIuss hodzontal 35 < @ < =40 mm
ALIRIA Wangschindel

worn Innen nach Auien

B

B

B
Resa+REl = 0,17

KD Decke zu unkonditioniertem ungedimmiten Keller

Dicks gaaamt

WO |MAEN Nach ALGEN

mmm m

B
Rea+REl = 0,34

Dachraum

Dicke gesamt

WO AUBEN N3ch Innen

B
B
B
B

Ree+Rsl = 0,2

Wi Wand zu sonstigem Pufferraum (5tegenhaus)

Dicke gesamt

won |rnen nach Augen

B

B

B
Rea+Rsl = 0,26

Dicke gesamt

worn Innen nach Auien

mmm mm

Rse+REl = 0,26

Dicke gesamt

Dicke
Q.0230
Q,3000
Q,0300
0,3500

Diicke
Q0130
a.,0200
Q,10a0
0,2200
Q0130
03300

Diicke
Q.0200
a,10d0
Q,10d0
Q0130
0,200

Dicke
Q0130
Q,2200
Q0130
02700

Dicke
Q.0230
Q,3000
Q.0300
0.0400
Q.0050
0,3350

0,7a0
0,830
0,093
U-wart

1,040
1430
0,120
0,738
0,7a0
U-wart

1430
0,040
0,8a0
0,7a0
U-Wart

0,7a0
0,550
0,7a0
U-wart

0,7a0
0,830
0,093
0222
0,530
U-wart

dal i
0,029
0,381
0,318

1.14

dal i
0,012
0,032
0,833
0,283
0,012

065

dal i
0,022
2,500

dai 3
0,029
0,381
0,318
0,180
0,012

0.87
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Geometricausdruck
Ubungsversion_Single-Family home in Altenfelden [ Upper

EG  Basis
Mr2

EG

EG  Balkonkorrektur-Westen

0,28 =x Z,85m

} huBandand-BG - pit Efarnpitvarklaldung
1 hubanWand-BG

Geometrieausdruck
Ubungsversion_Single-Family home in Altenfelden [ Upper

EG  Balkonkorrektur-Siiden

A8 =x Z,HSm

3 huBanwand-BG - mit Brareitwarklaldung

3 hiBanuand—EG
a 1 Decke zi un
1 Decke zi an

EG Summe EG Bruttogrundfidchs [m): 1481

EG Brutterauminhatt [m®): 42525

Deckenvolumen KDOA
Flicha 143,21 m? x Dicka 0,3% m = 55,13 m?
Bruttorauminhatt [m®]: 58,19
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Fenster und Tidren
Ubungsversion_Single-Family home in Altenfelden [ Upper
Ty Bainell Anr Beraohnung Breite Hobe Flache LUy L F&l Ay Lhw At | g ]
[iri] ] [d]  [WdrcR] PAaRR] DWW e DANRE] DA
B | Profreommad Ty 1 T1] 123 148 182 1,8 1,65 ooEd 1,23 1,82 0,683
H
B | E el 1 085 1,05 Hauwlr 7u| gzs5 1,05 188 200 i+
Edigngen hair
1 1,88 F3~]
o
B E AT 1 T EEE- 124 1,30 1,E1 1,13 1,90 08| 0E2 DB
Kindeiminear
B E AT 1 1 24x054 - Bad 124 054 v 0.55 1,90 1,51| DE2  DBE
E EQ aMz 1 1.2dx130- 12 13 1681 113 1,90 208|082 OB
Exchlartimimer
B E a1 17dx1.480- 114 &l 16D 112 1,90 303|062 085
Wahniraed
B E a1 10xZi0- 110 Ei0 23 1.682 1,90 43| DE2 DES
Whshni riTeed At ang
5 T42 15,05
5
E EQ amz 1 22dx130- 33 13 A 20e 1,90 £53| DE2 DB8s
W e
B E MM 1 1,10% I,10- Essplals 110 10 23 1.62 1,90 4.3 | DE2  08s
B E AT 11,14 % 1,30 - Esspdaiz 1,14 1,30 145 1.0& 1,90 TEM| DET DB
3 6t 1474
W
E EQ AWz 2 ;Q-'Nx1.3’3-5ﬂ-iili-' 114 13 298 207 1,90 53| DE2 D8s
e
B EG AwWDE  1 11dx1.30- 114 13 148 1.0& 1,90 FEF| DE2 085
A bdilsaum
B E mNE 1 1,142,530 1,14 1.3 1,48 1.0& 1,90 TE3| DE2 DES
Kinda 2 imiear
4 5492 11,27
Sumie 13 T2 1,58
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13.1.4Example 4 - Energy-pass for weekend
Schwarzenberg/Hochficht

Horm-Aullentempsratur: -153 °C Standort: Schwarzenberg m Wlhilkrel
Berachnurngs-RaumbsmpSrati. 20 °C Brutto-Rawminhalt der
Temperatur-Oifarenz 353K pehalzien Gebaudetsie: 44647 m*
GensudendiMiche: 455.E6 m*
Bautells Fiach Warmed- Kom-  Korr- AxUxt
®  koefMz.  faktor  fakbor
A U f m
[mg Rl 1] 1] [WiK]

AWD1 Aulenwand-Grantt BESTAND 5307 0745 1.00 1,36
AWDZ Aulenwand-Zlage! jadapion 1555 - nach Aussen 881 0772 1.00 5,30
FETO Fenster u. Tdren 1550 2205 1.00 34,19
EBO1 erdanliegender Fulbaden (<=1,5m unter Erdrelch] 15267 0454 0.70 43,56
AGODT Decke Zu sonsligem Puerawm nach ocoen {Iving 50,31 0,047 0,70 525

raom)
AGDZ Decke zu sonsigem Pufferrawn nach coen (kitchen) 1550 0838 0.70 7.58
AGDZ Decke zu sonsigem Puermasm nach oden BE26 3633 0,70 213,40

skeeping-room)
W01 Aulenwand-Grantt Zu urisehelztem Schupgen 9,85 0835 0,70 4,81
W02 Aulenwand-Zlage! Zu unibehalztem Schuppen 3329 0740 0.70 17,71

{Adaption 18B5)

Summe OEEN-Bautells 152,67

Summe UNTEM-Bautele 152,67

Summe Aullenmwandfiachen 91,85

Summe Innenwandiachsn 43,14

Fensterantall In Aulenwanden 12,1 % 12,30

Fenster In Innenwanden 1,70
Summe [WiK] 407
Wiarmebricken {pauschal) [WiK] 10
Transmissions - Leitwert Lt [WiK] M7
Liiftungs - Leitwert Ly, [WiK] 4319
Gebdude - Heizlast Py Lufrwecnsel = 0,40 1 [kW] 16,25
Flachenbez. Heizlast Py bei einer BGF von 153 m*  [W/m® BGF] 106,44
Gebdude - Heizlast P, (EN 12831 vereinfacht) Lurwechsel =050 1n [kW] 16,87

home

in
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Bauteile
Ubungsversion_weekend-home in the mountains - (status

AW  AuBenwand-Granit BESTAND

Wom |MREn nach ALEen Dicke L
Zementputz B a.01a0 1,000
Stosranit B # 0,5000 0,700
ZEMEemputz B 0,030 1,000
fAze=Rsl = 0,17 Dicke gesamt 0,300  U-Wert
wid AuBenwand-Granit zu unbeheiztem Schuppen
won |rnen nach Augen Dicke i
ZEMEMpUE B 0,01do0 1.0d00
Stosranit E#F 0,5000 0,700
Zementputz B 0,02a0 1,000
Rea+Rsl = 0,26 Dicks gesamt 08300  U-Wert
w2 AuBenwand-Ziegel zu unbeheiztem Schuppen (Adaption 1383)
WM | MMEN Nach ALGEN Dicke i
Zementputz B a.01a0 1,000
2.406.02 Schlackenbstonsiein 25 cm B 0,30a0 0,630
Heraklth-8M (5,0cm ) B 00,0500 0,091
Zememputz B 0,030 1.000
Rse+Rsl = 0,26 Dicke gesamt 03800  U-Wert
AWD2  AuBenwand-Ziegel (Adaption 1985) - nach Aussen
won |FREn nach AlEen Dicke i
ZEMEmputz B 0,01do0 1,000
1.106.0E Setonhonisteinmausrvark B 0.3000 0,250
Heraklth-8M (&,0em ) B 0,0500 0,091
ZEMEMpUtz B 0,030 1,000
fAze=Rsl = 0,17 Dicke geaamt 03800 u-wart
EBD1 erdanliegender FuBboden (<=1,5m unter Erdreich)
won |rnen nach Augen Dicke i
Holzbaden, Vollhalz Nadal B 00,0300 0,120
Rlagel danw. E#F 9.1 % 0,120
stelnopor 700 EPS-W1E (220mm) E # 50,9 % 0,0EQ0 0,041
1.202.02 Stahibeton B 0,10dao0 2,300
RTa 2,138 RTu 21238 RT 21562 Dicks gesamt 02100  U-Wart
Rlegel Achzabsiand 0,550 Brefe 0,020 fAszazRsl 0,17
AGIH Decke zu sonstigem Pufferraum nach oben (living room)
won AURen nach Innen Dicke L
Firoh B # 0,30a0 0,047
3.304.02 Tram-Traversendacke 20 cm B 0,z2000 0,550
Ree+Rsl =02 Dicke gesamt 0,5000 u-wart
AGD2 Decke zu sonstigem Pufferraum nach oben (kitchen)
worn AuZen nach Irmen Diicke i
1.202.02 Stahibeion B 01500 2,300
Rlegel dazw. E#F 55% 0,120
stelnopor 700 EPS-W1E [220mm) E # B45 % a,0sa0 0,041
1.108.04 Glpsbauplaten B 0,000 0410
RTa 14265 RTu 14176 RT 143X Dicke gesamt 02200  U-Wert
Rlegel Achzabsiand 0,550 Brefe 0,020 AszazRsl 02
AGD3  Decke zu sonstigem Pufferraum nach oben (sleeping-room)
wion AUREn nach Innen Dicke L
1.202.02 Stahibeton B 01500 2,300
ZEMEemputz B 0,01do0 1,000
Ree+Rsl =02 Dicke gesamt 01600  U-Wert

al i
0,013
1,143
0,020

0,74

dal i
0.01a
1,143
0,023

0,70

al i
0,01a
0,475
0,550
0,023

0,78

al i
0.01a
0,545
0,550
0,020

0,37

dal i
0,250
0.0E1
1,774
0,043

0.48

al i
6,383
0,211

0,15

al i
0,085
0,023
1,153
0,043

0,70

al 3

0,085
0,013
3,63
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Geometrieausdruck
Ubungsversion_weekend-home in the mountains - (status

EG  basis - granite part
Mr2

Al RiBandan
1 RiBandan

2 Decka ik Sonatigesm PUffarfaidlm ha

Fubbodan («=l

EG
a
EG Summe EG Bruttogrundfiachs [m7); 152,67
EG Brutterauminhatt fm*): 41441
Deckenvolumen EB01
Flacha L2, T m? ¥ Dicka 0,21 B = 32,08 m?
Brutterauminhalt [m®): 3208
Fenster und Tiren
Ubungsversion_weekend-home in the mountains - (status
Tye Bauteil Anz Beresfnung Bmite Hohe Flache LUg Lo P&l 5] Lk Adlat | @ B
[l [l [wA] [ ANRD DWNE  DARTR] A
E | Profecmmimad Tye 1 (T1] 123 148 18 LT 1,55 004D 1,23 242 a7z
o
B EC AW 1 7.00% 1,30 Hiehe 100 1,30 1,3 ] 238 00| oE2 OBE
[Holz il S-fach
B EC AW 37100 e 1,30 - Whnd 100 1,30 2ED 1,82 238 E19| DE2 DBE
(ol it 2-Tech
B EC  &WI2 1 100% 1,30 Bad {Holz | 100 1,30 1,3 a1 238 00| oE2 OBEE
ml?—‘i:ﬁ'-‘tl‘bu’ghl.l
4 i 1537
-]
E EC &AW 3 100 % 1,30 Wl 100 130 3,90 T3 238 @38 | DE2 085
[Holz mil Z-fach
E EQ &AW 1 100%1,30- 100 130 1.30 oa1 238 300|082 OBE
EchiaTHolz mit 2-lach
E EC AW 1100 % F, 10 Hawswiln 100 E0 210 1,87 3,51
5 T30 1588
W
EC AW 1 100%1,30-KindfHold 100 1,30 1.30 oa1 238 30a|ogz OB
il Z-fach ‘Yerbumdglas)
B EC  WWIZ 1 055%300.-TH s 025 Zod 1,70 238 T
[T <5 nmde'EEn
2 300 i
Susmiee 11 15.50 4,17
P&l of KormebdisrooeTizent  Ag  Clasddchs
B vierchaturgsleoo
B Fansbsr gahd zum Besiand des Cabdudes
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13.1.5 Example 5 — Energy-pass for building in San Francisco

Horm-Aulentempsraur: Standon:
Berachnungs-Rawmtemperatur Brutic-Rawmninhalt der
Temperatur-Differenz behealzten Gebawdetella: 334,32 m?
Gesaudendifiche: 355,34 m*
Bautells Warmed- Kom-  Korr- AxUxt
FI3che  “goemz fakior  faktor
A u f
[mg Rl 1] [WiiK]
AWD1 Aulenwand 117,54 0,350 1,00 41,18
FOO1 Aulendecks, Warmesiram nach aben 11200 0,350 1,00 33,19
FETO Fenstar u. Tdren 13,80 1434 1,00 13,789
1001 Fulloden zu sonstigem Puffarraum (nach wniten) 11200 0,502 4,70 33,38
Summe OEEN-Bautele 112,00
Summe UNTEN-Bautele 112,00
Summe Aulenwandfachen 117,54
Fenstarantzll In Aultenwanden 10,5 % 13,80
Summe [WK] 140
Wiarmebriicken (pauschal) [WK] 10
Transmissions - Leitwert L, [WHK] 150
Liftungs - Leitwert Ly [WK] 31,68
Gebaude - Heizlast Py Luftwechsel = 0,40 10 [kW] 5,89
Flachenbez. Heizlast Py bei einer BGF von 112 m*  [W/m® BGF] 52,59
Geb3ude - Heizlast P, (EN 12821 vereinfacht) Lufwesnsel =050 1m [kW] 634
Bauteile
Ubungsversion_California - $an Francisco
AWD  AuBenwand
wor IFmen nach Auen Dz L di &
1.402.02 Halz B 00120 0,440 D,0ES
Rlegel dazw. E 100% 0,120 0,105
Stelmwalle MW-WF 60 E 50,0 % 01250 0043 2,637
1.402.02 Halz B 00120 0,40 D,0ES
RTa 28822 RTu 28266 RT 28544 Dicke gesamt 01500 U-Wert  0.35
Rlegel: Achsabstand 0,600 Breke 0,060 RsesRsl 0,17
FD AuBendecke, Warmestrom nach oben
wor AUBEN Nach Innen Diciiz L di 3
ETERMIT Dachplatien E 200200 0830 0,033
1.402.02 Halz B 00120 0,40 D,0ES
Rlegel dazw. E 100 % 0,120 0,105
Stelmwalle MW-WF 60 E £30% 21250 0043 2,637
1.402.02 Halz E 20120 0440 O,0E5
RTa 2,835 RTu 28300 RT 28580 Dicke gesamt 0,700 U-wert  0.35
Rlegel: Achzabstand 0,00 Breke 0,060 Rzz:Rsl 0,14
1004 FuBboden zu sonstigem Pufferraum {nach unten)
wor IFnen nach Auzen Dz L di 3
1.704.0F Flesen E 20i50 1,000 0,015
1.202.06 Estrichbs=atan E 00500 1480 0,034
ISOWER TDPS Trittschal-Dammpl. 55/50 B 00500 0033 1,515
1.202.02 Stanineton E 02000 2,300 D,0ET
Rses+Rsl = 0,34 Dicke gesamt 03150 U-wert 0,50
Ao
il = _ Dl oIE
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Geometrieausdruck
Ubungsversion_California - San Francisco

DG Dachkdrper
Mr 49 1

.00

295, 04m?

01 Rubanwand

1,50 % chara Dacka: 0,1

_—
a
DG Bruttoprundfachs [m); 112,00
DG Summe [m’j 2
DG Brutborauminhatt fm©]: 253,04
Deckenvolumen D01
Flachs 112,00 m? # Dicka 0,31 m = 35,28 m?
Bruttorauminhatt [m®]: 35,28
Fenster und Tiren
Ubungsversion_California - San Francisco
Tye Bauneil Anr Berschnung Breite Hohe Flaohe Ug [N} Fa&l My Lk Al | @ B
[l [l [wA] [MA DAATR] DAWTE G QAR A
B | Profrcimiral Ty 1 (T1] 1,23 142 182 12 140 oord 1,23 147 0588
N
BE T = o 1 12w 1,00 124 400 12 i3 1.40 goTa Ovs 1.51 151|068 D85
ET OO AW 1 0EGx 1,00 00 100 a8 1= 1.40 QoTd 043 1.55 1,24 058 QBE5
2 200 308
O
E Ti D AN 3 120100 120 1,00 240 12 .40 ooTd 148 1.51 35| 068 DBE
ET |5 o | 1 100x 220 Samenmr | 100 20 232 1.87 &7
3 480 7.2
5
ET |5 e | 1 1.20% 1,00 120 1,00 120 13 1.40 [T B i) 1.51 1.57| 05 085
E Ti D AN 1 020x 1,00 00 1,00 s 12 .40 oord 043 1.85 124| 08 0B85
ET |5 o | 1 100 % Z.20 - Hausiir 100 ZA0 232 087 1.8
3 430 4,08
W I
E Ti | o ol ] 3 150100 | 150 1,00 300 12 140 oord a2 1,40 44'355 0 B5
2 300 4,88
Summe il REE- ] 19,78
U . Lwerd Rahmen PEL. Lineaner Forekturkeefizent &g Olasdache
lasagrad Yerg B vemschatungsl ek
Prifresrmrimalive: B Farsder gabdd zum Bestand des Cuabd udes
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13.2 Details (status after suggested improvements of

Austrian Energy-pass for the example-houses

13.2.1 Example 1 - Energy-pass for single family house in Traunkirchen

MNorm-Aulentemperatur: -14.3 °C Standort: Traunkirchen
Berechnungs-Raurmntemperatur: 20 °C Brutto-Rauminhalt der
Temperatur-Differenz: MIK beheizten Gebaudetsile: 641,80 m?
Gebdudehllfidche: 48663 m®
Bauteile Fliche Wirmed.- Kom-  Korr- AxlUxf
e koeffiz. faktor  faktor
A 1] i i
[m] MWKl 1] 11 [WiK]

ADO1 Decke zu unkonditicniertern geschloss. Dachraum 35,90 0,059 0,90 3,30
AWD  Aussenwand - Holzblock 111,24 0,126 1,00 14,03
AWD2 Wintergarten 987 0,191 1,00 1,59
D501  Dachschrige hinterlftet 84 83 0,101 1,00 8,60
FEMU Fenster u. Tiren 73,59 1,088 1,00 8077
EBOZ Wintergarten-Fussboden X368 0,235 070 1,34 520
KODO1  Kellerdecke 101,87 0,19 0s0 1,34 1336
IWD1  Aussenwand - Holzblock (Holzlagermraum, Garage) 310 0,125 0,70 254
W02  Aussenwand - Holzblock (WiGa-kalt Morden) 15,55 0,125 0,30 1,55

Summe OBEM-Bauteile 139,49

Summe UNTEN-Bauteile 125,55

Summe Aulenwandflachen 121,11

Summe Innenwandfidchen 44 65

Fensteranteil in Aulenwanden 28,7 % 45 64

Fenster in Innenwanden 7,18

Fenster in Deckenflachen 17,76
Summe [WIK] 131
Warmebriicken (pauschal) [WIK] 13
Transmissions - Leitwert L [WIK] 144
Liiftungs - Leitwert L, [WIK] 57,17
Gebdude - Heizlast P, Luftwechsel = 0.40 1/h (kW] 6,89
Flachenbez. Heizlast P; bei einer BGF von 202m* [Wim*BGF] 34,11
Gebidude - Heizlast Py, (EN 12831 vereinfacht) Lufwechsel = 0,50 1/h [kW] 707
Die berechneie Helzlast kann van ener ge: mak oM 7500 bew. EM 150 12583 bwelchen und ersetzt nicht den Nachwels der Geldude-Nomhelzlast
-;E"Jl'. ONORM H 7500 bew. EN 120 12831. Die v achbe Helzlast EN 12831 ks 3'|‘.|gl nikchit die Aufhelzls ELIng und gt inur il dardralle
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Bauteile
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AD Decke zu unkonditioniertemn geschloss. Dachrawm

Knauf Glpskarion Fausrschutzpliane
1.402.02 Holz

LUt Sten,, W-FILSS NOMZONtal 35 < 0« =40 mm
Steimwolic MW-W [33)

1.402.02 Holz

1.108.02 Glpsbauplatien

AW Aussenwand - Holzblock

1.402 02 Hoiz
PVC-Dichungsoahn
Steimwale MW-W [33)
1.402 02 Hoiz

Ds01 Dachschrage hinterliiftet

Lutt sten,, W-Fluss Norizontal 25 < o <= 30 mm
1.402 02 Hoiz

Luft st W-FIUSs Norzontal 35 < o < =40 mm
Stelmwale MWW (33)

PAC-Dichungsoahn

1.402.02 Hoiz

Lutt sten,, W-Fluss orzontal 15 < o < = 20 mem
1.402 02 Hoiz

EB02  Wintergarten-Fussboden

1.704.05 Fllesen
1.202 06 Estrichiaeson
PYC-Dichiungsoahn

Styrodur 3032 C (140 mm)
PAC-Dichungsoahn

1.508.02 Schinung {Sand, Kies, Spit)

KD Kellerdecke

1.402 02 Hoiz

PVC-Dichiungsoahn

Steimwalie MW-W [33)

1.202 02 Stankbetan

Styrodur 2830 © (ED mm)

ISCVER TOPT Trittschal-Dammpl. 30730
1.202 06 Estrichineson

1.704.05 Fllesen

Fral | warme Fwischendecke zw. EG und 0G

1.402 02 Hoiz
Stelmwale MWW (33)

1.402 02 Hoiz

Korksehrot {100), expandiert

AE Berg & Berg Farigparkett In Excha

won Aullen nach Inren
=]
=]
B
B
]
=]
Fza+Rsl =02 Dicks gasamt
won Inrer nach Aulan
=)
]
]
=]
Reet+Rs =017 Dicks gasamt
won Aullen nach Inren
=)
]
=]
=]
B
=)
]
=]
Fza+Rsl = 0,2 Dicks gasamt
won Inmen nach Aulen
=)
F B
=]
=]
B
=)
Ree+REl =017 Dicka gasamt
¥an Inmen nach Aulzn
=]
=]
B
]
=]
=]
F B
=)
Ree+Rel =034 Dicka gasamt
won Inmer nach AuBen
=]
=]
B
]
=]
Ree+Rs =026 Dicks gasamt

Dicke

00180
[,0240
[,0400
[, 3500
00240
00180
0,4740

Dicke

[,0240
0,000
0,2500
[,1400
0, 4150

Dicke

0,300
00200
[,0400
[,3200
0,000
0,240
00200
00200
0,4850

Dicke

0,100
0,700
0,000
01200
0,000
0,0500
02820

Dicke

00140
0,000
0,500
01700
0,0EDD
0,200
C,0E00
0,200
0,4250

Dicke

[,0400
L1700
0,250
0,00:50
00250
02650

L
0,230
0,140
Q222
0,033
0,140
0,290

U-wart

L
Q,140
0,140
0,033
0,140

U-wart

L
Q,1r
0,140
Q222
0,033
0,140
0,140
0,113
0,140

U-wart

L
1,000
1,450
0,140
0,033
0,140
0,700

U-wart

L
0,140
0,140
0,033
2,300
0,035
0,033
1,450
1,000

U-wart

L
0,140
0,033
0,140
0,030
0,120

U-wart

dr k
n0ar2
017
0,160
2211
017
00e2

0,10

d! &
0,104
0,007
1315
0ar4s
2285
0,304
0041
0,020
0,20

dl h
0265
4474
0,173
0,100
0208

0,18
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[ Aussenwand - Holzblock (Holzlagerraum, Garage)

wan Inreri nach AuBsn Dicke i di &
1.402.02 Holz B 00240 0,940 01T
PWC-Dichiungsbahn B 00010 0,140 DO07
Stedmwalie MWW (33} B 0,2500 2,03 6573
1.402.02 Holz =] 01400 0,140 1000
ReetRE = 0,26 Dicks gesamt 04150 et 012
Iz Aussenwand - Holzblock (WiGa-kalt Morden)
won Inren nach AuBan Dicke i d! L
1.402.02 Holz B 0,0240 0,140 01T
PWC-Dichiungsbahn B 0,004a 0,140 D007
Stedmwole MWW (33 =] 0,2500 0038 645
1.402.02 Holz B 01400 0,140 1,000
RAEe4RE = 0,26 Dicks gesamt 04150 Uawart 012
AWD2  Wintergarten
won Inmen nach AuBen Dicke A di L
1.402 02 Holz B 0, 1400 0,140 41,0040
Stedmwole MWW (33 =] 0,1500 0,033 3847
1.402.02 Holz B 00153 0,140 D07
RAEe4RE =017 Dicks gesamt 03050 Uwart 013
EKD1 Keller - in Basis nicht beheizt
won Inren nach AuBen Dicke i di L
1.704.0& Fllesen B 03200 1,000 0ax
1.202.06 Estnchipeion B C,0E00 1431 0041
PWC-Dichiungsbahn B 00010 0,140 DO07
EXPORIT EPS F1E B 0, 1600 0,040 40040
PWC-Dichiungsbahn B 0,004a 0,140 D007
1.202.06 Estrichipeion =] 0,0s500 1450 0032
AEe+fE = 0,17 Dicks gesamt 02320 U-wart 023
EWO1 Kellerwand
won Inren nach AuBen Dikcke A di &
1.105.04 Glpsbauplatien B 00150 0410 0337
Styrodur 2530 < (50 mm) B 0,0500 2033 1,515
1.202.02 Stahloeton =] 03000 2300 0430
1.604.06 Kunstsiof- & Gummibeiag B 00050 0,210 Daza
Styrodur 2500 C (50 mm) B 0,0500 0,033 1,515
Rse+RE =013 Dicks gesamt 04200 LHvart 0,30
EW02  Kellerwand - Bereich Gastezimmer
won Inrer nach AuBan Diicke L di! &
1.108.04 Glpsbauplatien B 00133 0410 0237
Styrodur 2500 € (50 mm) B 0,0500 0,033 1,515
1.202.02 Stahiseban B 0,3000 2300 0130
1.504.06 Kunsisiof- & Gummibslag =] 00050 0,210 Daz4
Styrodur 2500 € (50 mm) =] 0,0s500 0,033 1515

Ree4RE = 0,13 Dicka gesamt 04200 U-wart 030
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Ubungsversion_single-family home in Traunkirchen | Upper

EG basis
Nr2

EG  rectangle-Schlafzimmer
Mr 18

=

i
>

Nr7s

S

| s

EG Summe

a= 8,72

lichte Raushohe

BLE

Wand Wl
Wand WD
Wand W3
Wand Wé

Decike
Boden

a = 4,533
BGE

1 Wl

1 W2

1 W3

1 Wa

EG  Wintergarten-Anbau West

34, A

b
lichte haushche
T, 40m®

Dackhneigung &)

a = &.20

= 2,20

b

llchte aushohe

BLFE

DaalE] .
Wand Wl
wWand WI
wWand W3
Wand Wé
Dach

Boden

23, 65m°

I3, BEmd

2
= 2,50 + chere Decke: 0,27 =x 2,77

BRI 261, 23m3
swand - Haliblock

Halzblack
Halzblack
pe % Hoks|

Halzblack

i
2 Aua seseand

= 2,80 t+ chare Decke: 0,27 =2 2,

BRI 20, 5=

Haliblack
Haliblack

I Rodsefwand
Aud sateand

warpe Ewischendecke 2.
el lerdecke

warme EWischendecke 2.

[(Halzlagersaun

(Witee-kalt Mo

EG und OG

[Wita-kalt Hor

o und WG

14, 00

= 3,BZ

= 2,82 + chere Decke: 0,51 = 3,448
BRI BE, B0m?

I Winbergaste

EB0Z Wintergarten-Fossboden

EG Bruttogrundfiiche [mr):
EG Bruttoraumimhatt [m):

Ao seswand Halablack
I Winberga¥tasn
Dachiachs a5 terloftet

125,56
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Ubungsversion_single-family home in Traunkirchen ! Upper

DG Obergeschoss
Mr&2

O
Yy S
h11

M

|—!_|

DG rectangel - G
Mr 18

e

z

EErmsEmm s

-

DG Summe

DG BGF - Reduzierung

Dechenvolumen EEQO2Z

Ceckenvolumen KDO01

Dachneigong al®) 35,00

a = 5. 72 b = 5,72

hl= 0,53 BZ = @,80

liekte Baushohe(h)= 2,50 + cbere Decke: 0,47 = 2,57
BLF a8, dEm® BRI 221, 27w

1 Dachachrage ¥

1 Decke fu unkapdi

1 Auasesivand Hal 2black

aftel
ionlertens geschlosi.
1 warme Iwischendecke fv. BEG und OO

a = 4,83 b o= 1,50
lichte Baushohe = 2,50 + chere Decke: 0,483 =» 2,998
BE T, 40mF BRI 23, 073

Wand W1 4, 45m0 AMOID Ausseswand - Halzblock

Wand W2 L4, Tim® AW0l
1 W3 4, 45m" AWOL

Wand Wé
(£ T : 1 chach 5 zlaftet
Baoden ke 2w, EG und 06
DG Bruttogrundfiiche [me): 101,87
Dz Brutterauminhatt [m?): 243,34
BGF Redurierung = BGF-Hohe kKlelnper 1.5 @
Reduzierung = 25,32 mt
Summe Reduzisrung Bruttogrundriiche [m?): -25.32
Flachs 23,68 =7 ¥ Dicke 0,8 m = £, E8 mt
Flache 101,87 ®* % Dicke 0,43 m = 43,39 m¥
Brutborauminhalt [m?): 43,97
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Fenster und Tiiren
Ubungsversion_single-family home in Traunkirchen | Upper
Tre Bntsl Anz Bamskchiung Biwile Hote Fkhe Ug [T} (=] = [ Bxlal | @ [
ml ] W] arE] [ers] Dawmk] e D] Ve
L
a EQ  &wO1 2 107178 197 1,19 258 1,78 1,50 | ner oes
SetbalE T
] EG Avwa T ETEa2120- LM 270 810 a7 1,10 afn| oar DBk
W vl gaalerramn
-] EC v 1 Z0a 230 240 32X 528 o R ] S40| 0EF Dat
Wl fld gadlen - Modd
a O AT 1 100 1,19-Empam 1097 1149 1.27 D 1.5 58| nEr DES
=] =% A 1 100 x 210 - Empom 108 b 258 187 1,5 FA2] 0&F DEE
B ALEH pr k]
o
a EG AMDT 1 1072 1,19 - Evi 197 104 1.27 D 1.3 158| nEr DEs
a EG  Ivwen 1 1002 1,19 Bad 187 119 1,27 DEd 1,50 1,08 nEr aps
] EG v T 1072050 107 058 0as Oas 1,30 O57| 0&r DBt
SHeymnfous
=] =% A 1 100« 1,19 - Eviond 100 1,10 1,27 LY 1,5 15| 0&F DB
] 444 (]
3
a EG AM0T 1 OM0a210-Hasms | 480 210 188 25 440
a ECQ  AW0T 2 1,00 s 1,19 - Erkai 1097 119 255 1,78 1.5 k| o OB
=] ES AW T 100 2 1,19 - ewnen 100 1,10 1,27 LY 1,5 15| 0&F DB
a EQ AW 1 ETHx230- B0 27 810 a7 1,10 ain| oEr e
wdrier gailerrand
a O AT 2 100 = 1,19 - Eviei 1097 1,19 258 1,78 1,50 u| o oEs
T 16,38 AR
W
a EG  AW0T 1 1,002 1,19 - Erii 1097 1149 1.27 D 1.5 158 DEr DES
a ES  Awi 1 502a.220. B0 23 ia02 g A0 14| o aps
W rlm gailen
=] EG D= 1 SEa3nd- EfQ  And 1T TE 243 0E0 14| 0Er OBE
ddriergaiten-Dach
a AMT 1 107 2 1,19 - Edkai 197 104 1.27 D 1.3 158| nEr DEs
' aaF ELE- ]
Semme n EEEH B1, T
g Ui ik Liwant Frabirenn PS5 roadini Hofled rcelSert A5 . Gl ks
& Ermig Hlemegy el Yarglimuty . vefschaTungalaion
- PiOincinsaliep B.. Forsled gahot fom Beitand des Cebludes

13.2.2 Example 3 — Energy-pass for single family house in Altenfelden

HOrm-AULENtE TpSratr: -15,8 "C Standor: Anenfeiden
Berechnungs-Raumbemperatur 20 °C Brutto-Rawmninhalt der
Temperatur-Diffarenz 3BIK pehalzten Gebaudetsie: 523,73 m?
GEDaudendinache: 431,45 m?
Bautells Warmed.- Kom-  Kaorr- AXUXT
FIdche  “goeMz fakior  fakior
A U t h
[m]  [wEnm=E]  [1] I1] [Wik]

ADC1  Decke Zuunkondiioniertem gescnloss. Dachraum 14821 0027 0,30 17,06
AWIZ Aulenwand-EC iz50 0495 1,00 23,78
AWD3 Aulenwand-EG - mi Etemitverkizioung 1E10 0,997 1,00 3,56
FEMO Fenstar u. Tdren 2231 1061 1,00 23,58
KDC1  Decke zwunkondiioniertem ungedammien Keller 14521 0,194 1,70 0,22
IWO1  Wand zu sonstigem Pufferraun [Stegenhaus) 31,06 0,201 4,70 4,37

Summe OEEN-Bawelle 14821

Summe UNTEN-Bawele 148,21

Summe Aulenwandnachen 135,78

Summe Innenwandfachsan 31,06

Fenstarantzll In Aulenwanden 123 % 20,56

Fenster In Innenwanden 1,66
Sumime [WiK] a3
Wiarmebriicken {pauschal) [WiK] 10
Transmissions - Leitwert Lt [WiK] 103
Liiftungs - Leitwert L., [WiK] 42,21
Gebdude - Heizlast Py Luftwecnsel = 0,40 1 [kW] 5,21
Flachenbez. Heizlast Py bei einer BGF von 149 m* [Wm® BGF] 34,93
Gebdude - Heizlast P, (EN 12831 vereinfacht) Lurwechsel -0,50 1m [kW] 623
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AWD2Z  AuBenwand-EG

Rofx 150 Kalk-Glps-Innenputz

Dammoutz EPS

1.704.DE Fliesen
1.202 D Estrichbatan
Lec3-Senitung

Riflx 120 Kalk-Gips-Innenputz

1.202.0E Estrichbaton

s3inopor 700 EPS-F (100mm)

Riflx 120 Kalk-Gips-Innenputz

Riflx 120 Kalk-Gips-Innenputz
2.108.00 Lecatatarstein

Rofx 150 Kalk-Glps-Innenputz

Ritifly 180 Kalk-Gipe-innanoutz

2.202.02 Lecabetonwandeiement
ISCVER FDP Fassasendammplate 14

Flegelhohikarpar mit Awbeton | Decke)
ISCVER KDP Kallerdackan-Dammpiatts 12

AUSTROTHERM EPS W30 PLUS

Eetonhahibirper mit Autbston [Decke)

ISCVER FDP Fassasendammplate 14

AWD3  AuBenwand-EG - mit Eternitverkleidung

2.202.02 Lecabetonwandelament

ISCVER FDP Fassagendammplats 14
Luft steh., W-Fluss horzontal
AURLA Wandschindel

35 < d = =40 mm

KD Decke zu unkonditioniertem ungedimmten Keller

ADM Decke zu unkonditioniertem geschloss. Dachraum

Wi ‘Wand zu sonstigem Pufferraum (Stiegenhaus)

WO Innen nach Auken Dl

B Q0230

B 0,3000

B 0,1400

B Q0200

Rse+REl =017 Dicke gesamt 04300
won Innen nach Auken Dl

B 00100

B a,0s00

B a,10a0

B 03,2200

B 03,1200

B a,01a0

Rze+REl=0,34 Dicke gesamt 0,5100
Won AUREn nach Innen Dikcli

B a,0s00

B Q1500

B 03,1030

B a,10a0

B a,01a0

Rse+Rgl = 0,2 Dicke gesamt 0,4100
WO Innen nach Auken Dl

B a,01a0

B 0,2500

B 0,1400

B a,01a0

Rse+REl =026 Dicke gesamt 04100
won Innen nach Auken Dl

B 0,0200

B 0,3000

B Q,1400

B 0,0400

B a,0050

Rse+REl =026 Dicke gesamt 0,5050

0,730
0,830
0,033
0,095
u-wiart

1,000
1,430
0,120
0,738
0,033
0,730
u-wiart

1,430
0,030
0,040
0,800
0,730
u-wiart

0,730
0,550
0,033
0,730
u-wiart

0,700
0,830
0,033
0,222
0,500
u-wiart

al i
0,023
0,361
4,242
0,315

0,20

al i
0,013

0,014
0,13

al i
0,029
0,3E1
4,242
0,180
0,013

0,20
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EG  Basis
Nr2 carsa Dacka: 0,41 => 3,00m

53, 0lm?

34, 50m? AWOI BRuBandand-EG
4B, O0m? AROI
34, 50m? RWOZ
4E,00m? AWO3
124, 00m? ADOIL
124, 00m? EDOL

EG
2 hirBanvand-EG
DOl Decke 2t unkol
DOl Decke 2t unkol
EG
= &,00
= 2,09 + plara Decka: 0,41 => 3, 00m
BGF -&,00m? BRI =1EB, O0m?
-1B,00m? AWCE RuBanwand-BEG - mit Erarnitwarklaldang
2, 00m? ARCI RuBanwand-EG
a DC0m? ADOL
-&,00m? KOOl Decke Zi
Geometricausdruck

Ubungsversion_Single-Family home in Altenfelden / Upper

|IEG  Balkonkorrektur-Siiden

a
EG Brutte-grundfidche [m): 143,11
EG Summe EG Brutterauminhalt [m®): 447,63
Deckenvolumen KD
Flacha 149,21 ®? ¥ Dicka 0,51 & = 76,10 m?
Bruttorauminhalt [m®): 78,10
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Fenster und Tiren
Ubungsversion_Single-Family home in Altenfelden / Upper
Tyve Bautei Anz Beradnung Brete Hohe Flache Ug L FEl =] L Al | @ 1]
Il [m]  [0F] O] DARRR] DAL R DARTRR A
E Profmermmad Typ 1 (T1] 123 1488 18 110 123 1.09 083
E Profmcimmal Typ 2 (T2] 123 148 182 100 123 1.92 083
]
= EQ W01 1 085x1,05-Hawidrau| g5 195 168 1,01 1,17
ETitpenhais
1 1.88 1,17
o
E EQ mMI 1 124130 124 1,30 181 113 1.09 178|062 OBE
Firdezimmer
B ECZ ANIZ 1 1 3dx05d.Ead 124 054 ave 058 1.09 o&T| aez 0Bs
E EC AN 1 154w 130. 124 1,30 16 1,43 1,08 178| 0Ex OBE
Ehlartziminer
E EQ mWI2 1 14140 114 140 160 112 1.09 17| 06> 0B85
Wi e
E ECG mwI 1 1i0xEi0- 110 Fi0 23 182 1.09 z5| aez oBs
Wt e R ang
B Ta2 2,85
5
E EQ mWI2 1 224130 324 130 23 202 1.09 3i7| 0Ex OBE
Wi e
E EC AND2 1 1,70% 2 10- Emplatz 110 Fi0 23 182 1.09 z5| aez oBs
B EQ AW 1 1,74x1,30- Esaplaiz 144 1,30 145 1.08 1.09 153 DE2 DB
. i) H
W
E EC AN 2 ;q:lﬂxLI'-Eﬂﬁil!-' 114 1,30 298 207 1.09 3A@|06s 0BE
iy ]
E EQ mWOE 1 114x1.30- 114 1,30 1458 102 1.09 182| 06> OBs
A lsraum
E EG  mWOE 1 174130 114 1,30 148 104 1.09 182| a6 OBEE
Kindezimmer
4 592 a4T
S 13 23 ZHLED
wnt  Ag sl
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13.2.3Example 4 - Energy-pass

Schwarzenberg/Hochficht

for

weekend

Norm-AULEntEmp2ratur -15,3 "C Standor:  Schwarzent=rg m MORkr2|
Berachnungs-Raumbamparatir 20°C Brutie-Rawminhalt der
Temperatur-Oimerenz IEIK Densizien Gebdwdetsle: 456,02 m?
Genaudenainache: 470,53 m?
Bautells Warmed- Korm-  Korr- AxUxr
FISCLNE  “poemz.  faktor  fakior
A U r m
[m3  [WEmER] (1] 11 [WiK]

AWD1 Aulenwand-Granit SESTAND 93,73 0,197 1,00 18,44
AW02 Aulenwand-Ziegel (Agaplion 1555 - nach AUssen 838 0,199 1,00 1,76
FE/M Fenster u. Taren 1550 1,109 1,00 17,189
EBOT erdanliegender FUlbaden (<=1,5m unter Erdrelcn) 15267 0,214 0,70 2,86
AGDT Decke Zu sonsiigem Pufferraum nach coen {Iving 50,91 0,189 a.70 5,03

raom)
AGDZ Decke Zu sonsigem Pufermaum nach oden (Kitchen) 1550 0,144 0,70 1,56
AGDZ Decke Zu sonsiigem Puerraum nach ooen BE26 073 a.70 10,46

skeeping-rmam)
IWO1  AuRenwand-Granit zu unoehaiztem Sehupgen 13,57 0,193 a,70 1,84
W02 Autenwand-Ziegel Zu unbehaiziem Sehupgen 3351 0,198 0,70 4,54

[Adaption 1985)

Summe OEEN-Bawtele 152,67

Summe UNTEN-Bautelle 152,67

Summe Aullemavandiachen 102,81

Summe Innenwandiachan 47,05

Fenstarantall In Aulenwanden 11.3 % 12,30

Fenster In Innepwanden 1,70
Summe [WK] EB5
Wirmebriicken (pauschal) [WK] 10
Tramsmissions - Leitwert Ly [WK] a4
Liiftungs - Leitwert L, [WK] 4319
Gebidude - Heizlast Py Luftwecnsel = 0,40 10 kW] 4,86
Flachenbez. Heizlast Py bei einer BGF von 153 m* [Wim® BGF] 31,82
Gebdude - Heizlast P, (EN 12821 vereinfacht} Lufwesonsel-0.501n [kW] 3,68

home

in
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Bauteile
Ubungsversion_weekend-home in the mountains -
AWD1  AuBenwand-Granit BESTAND
Wom IMnen nNach AuEen Dicke i ar &
Zementputz B 0,0100 1,000 0,010
SloGranit B # 0.,5000 0730 1,143
Zementputz B 0,030 1,000 0,020
ISCVER FDP Fassadendammplatie 12 B 0,130 0033 3635
EPZ-Dammputz (300) B 0130 0095 0,105
RsaszRsl = 0,17 Dicke gesamt 09600  U-Wert 0.0
Wi AuBenwand-Granit zu unbeheiztem Schuppen
WM IFMEN Nach ALGEN Dicke ) ar a
Zementputz B 0,0100 1,000 0,010
FoGranit B # 0,5000 070 1,143
Zementputz B 0,030 1,000 0,020
ISCVER FDP Fassagendammplatie 12 B 0,130 0033 3635
EPZ-Dammputz (300) B 0130 0095 0,105
RsasRsl = 0,26 Dicks gesamt 05600  U-Wert 013
Wiz AuBenwand-Ziegel zu unbeheiztem Schuppen (Adaption 1583)
Wom IMnEn nach AuEen Dicke i ar L
Zementputz B 0,0100 1,000 0,010
2.406.02 Schlackenbetonsiein 25 om B 0,3000 0630 D478
Heraklth-8M (5,0cm ) B 0,0530 0091 0,550
Zementputz B 0,0200 1,000 0,020
ISCVER FDP Fassadendammplatie 12 B 0,1200 0033 3,635
EPS-Dammputz (300) B 0.,013o0 0095 0,105
Rza+fsl = 0,26 DMcke gesami 05100  U-wert 020
AWD2  AuBenwand-Ziegel (Adaption 1983) - nach Aussen
wion IFnEn nach AuEen Dicke ) af L
ZEMEMpUiz B a,01ao0 1,000 0,010
1.106.0E Betonhohisteinmauaraerk B 0,3000 0550 0,545
Heraklith-8M (5,0cm) B 0,0500 0.0a1 0,550
ZEMEMpUiz B 10,0230 1,000 0,020
ISCVER FDP Fassadendammplatie 12 B 0,1:200 0033 3635
ERS-Dammpatz (300) B 0,0100 0,095 0,105
Rse+REl = 0,17 Dicks gesamt 0,5100  U-Wert 020
EBDMM erdanliegender FuBboden (<=1,3m unter Erdreich)
WOm IMMEN Nach AlEEn Dicke A ar &
Holzbaden, Vollhalz Nadel B 0,0230 0,120 0,250
stalnopor 700 EPS-W20 (160mm} B 0,1600 0,038 4,211
ISOVER WARID KM B 0,001 0,200 0,001
1.202.02 Stahibeion B 0,10ao0 2,300 0,043
Rzasfsl = 0,17 Dicke gesamt 0,2301  U-Wert 0.1
AGD Decke zu sonstigem Pufferraum nach oben (living room)
won Aulen nach Innen Dicke A df &
ROCEWOOL Isoith Dachtoden-Dammelement OG-03 {12cm) B 0,1:200 0044 2,750
ROCEWOOL Isoiith Dachtoden-Dammelement OG-03 {12cm) B 01,1330 0044 2,750
3.304.02 Tram-Traversangecke 20 cm B 0,2000 0,250 0,211
Ree+Rsl = 0,2 Dicks gesamt 04400  U-Wert 0A7
Bauteile
Ubungsversion_weekend-home in the mountains -
AGD2 Decke zu sonstigem Pufferraum nach oben (kitchen)
worn Aulen nagh Innen Dicie . al i
ROCKWOOL Isoiith Dachboden-Dammelement 0G-03 {12cm) B 01,1200 0044 2,750
ROCKWOOL Isoiith Dachbogen-Dammelement OG-03 {12cm) B 0,1200 D044 2,750
1.202.02 Stahibeton B 0,1500 2,300 D,DES
Rlegel dazw. E#F 55% 0,120 0,023
stenopor 70O EPS-W1S (220mm) B # B4 % 0,0500 0,041 1,153
1.105.04 Glpsbauplaten B 10,0230 0410 0,049
RTa 65,5345 RTu E£9176 RT 65510 Dicks gasamt 04600 U-Wart 0,14
Rlegel Achsabsiand 0,550 Breke Q0,030 Rsa+Rsl 0.2
AGD3  Decke zu sonstigem Pufferraum nach oben (sleeping-room)
worn Aulen nagh Innen Dicie . al i
ROCKWOOL Isoilth Dachboden-Dammelement 0G-03 {12cm) B 01,1200 0044 2750
ROCEWOOL Isolith Dachboden-Dammelement OG-03 {12om) B 0,130 0024 2750
1.202.02 Stahibeton 01500 30 D,DES
ZEMEemputz 0,01d0 1,000 0,010
Dicke gesamt 04000 U-ert 0,17
srung B Beslandsschicht =_ Defaskwert It CIE
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Geometrieausdruck
Ubungsversion_weekend-home in the mountains -

EG  basis - granite part
Mr2

80m
zu unbehelztem Sohus
BEATRHD
3 Decke 2 sonacigem Puffadraun nach o
ardanl legandar Fubbodan (<=1, 5m LnTaE

EG  rectangle with bathroomitoilet
Nr 18 o= TS F

EG Summe EG Bruttegrundnichs [me: 152,67
EG Bruttcraurninhatt [m®): 443,73
Deckenvolumen EBO1
Flacha 152,67 m? % Dicka 0,25 m = 4,29 m?
Brutterauminhalt [m®): 44,79
Fenster und Tiren
Ubungsversion_weekend-home in the mountains -
Tye Bautei Anx Bepechrung Breie Hohe Flache LUg L FEi Ay Lhw At | @ 1]
[l [l [rid]  [red]] DD DWNE] e AWRR] WOK]
S Proformmal Tye 1 (T1] 123 148 182 070 135 0040 133 098 0,51
S Friformmal Tye 2 (T2] 123 148 182 270 155 0040 1323 242 072
o
S EC AW 1 100%1,30- Kiche 100 13 130 a8 @2 133|051 0B
[Hodz it S-fach
S EQ MW 2 100x130-Wenndl | 400 1,30 2ED 1Bz 102 265|051 0B85
ol it 2-Tash
S EQ MWz 1 T00%130-Baf{Hoz | 100 1,30 130 081 102 133|051 0B
il Z-fach Werbundolas
4 530 58X
]
S EQ & 3 100x130-Wenndl | 100 1,30 390 273 102 308|051 0B85
oz it 2-fash
S EC AW 1 T100%130- 100 13 130 081 @2 133|051 0B
EehaZ(Haiz it 2-4ach
S EC MW 1 100%Z10-Hasir | 100 210 210 167 3
5 .30 882
W
S EC & 1 100%130-KiedDiHad 100 1,30 130 a8 @2 133|051 0B
it Z-fach ‘Werbundglas)
S EQ M¥ir 1 085 300-Trns [T ] 147 TS
urr.uncmmsa'gb_:n
2 100 Er]
Sumiee 1 1550 17,5
g PEL.. Lindara Fornssfurkoafizent AQ . Claaddcha
il B Wiamchaingslehio
Ty B Fasrssbar Qahdrt zum Besiand ces Gl uces
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13.2.4 Example 5 — Energy-pass for building in San Francisco

Norm-Aulentempsrar: Standon:
Berechnungs-Raumbemparatu: Brutto-Rawminhalt der
Temperatur-Oiffarenz pehalzten Getaudetelle: 3TEEE m?
GenaudendiMache: 37206 m*
Bautells Warmed- Kom-  Korr- AxUxt
FISChe  “goeMz.  fakior  fakior
& u r m
[m3 Rl [1] 1] [WiK]
AW Aulenwand 134,26 0167 100 2,45
FOO1 Aulendecks, Warmesirom nach aben 112,00 0,167 1,00 18,72
FEMO Fenster u. Tdren 1380 1284 100 17,72
D01 Fulboden zu sonstigem Puermaum [nach wben) 112,00 0,112 2,70 8,32
Summe OEEN-Bautellz 112,00
Summe UNTEM-Bautele 112,00
Summie Aulenwandhachen 134,26
Fensterantall In Aulenwanden 9,3 % 12,30
Summe [WiK] 68
Wirmebriicken (pauschal) [WIK] 8
Transmissions - Leitwert L [W/K] 75
Liiftungs - Leitwert Ly [WIK] 31,68
Gebiude - Heizlast Py Luftwechsel = 0,40 10 [kW] 3,48
Flachenbez. Heizlast P; bei einer BGF von 112 m* [W/im® BGF] 31,07
Gebaude - Heizlast P, (EN 12831 vereinfacht] Lumwecnsel =050 1m [kW] 412
Bauteile
Ubungsversion_California - San Francisco - (improvements)
AWM  AuBenwand
won Innen nach Auen Dicke H ai
1.402.02 Holz E 20120 0140 0,0ES
Latiung dazw. E 10,0 % 30,1250 0,120 0,105
Steinwalle MW-W B 50,0 % 0,043 2,637
Latiung dazw. E 10,0% 04500 0120 0,125
Stainwalle MW-W E 20,0 % 0,043 3,140
1.402.02 Holz B 00120 0140 0,0ES
RTa E1745  RTu 57852 RT 55709 Dicke gesamt 03000 U-Wert 017
Lattung: Achsabsiand 0600 Brere 0,060 Rsa+Rsl 0,17
Lattung: Achsabsiand  0FJ0 Brehe 0,060
FDO4 AuBendecke, Wiarmestrom nach oben
N Aulan nach Irmen Dicke L di &
ETERMIT Dachplatien E Q0200 03D 0,033
1.402.02 Holz B 00120 0140 O0,0ES
Latiung dazw. E 10,0% 01250 0120 0,105
Stalnwalle MW-W E 50,0% 0,043 2637
Latiung dazw. B 10,0 % 0,500 0,120 0,125
Stalnwalle MW-W E 50,0 % 0,043 3,140
1.402.02 Holz E 40120 0140 0,0BS
RTo 61760 RTu 57885 RT 55333 Dicke gesamt 03200 U-wert 017
Lattung: Achsabsiand  OFJ0 BreRe 0,060 Rsa:Rsl 0,14
Lattung: Achsabsiand  DFJ0 BreRe 0,060
1D FuBboden zu sonstigem Pufferraum {nach unten)
won |rnen nach Augen Dicke L df i
1.704.0E Fliesen B 20150 1,000 0,015
1.202.06 Estrichibatan B Q0500 1480 0,034
ISCVER TDPS Trittschall-Dammpgl. 5550 E Q0500 0033 1,515
1.202.02 Stahibeton B 02000 2,300 0,087
ISCVER KDP Kellerdecken-Dammpliatis 22 B 02200 0032 6,575
Glpsputz (1000 E 00100 0400 0,025
Rsasfsl = 0,34 Dicke gesamt 0,5450 U-wert 011
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Geometrieausdruck
Ubungsversion_California - San Francisco - (improvements)

DG Dachkérper
Mr 49

beta Dacka: 0,32 => I,8I1m
2dm?

-H b
a
DG Bruttogrundridchs [m): 112,00
DG Summe DG Brutterauminhatt [m®): 315,84
Deckenvolumen 1004
Flachs 112,00 m* % Dicka 0,55 m = E1,04 m?
Bruttorauminhalt [m*): B1,04

Fenster und Tidren
Ubungsversion_California - San Francisco - (improvements)

Ty Bauleil Anr Bereichnung Hreile Hohe Flache Ug LH FaEl g Lhw Al | @ 1]
] [m]  [of] [eOAR] DAMRER] [WAmE) ] AR A
B | Proformmald Tye 1 (T7] 123 148 182 125 140 0070 123 147 158
H
BOTHO| D omwd 1 130w 100 120 400 420 435 140 @070 4T3 1S 18| 058 oes
BT | D3 s 1 020x100 020 100 080 435 140 0070 043 185 124|088 085
F] 200 35
o
BT | D3 AWM 2 t20x100 120 100 340 13 140 0070 148 151 32| 058 085
BOTYO| D omA 1 100k E30-Samenwr | 100 230 320 a7z 180
3 480 £
S
BT D3 oAW1 n20x 100 1200 100 120 13 140 0070 4T3 1S 15| 058 085
BT | D3 s 1 020x100 020 100 080 435 140 0070 043 185 124|088 085
BOTYO| D omA 1 100k E30-Hastir | 100 230 320 aET 1,5
] 430 408
ETi | Do A 2 150x1,00 | 151 100 300 12 140 4oma 182 140 -ua|:155 0,85
2 100 448
Surnir 10 1180 17,12

FEL.. Linsarel Kormshfurkoefizent &3 Cleaddcie
B Verchaiurgala

B._ Farsbar ahd zum Bestand des Cabduces
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