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01 SUMMARY OF
CHANGES




Significant changes to the project manual that have occurred between submissions have been outlined
below. The Construction Drawings should also be reviewed for relevant revisions.

The following list summarizes all final changes, representing LISI’s as-built design.

House statics and anchoring

In order to properly anchor LISI to the competition ground, spin-anchors were identified as the
only viable option for our team. This also required additional steel reinforcements “clamping”
LISI’s core element to the ground.

Additional statical screws have been added to both of the cores.

The floor modules were modified to host and support the new anchoring system as our wooden
foundation frame.

In this process the wooden frame above the eastern core has been reinforced.

Additional statical steel beams have been added to the outer corners of both of LISI’s cores.

All structural calculations meeting Austrian national standards and Organizer provided
requirements can be found in Appendix B: Original structural calculations.

Information on the spin-anchor product can be found in the data sheet Appendix A of this
Project Manual.

Changes to the ramp

The construction and slope of the ramp has been improved and a handrail is added in the
middle of the ramp.

A steel construction which reaches the level of the ramp was added.

Terrace
The layout and construction of the planters were changed.
A “green wall” was installed on the outside north and south walls of the core element.

Changes to plumbing/ heating system

Adaptations to the layout of the plumbing and HVAC were made:

Wastewater pipes were optimized in their layout in the construction.

Positions of air ducts above the core element were optimized.

A rainwater collection tank was added to LISI in combinationvwith a Gardena MicroDrip plant
watering system.

Changes to bathroom
The floor construction of the bath room was adapted for practical reasons during construction.
The Floor of the bathroom is now fully integrated.
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Corian was chosen as material for the northern wall of the bathroom.
The wall between bed- and bathroom is incorporated.

e Changes to interior
Interior furnishing is included and will be displayed at the Solar Decathlon.
The wardrobes in the bed room were changed and constructed.
The closets in the living room and in the bed room are now incorporated.

e Changes to kitchen
The kitchen layout was optimized and mounted in the western core element.

e Changes to Water Budget
The “Detailed Water Budget” was adapted because of the new rain water tank and the final
water tanks which will be used at the Solar Decathlon.

e Changes to attic
Attic details were improved and a new water tight layer and decorative metal sheeting element
was added.
The curtain rails were designed and installed in the way they are going to be used at the Solar
Decathlon.

e Changes to rain water pipes
The layout of rainwater pipes was changed according to the roof construction.

e Changes to facade
The facade elements are placed as built. Materials and finishes for the facade elements were
adapted.

e Changes to electrical distribution
All electrical sockets are now integrated.

e Changes to lighting
The positions of the lamps are fixed and mounted.

e PVsystem
Due to a new sponsor and the chance for further long-term scientific evaluation of different PV
systems, we decided to replace parts of our existing PV system with different modules and also
changed one inverter.
Two of LISI’s three DC strings (22 modules total) and the respective inverter for these two
strings were replaced by 22 modules “Holleis Lotus G2” by the Austrian company Alternative
Energiesysteme Holleis. The modules are rated at 250 Wp each and have an integrated DC-DC
converter included in their junction boxes. The module type complies with IEC standards.
The Fronius 5 kW inverter was replaced by a SolarEdge single phase inverter SE5000A-US
complying with UL standards.
The overall number of modules stays the same (35), however, the DC system rating increased
slightly to 8.62 kWp. Sizes of the new modules are the same as the previous ones and therefore
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fit the same roof-mounting system.
A system description can be found in chapter 7: Interconnection application form.

The Project Manual has been updated from the previous issue. Revisions have been made addressing
the SD Organizers’ feedback as well as feedback from the prefabrication and fabrication of our house
on site in Austria.

More materials and producers of equipment for the entire house were defined. Also, static
improvements have been made for our final productions status.

Leveling

Team Austria is creating a structure for leveling our foundation. This structure is made of
wooden boards, cut to the required sizes and stacked according to the height needed. They are
secured with screws according to the specifications of our structural engineer. This will help us
meet the requirements of Rule 4-7 Lot Conditions.

Terrace
The terrace has been further improved concerning the mounting hardware and dimensions of
the substructure.

Roof

The roof layout has been changed accommodating the new requirements for the PV mounting
system.

Water is transported to integrated gutters on the northern and southern side of the roof. The
gutters’ water extraction rates were dimensioned in cooperation with our roof sheet supplier.
Insulation and roof sheeting remains the same.

Fire suppression

The location of sprinkler heads was redefined and the layout of

the fire suppression piping was adapted. The specifications of the sprinkler heads were
changed according to the SD requirements (residental, quick response). [see F-102]

Waste- and freshwater

Waste- and freshwater tanks are still under development and team Austria is gathering

offers from different manufacturers. Final specifications and detailed drawings will be
delivered in the final deliverable. Sizes and capacities will be similar to the ones as stated in our
detailed water budget.

Fillings were reworked and extracting lid of waste- and freshwater was adapted to match SD
Organizers’ fittings.

Technical systems of the house
The housing of the external heat pump was designed and is marked in the plans. It will also
accommodate the electrical sub-systems.
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The layout of air channels in the construction and in the floor have been improved in
coordination with the involved companies in order to further optimize L.I.S.I’s energy
efficiency. [see M-102, M-103]

The layout of the entire plumbing system has been refined. [see P-301]

e PVsystem
Due to the loss of our previous PV Sponsor, we had to change the entire PV system
(mechanically and electrically). 35 Modules (KPV 240 PE) will be provided by the Austrian
manufacturer Kioto Photovoltaic Energy. As a result, different inverter models were chosen
from the same sponsor Fronius.
The new modules are mounted to the roof with the so-called “iFix” system. This system
provided by Voestalpine allows for mounting without roof penetration and is secured with
individual concrete plates as weight loads against wind. [see Project Manual, E-601, E-650]
Also, the location and housing of the inverters were defined. [see E-101]

e Electrical system
By reducing the number of circuit breakers by 5, the entire power supply can be accommodated
by just one line. [see E-602]

All lamps will be directly supplied by four 24 VDC/10 A power adapters, which are secured by
one common fuse. [see E-607]

Added calculations for cable cross sections. [see Project Manual]
Revisions regarding the cable conduit [see E-601, E-602]

Changed position of the “organizer enclosure” inside the technical room as well as the
“organizer utility panels” and “meter housings” [see E-101]

All electrical installations are laid out and implemented according to the Austrian standard
“ONORM 8001” and all therein referenced standards. The house’s electrical system will be
commissioned by our electrical engineer according to the national standards. [official
documentation upon request]

The Project Manual has been updated from the previous issue. Revisions include:

e Revision 1:
“Structural Calculations” thoroughly revised to reflect changes in construction system in lieu of
previous content under “Preliminary Calculations” (see also [2012-11-20] Revision 1); original
German-language calculation documents added as Appendix B.

e Revision 2:

“Detailed Water Budget” revised.
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e Revision 3:
“Active Energy Systems”, chapter “ERV” revised.

e Revision 4:
“Energy Analysis Results and Discussion” extended by chapters “Building and System
Simulation” and “Electricity Consumption Prediction”

e Revision 5:
Due to numerous changes regarding the construction specifications, a brief summary of all
changes is given in the following. For clarity, all acanges made in the construction
specifications are marked yellow in this project manual.

e Changes to main construction
Due to the change of our main construction sponsor and company, the main construction of
structural floor, ceiling and walls of L.I.S.I had to be modified.
Wall elements changed to a wood framing construction which has blown in cellulose as
insolation (SIPs with cross-laminated timber).
The insulation thickness on the roof was increased and the construction of the roof itself was
changend to the same wood framing construction as the floor.
Insulated walls now have a thicker insulation and are construted as box elements with blown in
cellulose insulation.
The dimensions of the modules were improved to be equal in size. Hence, the number of
different sized construction wood pieces could be decreased. The insulation layer was
optimized to be of equal thickness on all sides of the house.
These design steps were done togehter with our new construction sponsor to optimize material
use and construction time.
Due to the above mentioned changes the dimensions of the house have slightly increased.

e Changes to the terrace and ramp construction
The scaffolding sub constructions of the terrace and the ramp were replaced by a wooden
support construction to minimize the use of metal.

e Changes to the floor plan
The technical room was moved to the northen side of the house. North and south windows of
the bathroom and bed room respectively were moved to the east.
The window in the bed room was equipped with the required emergency exit.

e Changes to windows
Windows were changed from a folding system to a sliding system.
A new "parking" postition was created on the north and south end of our
sleeping/bathing/technical core.

e Changes to plumbing and technical systems
The layout of the technical room was modified.The position of air in- and outlets were shifted.
The layout of all water piping was adjusted to the updated floor plans.
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e Changes made to the water tanks
The water tanks were switched for stable polypropylene fresh- and wastewater tanks. They
remain fully shaded underneath the wooden terrace.
A central connection for filling and emtpying the tanks remains.

e Fire protection system
The Layout of the fire supression system was improved and the amount of sprinkler heads
increased to nine, while still meeting the required runtime specifications for two heads. A
pump for the fire suppression was integrated in the design.

The Project Manual has been updated from the previous issue. Revisions include:

e Revision 1:
“Structural Calculations” extended to include content of“Preliminary Calculations” (German).

e Revision 2:
“Summary of Reconfigurable Features” revised/extended.

e Revision 3:
Former section “Mechanical Energy System” retitled “Acive Energy Systems” and section
content revised/extended.

e Revision 4:
“Calculations of service/feeder net computed load and neutral load (NEC 220)“ added to
section “Interconnection Application Form”.

e Revision 5:
“Energy Analysis Results and Discussion” revised.

e Revision 6
“Quantity Takeoff of Competition Prototype House” revised.

e Revision 7
Sections of “Construction Specifications” revised.
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Rule 4-2

Rule 4-2

Rule 4-3

Rule 4-4

Rule 4-5

Rule 4-6

Rule 4-6

Construction
Equipment

Construction
Equipment

Ground Penetration

Impact within the
Solar Envelope

Generators

Spill Containment

Spill Containment

Project Summary
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Drawing(s) showing the assembly and
disassembly sequences and the movement of
heavy machinery on the competition site

Specifications for heavy machinery

Drawing(s) showing the locations and depths of
all ground penetrations on the competition site

Drawing(s) showing the location, contact area,
and bearing pressure of every component
resting directly within the solar envelope

Specifications for generators (including sound
rating)

Drawing(s) showing the locations of all
equipment, containers, and pipes that will
contain liquids at any point during the event

Specifications for all equipment, containers,
and pipes that will contain fluids at any point
during the event

0O-101
0-901
0-902
0-903
0-904

01 54 00
Construction
Aids

S-101

S-101(4-3)

26 32 00.A1
Packaged
Generator
Assemblies
F-301

P-101

P-102

P-103

P-301

03 54 00

Cast
Underlayment
21 13 00.A1
Fire-Suppression
Sprinkler
Systems;

22 11 16.A1
Domestic Water
Piping

22 11 23.A1
Domestic Water
Pumps

22 12 00.A1
Facility Potable-
Water Storage
Tank

22 13 16.A1
Sanitary Waste
and Vent Piping
22 13 63.A1

Rules Compliance Checklist

Page-9



Rule 4-7

Rule 4-7

Rule 5-2

Rule 5-2

Rule 6-1

Rule 6-2

Rule 6-2

Rule 6-3

Rule 7-1

Lot Conditions

Lot Conditions

Solar Envelope
Dimensions

Solar Envelope
Dimensions

Structural Design
Approval

Finished Square
Footage

Finished Square
Footage

Entrance and Exit
Routes

Placement
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Calculations showing that the structural design
remains compliant even if 18 in. (45.7 cm) of
vertical elevation change exists

Drawing(s) showing shimming methods and
materials to be used if 18 in. (45.7 cm) of
vertical elevation change exists on the lot

Drawing(s) showing the location of all house
and site components relative to the solar
envelope

List of solar envelope exemption requests
accompanied by justifications and drawing
references

List of, or marking on, all drawing and project
manual sheets that will be stamped by the
qualified, licensed design professional in the
stamped structural submission; the stamped
submission shall consist entirely of sheets that
also appear in the drawings and project manual

Drawing(s) showing all information needed by
the rules officials to measure the finished
square footage electronically

Drawing(s) showing all movable components
that may increase the finished square footage if
operated during contest week

Drawing(s) showing the accessible public tour
route

Drawing(s) showing the location of all
vegetation and, if applicable, the movement of
vegetation designed as part of an integrated
mobile system

Rules Compliance Checklist
Page - 10

Facility Gray
Water Tanks

22 3300
Electric
Domestic Water
Heaters

23 20 00
HVAC Piping
and Pumps

23 50 00
Central Heating
Equipment
2371 13.A1
Thermal Heat
storage

See ,Summary
of changes:
Leveling”

S-101

A-101
A-211
A-212

G-101
A-211
A-212

G-103

L-104



Rule 7-2

Rule 8-1

Rule 8-3

Rule 8-3

Rule 8-4

Rule 8-4
Rule 8-5
Rule 8-5

Rule 8-5

Rule 8-5
Rule 8-5

Rule 8-5

Rule 8-5

Rule 9-1

Rule 9-1

Watering Restrictions

PV Technology
Limitations

Batteries

Batteries

Desiccant Systems

Desiccant Systems
Village Grid
Village Grid

Village Grid

Village Grid
Village Grid

Village Grid

Village Grid

Container Locations

Container Locations
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Drawing(s) showing the layout and operation of
greywater irrigation systems

Specifications for photovoltaic components

Drawing(s) showing the location(s) and quantity
of all primary and secondary batteries and
stand-alone, PV-powered devices

Specifications for all primary and secondary
batteries and stand-alone, PV-powered devices

Drawing(s) describing the operation of the
desiccant system

Specifications for desiccant system components
Completed interconnection application form

Drawing(s) showing the locations of the
photovoltaics, inverter(s), terminal box, meter
housing, service equipment, and grounding
means

Specifications for the photovoltaics, inverter(s),
terminal box, meter housing, service
equipment, and grounding means

One-line electrical diagram

Calculation of service/feeder net computed
load per NEC 220

Site plan showing the house, decks, ramps, tour
paths, and terminal box

Elevation(s) showing the meter housing, main
utility disconnect, and other service equipment

Drawing(s) showing the location of all liquid
containers relative to the finished square
footage

Drawing(s) demonstrating that the primary
supply water tank(s) is fully shaded from direct
solar radiation between 9 a.m. and 5 p.m. PDT
or between 8 a.m. and 4 p.m. solar time on
October 1

Rules Compliance Checklist
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48 10 00
Electrical Power
Generation
Equipment

26 31 00.A1
Photovoltaic
Collectors Roof
n.a.

n.a.
E-101

A-101
E-603

48 19 16.A1
Electrical Power
Generation
Inverters

E-601

E-101
G-103

E-101

H-101

G-601

H-101

P-103

Detailed Water
Budget



Rule 9-2 Team-Provided Quantity, specifications, and delivery date(s) of Detailed Water
Liquids all team-provided liquids for irrigation, thermal Budget
mass, hydronic system pressure testing, and
thermodynamic system operation

Rule 9-3 Greywater Reuse Drawing(s) showing the layout and operation of N-A.
greywater reuse systems
Rule 9-4 Rainwater Collection Drawing(s) showing the layout and operation of n-Q.
rainwater collection systems
Rule 9-6 Thermal Mass Drawing(s) showing the locations of liquid- n-d-
based thermal mass systems
Rule 9-6 Thermal Mass Specifications for components of liquid-based ek
thermal mass systems
Rule 9-7 Greywater Heat Drawing(s) showing the layout and operation of N-Q.
Recovery greywater heat recovery systems
Rule 9-8 Water Delivery Drawing(s) showing the complete sequence of P-101
water delivery and distribution events
Rule 9-8 Water Delivery Specifications for the containers to which water 22 ]2 00.A1
will be delivered Facility Potable-
Water Storage
Tank
Rule 9-9 Water Removal Drawing(s) showing the complete sequence of P-101
water consolidation and removal events
Rule 9-9 Water Removal Specifications for the containers from which 22 13 63.A1
water will be removed Facility Gray
Water Tanks
Rule 11-4 Public Exhibit Interior and exterior plans showing entire G-103

accessible tour route

Project Summary Rules Compliance Checklist
U.S. D.O.E. Solar Decathlon 20113 Page - 12



.

AN




Calculations are based on the construction drawings titled STRUCTURE (S-101 through S-901).

The structural calculations related in the following were conducted and certified by the following
Austrian engineering firm:

Dr. Karlheinz Hollinsky & Partner ZT GmbH
1130 Wien, Miinichreiterstraf3e 25

phone: +431/ 87739 77

fax: +431/8773977/ 22

e-mail: office@hollinsky.at
http://www.hollinsky.at

In order to achieve a structural solution suitable for both Austria as well as California, many structural
possibilities were taken into consideration and included in calculations and simulations throughout
LIST’s design phase. The final as-built realization including all products has been derived and evolved
from all previous systems and was, to a certain extent, only possible by investigating various different
options.

Due to LISI’s buildings structure (light weight walls, roof including flying edge, weights for PV
structure mounting), high point loads occur in certain spots. Team Austrian has developed several
solutions with the organizers of the Solar Decathlon. Eventually, the easiest method was applied,
however to give a better understanding of the chosen methodology, Team Austria has decided to
include the structural calculations in its entirety in Appendix D — Original Structural Calculations.

The statics engineering firm mentioned above approved of all structural designs and inspected the
completed building at the construction site. A cover letter documenting the local structural inspections
can be found in Appendix B — Local Inspection Certificates.

For the Solar Decathlon competition a residential unit in lightweight construction is to be built. All
components are designed in a lightweight design. The roof, the floor and the walls are made from
laminated timber. At the bottom, girders of wood-based panels and wood supports are arranged for
insulation and load transfer. The anchoring to the ground is realized by means of “spin-anchors”.

Standards used:

Loads according to

Project Summary Structural Calculations
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=  ONORM EN 1991-1-1; ONORM B 1991-1-1
=  ONORM EN 1991-1-3; ONORM B 1991-1-3
=  ONORM EN 1991-1-4; ONORM B 1991-1-4

Evidence of technical features according to

= ONORM EN 1995-1-1; ONORM B 1995-1-1

Building function: Housing
Wind loads:

Base wind speed: 28.87m/s

Base wind speed load: 0.52 kN/m?2
Peak wind speed: 38.49 m/s

Peak wind speed load: 0.926 kN/m2

Snow loads:

Characteristic snow load on ground: 2.59 kN/m2

Characteristic snow load on roof: 2.08 kN/m2
Live loads:

Interior spaces: 2.80 kN/m?2

Exterior decks, ramp: 3.0 kN/m2 + snow load 2.59 kN/m2

Roof (only applies to critical area of 18m2, in lieu of wind and snow): 1.0 kN/m?2
Dead loads (construction assemblies):

Roof: 1.93 kN/m2

Floor: 1.97 kN/m2

Calculation according to Austrian standards ONORM EN 1998 and ONORM B 1998:
Significance class: 11

Ground class: B

Project Summary Structural Calculations
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Ductility factor: q=1.5

Design spectrum (at floor level): B

Calculations according to IRC Section R301.2.2:
Seismic design category: D,

Seismic acceleration Sps: 0.67 g

Project Summary Structural Calculations
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04 Detailed Water Budget

The water budget is based on the capacity of the tanks located under the north terrace. In compliance
with Rule 9-1, this location is fully shaded throughout the day.

Fresh water is stored in 4 tanks with a capacity of 249.64 gal (945 liters), 231.15 (875 liters), 212.66
(805 liters) and 196.02 (742 liters). So a total fresh water capacity of 834.2 gallons (3367 liters) is
achieved.

The plants of LISI are automatically watered from a 68.68 gal (260 liters) rain water tank. Due to the
unlikeliness of rain during the first competition days this tank will be filled initially together with the
fresh water tanks.

Waste water is kept in 3 tanks with a capacity of 264.17 gallons (1000 liters), 27.74 gallons (105 liters)
and 154.54 gallons. 27.74 gallons tank works as stop over tank and waste water is pumped
automatically to the 264.17 gallon tank according to the water level.

So a total waste water capacity of 446.45 gallons (1690 liters) is achieved. We are assuming that waste
water will be removed twice during the duration of the competition.

| Task (Day) | Gallons/Task | Tasks /Day [ loss | Total |
Friday (Day 12):
Clothes Washer 11.87 1 0% 11.87
Dishwasher 2.64 1 0% 2.64
Hot Water 15.00 1 10% 16.50
Saturday (Day 13):
Clothes Washer 11.87 1 0% 11.87
Cooking 0.60 1 5% 0.63
Hot Water 15.00 2 10% 33.00
Sunday (Day 14):
Clothes Washer 11.87 1 0% 11.87
Dishwasher 2.64 1 0% 2.64
Hot Water 15.00 1 10% 16.50
Cooking 0.60 1 5% 0.63
Monday (Day 15):
Clothes washer 11.87 2 0% 23.74
Hot Water 15.00 3 10% 49.50
Tuesday (Day 16):
Dishwasher 2.64 1 0% 2.64
Hot Water 15.00 3 10% 49.50
Project Summary Detailed Water Budget
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Cooking 0.60 1 5% 0.63
Wednesday (Day 17):

Clothes Washer 11.87 2 0% 23.74
Cooking 0.60 2 5% 1.26
Hot Water 15.00 3 10% 49.50
Thursday (Day 18):

Dishwasher 2.64 1 0% 2.64
Hot Water 15.00 2 10% 33.00
[Waterneeded Day 13— s 64

Friday (Day 19):

Clothes Washer 17.70 1 0% 17.70

Dishwasher 2.63 1 0% 2.63

Cooking 0.60 1 5% 0.63

Hot Water 15.00 1 10% 16.50

Irrigation:

Automatic watering 8 8 0% 64.00

Technical systems:

Initial filling of hot water 79.15 1 1% 79.94

storage

Initial filling of heating 18.47 1 2% 18.84

system

Water system tests 5.00 1 100% 5.00
[m|n]

Sprinkler System 11.00 154.00
Swos | | | | |
Competition 381.76
Irrigation 64.00
Technical 103.78
Fire Protection 175.00
Project Summary Detailed Water Budget
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05 Summary of Unlisted Electrical Components

No unlisted electrical components used.

Project Summary Summary of Unlisted Electrical Components
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LISI is an ecological house designed for a life in touch with nature. Its spacious indoor living area can
expand to patios in the north and the south, whenever weather conditions allow. On a relatively small
floor plan, LISI offers a spatial quality otherwise unknown of in homes of this dimension, thanks to a
number of adjustable architectural features, namely the large, glazed sliding doors opening to the
north and the south, horizontally retractable awnings, and the textile and the variable facade curtain
elements that enclose the patios.

On a typical morning, the outer curtain can be drawn open to let the first rays of sunlight warm the
breakfast table. At mid-day, horizontal awnings fold out to protect the patios from over-heating. The
outer facade stays closed in the afternoon, when the sun is low. From dusk, all the windows remain
shut over night to prevent thermal energy losses. Textile shading efficiency as well as thermal and solar
glazing properties have been optimized based on computational simulations (see also “Fehler!
Verweisquelle konnte nicht gefunden werden.: Angle of incidence for solar radiation

Depending on the latitude, the angle of the sun plays a major role for the design of a building. Roof
overhangs and shading devices have to be conceived and dimensioned in a way that wanted solar gains
are maximized during winter and unwanted solar gains are kept at a minimum in summer. If
successful, the building will require less heating and cooling also resulting in needing less energy
produced by active solar systems (photovoltaic). This also means less area has to be dedicated to a
photovoltaic system on the building’s envelope and more area can be used for window openings
allowing for passive solar gains and natural lighting, resulting in less power for artificial lighting
during off-peak times, especially in winter.

Project Summary Summary of Reconfigurable Features
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Inclination of sun in winter and in summer in Vienna, Austria

[
]
" =

Inclination of sun in winter and in summer in Irvine, California
Impact of Reconfiguration Features”).

These variable elements not only offer thermal comfort, luxury, and delight, but also allow for
adjusting one’s currently desired degree of social interaction. The inhabitants can curl up in their

Project Summary Summary of Reconfigurable Features
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protective cocoon, or open up for a maximum of neighborhood communication, or anything in
between.

Both the north and south fagcade are completely glazed. The sideways sliding window frame system is
completely retractable within the remaining facade.

During jury walkthroughs the sliding windows will be opened and closed for showcasing.

The construction design of the windows can be found in drawing sheets A-531 and A-532.

Horizontal (overhead) “sun-sail”’(“Sonnensegel”) system: Soliday (http://www.soliday.eu)

The awning system is automatically controlled by a roof-mounted weather station but can also be
manually controlled through LISI’s tablet app.

For the construction design see drawing sheets A-113, A-502, A-511, A-513, A-543, A-551.

Vertical shading curtain system surrounding the patios and building exterior. The curtain can be
opened up and closed manually.
For the construction design see drawing sheets A-511, A-513, A514, A-515.

The building’s western wall unit provides a variety of
different functions. These include the kitchen, wardrobe,
TV-area as well as a laundry area including both the . .
washing machine and the clothes dryer. Special systems,
such as folding doors which stow away, enable the entire
TV-area to be opened or closed completely by hand in just
a few simple steps. H | !

./ U

Semi-opaque sliding elements behind the countertops make it easy to cover up kitchen appliances such
as the water boiler or coffee machine while keeping power outlets and light switches comfortably
accessible.

Project Summary Summary of Reconfigurable Features
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Views of the cabinet wall in an open and closed position.

Cabinet doors can easily be opened and closed for showcasing purposes during jury walkthroughs.

The living room couch comprises individual modules of various sizes and seating heights. The modules
can be rearranged easily as needed and make the couch a central esthetic element of the living space
with the advantages of high flexibility. Due to weather and water proof features of the cushion
material, the couch can also be used in any desired configuration outside on LISI’s patio.

The basic arrangement of the couch elements can be seen in the first figure. This will also be the
arrangement during public exhibit hours. An arrangement facing LISI’s entertainment wall will be
presented for the movie night and can be seen in the second figure.

Project Summary Summary of Reconfigurable Features
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Couch positioning for the movie night

TEAM AUSTRIA

A third arrangement will be positioned in a casual communicative form for the dinner parties and can
be viewed in the last figure.
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Dinner party couch arrangement
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07 Interconnection Application Form

Team Austria / Lot Number 109

PV SYSTEM
Module Manufacturer Short Description of Array DC Rating of Array
(sum of the DC
ratings)
Kioto Photovoltaics 13 modules KPV 240 PE (240 Wp each) arranged in 1 3.12 kWp
string
Alternative 22 modules Holleis Lotus G2 (250 Wp each) arranged 5.5 kWp
Energiesysteme Holleis in 1 string managed by module integrated DC-DC
converters with a maximum string voltage < 400 V
Total DC power of all arrays 8.62 kWp
INVERTER
Inverter Model Number MPPT-Voltage [V] | Rating [kW] | Quantity
Manufacturer
Fronius Fronius 1G Plus 3.0-1 UNI 230-500 V 3.0 kw
SolarEdge Single Phase SE5000A-US max. 500 V 5.0 kW 1
Total AC power of all inverters 8.0 kW
REQUIRED INFORMATION

The following information is located in the construction documents listed

. |locaon |

One-Line Electrical Schematic E601

Plan view of the lot showing the house, decks, ramps, tour paths, the service A-101,A-111,E-101, G-
point, and the distribution panel or load center 103, G-601

Plan showing the location of the inverters in the house E-101

The team’s electrical engineer is Mario Palan.
His contact information has is provided in the “Team Officer Contact Info” database on the Yahoo
Group as required per Rule 3-2.

Project Summary Interconnection Application Form
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Calculations of service/feeder net computed load and neutral load (NEC 220)
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LIST’s energy system is carefully engineered to be fully functioning and to provide the energy and
comfort levels for a healthy and appreciated living with using as little resources as possible. Aside from
these fundamental requirements, LISI’s engineering system design also lives up to the following three
aspects, which Team Austria identified as most crucial for a widespread distribution of future home
energy systems.

1. Efficiency:
All utilized components do not only individually represent the most efficient products currently
available, but are put together to form a system, which works as one efficient body. In addition,
special care was taken in the choice of the system components regarding their life cycle
analysis. Our sustainable approach looks at both operation energy use and life cycle costs.

2. Cost effectiveness and availability:
Of course the market availability and the innovation of system components can be seen as
somewhat contradicting features. However, we believe, that the best currently available
products have reached a stage of maturity that does not leave significant room for further
efficiency gains. The actual distribution and wide-spread application of houses like LISI were
therefore regarded the most pressing goal Team Austria is addressing in this competition.
Multiplying LISI and spreading energy efficient systems in homes will be best achieved by
utilizing components that are both easily accessible and cost efficient in initial investment as
well as in operation.

3. Facilitate implementation:
LIST’s energy system strives to combine simplicity and user friendliness with efficiency and
ingenuity. On the one hand, home owners must not be expected to fully understand the
technological fundamentals of their home’s energy system in order to simply live there. The
system must therefore be easy to operate and to maintain. On the other hand, installers of
components absolutely have to understand the energy system. They must be able to design and
correctly size LIST’s system and feel comfortable with operation modes and control strategies. A
vastly used future energy system for homes must not require the mutual design effort of
numerous experts or scientists.

By implementing an all-electrical system, Team Austria will completely rely on energy generation from
photovoltaics (PV). This way, excess energy, which will not be needed by the house, can be fed into the
grid or can power electric vehicles. This option is not available for excess energy from a solar thermal
system, which is one of Team Austria’s reasons for going all electric.

Project Summary Active Energy Systems
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A 8.62 kWp system at a 10° tilt towards south in Irvine, CA, will yield approximately 13000 kWh of
electrical energy for LISI annually. The low tilt fits the architectural concept of the building and
guarantees a shading-free operation of the PV modules. Also, a higher total power installation can be
implemented than with tilted and spaced arrays, since there is only a minimum of spacing required to
prevent modules from shading each other.

The system was simulated using PVsyst5 and results were cross-checked with PVWatts.

Load estimates have shown that the yearly energy yield will be sufficient for powering LISI and making
it a plus-energy home. For a detailed analysis see chapter “Energy Analysis Results and Discussion”.

The PV system consists of 13 Kioto Photovoltaics and 22 Holleis Lotus G2 polycrystalline silicon
modules. All modules comply with the IEC standards 61215 and 61730 (equivalent to UL 1703), tested
by TUV Rheinland, Germany.

Due to a large price decay in silicon PV modules, the chosen technology is among the cheapest
currently available. This ensures best conditions for an economic operation of the PV system.

The 13 Kioto modules are connected to a 3 kW Fronius inverter in one string. The 22 Holleis Lotus G2
modules utilize power optimizers integrated into their junction boxes. These power optimizers are DC-
DC converters constantly tracking the maximum power point of each module individually. Since the
DC-DC converters keep the string voltage at a constant level well below 600 V, all 22 Holleis modules
can be connected to a 5 kW SolarEdge Single Phase Inverter in one string.

Both inverters are available in the US and comply with UL 1741 standards as well as with Austrian
standards and will be reconfigured to work under Austrian grid conditions (230 V/ 50 Hz) after the
competition.

The “PV iFIX” underconstruction is an innovative Austrian PV roof mounting system especially
designed for flat roofs. It is light weight and does not require roof penetration. Stability and wind loads
are accounted for by ballasting the structure and modules simply need to be clipped onto the structure.
Hence, the system is ideal for LISI.

The iFIX structures provide a fixed orientation angle of 10°, which will be facing southwards.

The projected electric demand, the architecture and dimensions of LISI’s roof and the dimensions of
available Kioto and Holleis modules favored a layout of 35 modules in total. 13 Kioto modules rated at
240 Wp and 22 Holleis modules rated at 250 Wp at standard test conditions make the system

8.62 kWp in total.

These two sub-systems require two separate inverters. The Kioto modules are connected to a Fronius
inverter with a rated power of 3.0 kW and will host one string of 13 modules (3.12 kWp). The
SolarEdge inverter is rated for 5.0 kW and will be connected to a single string of 22 modules (5.5 kWp
total).

Both strings stay well below the NEC maximum system voltage of 600 V at low temperatures.
Required DC string fuses for overcurrent protection are already integrated in the inverter housings.

Project Summary Active Energy Systems
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The inverters are Fronius IG Plus 3.0-1 UNI and SolarEdge SE5000A-US models, which can be
adapted to various grid layouts, including the Solar Decathlon provided 150 A, 240/120 V, 60 Hz,
single-phase, 3-wire service. The inverters have rated nominal powers of 3.0 and 5.0 kW respectively.
Specifications of the inverters and the PVsysts simulations show, that there are no losses due to
inverter overload in a yearly simulation, therefore the inverters are sized properly for the 8.62 kW PV

array in California.
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PVsysts sizing analysis for the inverters. The yearly simulation shows that both the voltage and the
power of the PV array are well within the specifications of the inverters.

A full summary of a yearly simulation of the PV system is given in chapter “Energy Analysis Results

and Discussion”.
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Space heating, cooling and ventilation for LISI are provided by a reverse cycle air/water heat pump in
conjunction with a fresh air energy recovery ventilator (ERV).

A multifunctional under-floor heating system offers a large surface area for space heating and cooling.
At the same time it delivers fresh air from the ERV to the living areas, making the heating, cooling and
ventilation system easy to deploy and flexible to operate.

Domestic hot water is provided by a separate air/water heat pump, optimized for operating at higher
temperatures.

A detailed schematic of the mechanical system is shown in M-602.

The CLEEN Patenta SOLO 9 ++ heat pump is a reverse cycle packaged outdoor unit using air as a
source and R410A as a refrigerant. It is offered by the Austrian system integrator CLEEN Solair. Water
is heated or cooled and transferred into two 70L storage tanks before being distributed to the under-
floor system.

The thermal heat pump output is rated at 6.67 kW for cooling with an EER of 2.44 for A35 W12/7 (°C)
and 8.21 kW power for heating with a COP of 4.61 at the operation point A7/6 W30/35 (°C).
More rated conditions for the CLEEN Patenta SOLO 9 can be found in the data sheet.

The CLEEN Patenta 300 is an integrated tank and air source heat pump module, located in the
technical room. Air will be drawn from the outside and exhausted to the outside. This prevents the
technical room from cooling down too much due to energy harvested by the DHW heat pump.

For hot days, the heat pump is integrated into the building to also offer “Excess cooling utilization”. In
this mode, the air to the heat pump will be taken from the living areas and cool, dryer air will be
returned. The ventilation system — and hence fresh air supply - is independent of this mode and will
not be affected.

The thermal heat pump output is rated at 700 W for 60 °C. The COP of the heat pump is 3.7 at typical
rating conditions for DHW generation. The capacity of the tank is 300 L.

The DHW heat pump supplies water for the kitchen and bathroom sink. The appliances are chosen to
also use this efficiently produced water, with hot water connections for both the washing machine and
dish washer. The shower, which is supplied by the DHW system, assists in saving energy with a fully
integrated heat recovery system.

Project Summary Active Energy Systems
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The Joulia shower system can recover up to 32% of energy by utilizing the shower tray as a heat
exchanger. Used water flows down along the tray heating up cold feed water in a counter flow
arrangement. Depending mainly on the utilization of the recovered heat and the flow rate of the
shower head, up to 32% of the required energy for showering can be saved. More detailed calculations
on the efficiency of the Joulia shower in various system configurations can be found in the chapter
“Energy Analysis Results and Discussion”.

25°C

10°C 20°C

Shower tray heat recovery concept ©Joulia

The Hoval HomeVent® RS-250 energy recovery ventilation unit (ERV) acts as a heat and humidity
exchanger between used outgoing air and fresh incoming air. The ERV unit contains an enthalpy
recovery wheel coated with a desiccant material to exchange sensible and latent (humidity) energy
between the exhaust and fresh air streams. Only with this technology, it is possible to be most energy
efficient in California and Austria alike. In the Californian summer, which is characterized by high
temperatures and humidity, the ERV with an enthalpy wheel serves as an energy and humidity
recovery system from the fresh to the exhaust air stream, meaning that the dry and cool conditioned
air stays inside the building.

For Austrian winters, however, it is very important to enhance the humidity of the indoor air, when
usually cold air from outside is only heated up. Therefore, the enthalpy wheel is operated as a humidity
recovery device for keeping the warm and humid air inside.

The HomeVent® RS-250 is designed for fresh air at a rate of 65-250 m3/hr. Ventilation fans are
integrated in the unit and an additional cooling coil is attached to the duct of the inside fresh air after
the ERV. The cooling coil is fed with cold water by the heat pump for providing the option of air
dehumidification.

In addition to energetic benefits, the ERV also filters dirt particles, pollutants, dust and pollen and can
be controlled by CO. levels in the living areas. Overall, it provides a very healthy and comfortable
indoor environment.
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Multifunctional under-floor system

The ClimaLevel® multifloor system provides heating and cooling functions as well as ventilation for
the living areas. While heating and cooling are mostly done by using water as a carrier medium, the
required fresh air volumes coming from the ERV can be individually regulated. The large surface area
allows for high energy efficiency using small temperature gradients and the thermal comfort of a
radiative floor system. This significantly reduces ducting cross sections, as well as peak sensible
heating and cooling loads. As can be seen in the figure, air is flowing through the under-floor
construction and is additionally conditioned by the water coils.

Section scematic of the ©ClimaLevel multifloor system
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The design effort for LISI required a careful analysis of the climatic conditions in Irvine,CA and its
final location Vienna, Austria.

In the first part of this chapter simulation results affecting design decisions are discussed. The main
focus was set on different glazing choices for LISI’s large sliding windows in the north and south as
well as overall passive solar design and active shading considerations.

The second part shows results from detailed PV yield predictions for Irvine, CA and Vienna, Austria
obtained from PVsyst simulations.

The third part of this chapter addresses simulation results gained from TRNSYS simulations
combining the building and the active HVAC and energy system. Because TRNSYS is able to simulate
transient thermal and electrical energy systems in connection with a building model, we chose this
program for LISI’s complete energy analysis and a comparison of simulations for Irvine and Vienna
and also checked for expected behavior during the Solar Decathlon competition. Also, energy savings
between LISI and a typical Californian building are discussed.

In the fourth part, the heat recovering shower was analyzed in depth. Since we decided to install this
innovative product we analyzed and compared the energy savings from hot water use by building a
TRNSYS model of LIST’s hot water system in different configurations.

Extensive parameter studies were conducted employing various types of building performance
simulation software in order to inform the process of design the building envelope.

Aside from computer simulation programs that calculate on a time-step basis (e.g. TRNSYS), the
program package GEBA was used, which calculates the thermal behavior of a building in the frequency
domain for periodically characteristic conditions (time period: 1 day).

This approach yields easily comparable performance diagrams for characteristic sets of design
parameters that are especially well suited for analyzing the impact of design decisions on thermal
performance.

A selection of results from these parameter studies are presented and briefly discussed in the
following.

For buildings located in Vienna, it is a well-known and established fact that very low-emission,
“passive house” standards can only be met if the building envelope is highly insulated. Based on a
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preliminary analysis of the climatic conditions in Irvine, California, however, it is debatable whether
such large thicknesses of thermal insulation are necessary to achieve the energy balance target.

Results of calculating the impact of the thermal quality of exterior walls are presented here to illustrate
the principle of such diurnal parameter studies. The heat transfer coefficient (U-value) is maintained
as 0.2 W/m2K for the roof and 0.3 W/m2K for the floor components. The glass facades both to the
north and the south are assumed to be double-glazed with a U-value of 1.1 W/m2K and a solar heat
gain coefficient of g = 0.61.

Sensible cooling and heating demands are calculated for 3 selected days of the year and variable U-
values assigned to the exterior wall components. The following figure charts the resultant mean and
peak values of the sensible cooling load as a function of U-value for Mid-August and Mid-October,
whereby the operative temperature was set to 26 °C. The full use of shading devices throughout the
day was also assumed.

The results for October, the month of the competition, show that the cooling loads are fairly
independent of the exterior wall U-values. In August, the hottest month in Irvine, increasing the
thermal insulation clearly decreases the cooling load and thus improves the overall performance.

Project Summary Energy Analysis Results and Discussion
U.S. D.O.E. Solar Decathlon 20113 Page - 42



LISI - THE HOUSE ' TEAM AUSTRIA

1100

1000 ’///“
200 //_—
800

700

600

500

/

__________—-——"_ —
400

L 4

sensible chilling power [W]

I ———

300

—4—15.8. - daily max.
—4#—15.8. - daily mean
—$—15.10. - daily max.
—4#—15.10. - daily mean

200

100

0.2 0.3 04 05

U-value of external walls [Wm™2K1]

The next figure illustrates how varying the U-value of exterior walls influences the heating energy
demand in December, assuming a set temperature of 20 °C.

Here it becomes is apparent that improving wall insulation values leads to substantial reductions in

the winter heating energy demand. A U-value of 0.2 W/m2K results in a peak heating load of less than
100 W.
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The final graph in this section plots the heating load over the course of the day for the calculated U-
values.

800

750

—=0,5 W fgm* K
700 / \ —1=0,4 W/gm*K
650 v, —_—U=0,3 W/ gm*K
/ \ ——U=0,2 W/am*K
600 4 \
550 /./ /N
/ \|

[\

s
n
=}

heating power [WW]
w Py
s 2
™,
AN
L
|

MV S
/AR

100

. / /\\\\ — /

N
~
e
™.

g 7/ 4
2 / / \\\ \, N _.// _./
a 1 2 3 4 5 6 7 B 9 10 11 1z 13 14 15 16 17 18 19 20 21 22 23 24
daytime[h]
Project Summary Energy Analysis Results and Discussion

U.S. D.O.E. Solar Decathlon 20113 Page - 44



LISI - THE HOUSE ' TEAM AUSTRIA

Furthermore, the results also reveal a potential for overheating (above the set temperature of 26 °C)
even in winter, making it necessary to employ shading devices between 10 a.m. and 2 p.m.

Note:  The slight waviness of the lines plotted in the figure above are characteristic of the frequency-domain calculation
model (Fourier analysis) and are not a reflection of any physical properties.

The conclusion drawn from this parameter study is to design the exterior wall construction such its U-
value does not exceed 0.2 W/m2K.

Thermal bridging effects in construction assemblies

In order to confirm that the construction details of the building envelope would not be prone to
condensation at the interior surfaces, all of the critical assembly regions were two- and three-
dimensionally modeled for calculation with a simulation program to analyze thermal bridging effects.
The results for boundary conditions as would be expected in Irvine showed none of the construction
details to be problematic in terms of condensation behavior.

Results for a 2D model of the connection between exterior wall and roof — construction detail C — are
related here as an example. The calculations were performed with the thermal simulation program
AnTherm, which not only calculates the temperature distribution within the construction assembly,
but also the distribution of vapor partial pressures. This makes it possible to spot critical points in the
construction where the vapor pressure exceeds the saturation limit and condensation would be likely.
The following figure is a rendering of the calculation model for construction detail C.
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Calculating the heat flow:

The density pattern of thermal transmission through the construction assembly is visualized as heat
flow lines in the figure below, where the amount of heat transferred between two neighboring lines is
0.1 W/m. The exterior air temperature was set to 9 °C and the interior air temperature to 23 °C for this
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The calculations yield a linear thermal conductance (L2P) of 0.5774 W/mK as the characteristic value
for the construction detail. Referenced to exterior dimensions, this value converts to a linear U-value
adjustment (y) of -0.06 W/mK, which meets the construction requirement according to passive-house

standards.
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Calculating the temperature distribution:
The temperature distribution is calculated with an elevated interior heat transfer resistance of Ry =
0.25 m2K/W. The isotherm image below illustrates the resulting temperature distribution.

Temperatur °C
.00 11.33 13,67 16,00 1833 2067 2300

16.00°C

20.00°C

The interior surface temperature is lowest in the corner between exterior wall and roof, where it dips
to 20.8 °C. Condensation would only occur here in the unlikely event that the relative humidity of the
indoor air exceeded 88%. In other words, there is virtually no danger of excessive moisture or mould
developing in this part of the construction, a conclusion confirmed by the calculated temperature
factor frsi = 0.84. The Austrian standard B8110-2 prescribes values of fz.; greater than 0.7. Since this
factor is not dependent on air temperature, it can also be applied as a criterion to the Irvine site.
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Calculating water vapor migration:

The behavior of moisture passing through the envelope was simulated to gain information about the
likelihood of water condensing within the construction assembly of detail C. The calculations yield,
among other results, the distribution of vapor partial pressures across the construction section,
rendered below with a pseudo-color scale to represent the difference in vapor pressure between the
saturation level and the partial pressure at each point.
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Areas with a negative pressure differential may be prone to moisture condensation. The boundaries of
this area are delineated by the isoline for Ap = 0. As the rendering shows, the condensation potential of
detail C is limited to a thin layer just under the water-proofing membrane. A linear (one dimensional)
calculation of the condensation quantities according to the European standard EN ISO 13788 yields a
value of 2.3 g/m2. Since moisture developing in January can be expected to vaporize by March, this
construction detail should pose any serious condensation problems.

The results provided here apply to the climate conditions of Irvine, California, and suggest that the
roof construction design could forego including a vapor retarder under the insulation layer. By
contrast, calculations done for the same construction assembly assuming the significantly colder
winter climate of Vienna lead to the conclusion that a vapor retarder layer is imperative.
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As the basis for dimensioning the heating and cooling system, dynamic heating and cooling load
calculations were performed using the program package GEBA to simulate the diurnal thermal
behavior of the building. The calculations were also used to investigate the performance of different
design variants with respect to the glazed facades to the north and south.

Heating load calculation:

Time-dependent heating loads were calculated for January 15, assuming an overcast day during an
extended cold spell. The applied diurnal curve for ambient air temperature was calibrated to a mean
temperature of 9.0 °C. Analysis of climate data for Irvine shows that such conditions occur there on
average 47 days in 100 years, i.e. approximately once every two years.

The operative indoor temperature is not allowed to sink below 20 °C in calculating diurnal heating
load curves.

Note:  The competition rules prescribe an indoor temperature range of app. 22-24 °C for October. However, we consider
it to be neither meaningful nor environmentally friendly to maintain 22 °C on the coldest winter days.

The facade design variants that were investigated are summarized by case number in the table below.

Case variants:

No. | Description

0 insulating double-glazed north and south facades (U=1.1 W/m2mK; g=0.61);
no shading

1 insulating triple-glazed north facade (U=0.7 W/m2K; g=0.45),
insulating double-glazed south facade (U=1.1 W/m2mK; g=0.61);
no shading

2 insulating triple-glazed north and south facades (U=0.7 W/m2K; g=0.45);
no shading

3 glazing like case 1;
south facade fully shaded

4 insulating triple-glazed north facade (U=0.7 W/m2K; g=0.45),
insulating + heat-absorbing double-glazed south facade (U=1.1 W/m2mK; g=0.43);
no shading
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The following graph shows diurnal curves of the net heating power demands calculated for the design
case variants.
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In all the cases, peak heating load peak remains below 1.0 kW. A heating system designed to handle
peak loads of 1.0 kW would therefore be sufficient.

Note:

The slight waviness of the lines plotted in the figure above are characteristic of the frequency-domain calculation
model and have no physical significance.

The heating load peak value and heating energy demand for each of the design cases on the calculated
day is listed in the following table:

No. | Heating load [W] Diurnal heating energy demand [Wh]
0 954 8568 (100%)
1 827 7896 (87%)
2 900 7776 (94%)
3 910 9432 (95%)
4 974 10824 (113%)
Project Summary Energy Analysis Results and Discussion
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These values show that the use of insulating triple glazing does not result in significant energy savings
for the winter climate of Irvine and is thus not necessary. Though the heating load results for the case
with heat-absorbing (or tinted) glass are higher, the difference is not so substantial that the use of this
type of glass to protect against solar gains and glare should be ruled out entirely.

Cooling load calculation:

Time-dependent cooling loads were calculated for August 15, assuming a sunny day during an
extended heat wave. The applied diurnal curve for ambient air temperature was calibrated to a mean
temperature of 28.0 °C. Analysis of climate data for Irvine shows that such conditions occur there on
average 61 days in 100 years, i.e. a little more than once every two years. The operative indoor
temperature is not allowed to rise above 26 °C in calculating diurnal curves for the sensible cooling
load.

Note:  The competition rules prescribe an indoor temperature range of app. 22-24 °C for October. However, we consider
it to be neither meaningful nor environmentally friendly to cool a home down to 24 °C on the hottest summer days.

Shading both the south and the north facades throughout the day in question proves to be an essential
measure to avoid excess solar gains. Hereby a shading system was assumed that transmits 10% of
direct beam radiation and 40% of diffuse solar radiation, thus allowing for natural daylighting in the
interior space. The applied properties translate into shading factors of z = 0.25 for the south fagade
and z = 0.38 for the north fagade. Diurnal curves of the (negative) sensible cooling load are plotted
below for each of the design cases.
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The cooling load results remain below 2.0 kW for all the cases; a cooling system designed to provide
2.0 kW peak cooling power would thus be sufficient.

Note:  The slight waviness of the lines plotted in the figure above are characteristic of the frequency-domain calculation
model and have no physical significance.

The cooling load peak value and cooling energy demand for each of the design cases on the calculated
day is listed in the following table:

No. | Cooling load [W] Diurnal cooling energy demand [Wh]
0 1958 21888 (100%)

1 1734 19944 (91%)

2 | 1447 17664 (81%)

4 1424 17112 (78%)

Apparently the installation of insulating triple glazing affords a significant reduction in cooling loads.
A comparison between design cases 2 and 4, however, that using heat-absorbing (or tinted) double
glazing in the south facade saves even more cooling energy demand. The g-value of the glazing clearly
has a greater impact on the cooling loads than the U-value.

The conclusion drawn from the cooling load calculations is therefore to recommend use of heat-
absorbing double glazing (g-value app. 0.4) in the south facade construction.

Validation calculations for the month of October confirm that the recommended design values for the
heating and cooling loads are more than sufficient to maintain operative indoor temperatures between
22 °C and 24 °C. It can also be concluded the shading devices planned for the south and north facades
will need to be used all day for much of the year to avoid overheating above 24 °C, even on cool
October days, and that the house will need to be heated during the night on such cool days to keep the
temperatures indoors at or above 22 °C.

Depending on the latitude, the angle of the sun plays a major role for the design of a building. Roof
overhangs and shading devices have to be conceived and dimensioned in a way that wanted solar gains
are maximized during winter and unwanted solar gains are kept at a minimum in summer. If
successful, the building will require less heating and cooling also resulting in needing less energy
produced by active solar systems (photovoltaic). This also means less area has to be dedicated to a
photovoltaic system on the building’s envelope and more area can be used for window openings
allowing for passive solar gains and natural lighting, resulting in less power for artificial lighting
during off-peak times, especially in winter.
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Inclination of sun in winter and in summer in Vienna, Austria

Inclination of sun in winter and in summer in Irvine, California

Impact of Reconfiguration Features

A key design feature of the LISI house is the ease with which its spaces can be reconfigured, especially
to extend the central living area by completely opening the glazed north and south facades to include
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the patios. Of course, this open configuration is only an option at the expense of substantial increases
in heating and cooling loads, if the prescribed indoor temperature conditions are to be maintained.

In order to determine how many hours per year the house could be kept fully open without raising the
energy demand, its thermal behavior was simulated under free-running conditions (no heating or
cooling) with the program package TRNSYS.

The simulation was run for two design configurations. The first one, schematically illustrated below,
assumes the absence of patio shading devices and screens.

The second design configuration takes the shading characteristics of the surrounding screen facade
into account and assumes full-day use of awnings to shade the glazed fronts of the central living area,
as illustrated below.

Regarding air flow between interior and exterior, the glass facades are modeled to remain open every
day from 8 a.m. to 10 p.m. and closed overnight, during which air exchange rates are reduced to levels
required for hygienic air quality.
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The thermal behavior of these two configurations was simulated to obtain operative temperatures in
the central living area over the course of a year.
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If we define the comfort zone for air temperature as a range between 20 °C and 26 °C, we can see that
opening the facades on a daily basis without any tempering (heating or cooling) still provides the
requisite comfort indoors on many days of the year. This can be taken as a good approximation for the
range of days that keeping the glazed facades open from 8 a.m. to 7 p.m. would not negatively impact
heating or cooling energy demands.
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A statistical analysis of the simulation results affords deeper insight. To this end, the number of hours
between 8 a.m. and 7 p.m. during which the indoor temperatures remain within the comfortable range
of 20-26 °C were tallied and summarized in the following table:

Month Max. possible [h] Comfortable time [h]
1 372 68 18.3%
2 336 70 20.8 %
3 372 214 57.5%
4 360 144 40.0 %
5 372 292 78.5 %
6 360 351 97.5 %
7 372 326 87.6 %
8 372 332 89.2 %
9 360 303 84.2 %
10 372 315 84.7 %
11 360 200 55.6 %
12 372 117 31.5%
Year 4380 2732 62.4 %

The results show that, assuming effective use of the shading devices -- fully opening the house’s glazed
facades is possible on most days during summer and fall without significantly increasing energy
demands. Opening the house during the winter would lead to it cooling below the comfort range on
several days. Nonetheless, even in January, the house can remain open for 18% of the hours between 8
a.m. and 7 p.m. without inacceptable rises in the heating energy demand.

The design concept value of this building reconfiguration option can thus be considered verified by the
simulation results for the climate conditions of Irvine.
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Grid-Connected System: Main results

Project : LISI Original_IRV

Simulation variant : Lisi_original

Main system parameters System type Grid-Connected

PV Field Orientation tit  10° azimuth 0°

PV modules Model KPV PE NEC 240Wp Pnom 240 Wp

PV modules Model RNG-250P Pnom 250 Wp

PV Array Nb. of modules 35 Pnom total 8.62 kWp

Inverter Model |G Plus V 3.0-1-240 Pnom 3000 W ac

Inverter Model SE5000A-US 208V Pnom 5.00 kW ac

Inverter pack Nb. of units 2.0 Pnom total 8.00 kW ac

User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy

Performance Ratio PR

13254 kWh/year
824 %

Specific prod.

1538 KWh/kWp/year

Normalized productions (per installed kWp): Nominal power 8.62 kWp
8

7—.

T T T T T T T T

Lc : Collection Loss (PV-array losses) 0.74 KWh/kWp/day
Ls - System Loss (inverter, ) 0.16 KWh/kWp/day

YT Produced useful energy (inverter output) 4.21 kWh/kWp/day 4

Performance Ratio PR

Il PR Pefformance Ratio (Yf/ Yr) | 0.824

o
T

ergy [KWhikWp
=
T

Lisi_original
Balances and main results

GlobHor TAmb Globlnc GlobEff EArray E_Grid EffArrR EffSysR
kWh/m*> °C KWh/m? KWh/m? KWh KWh % %
January 845 13.48 100.1 96.0 758 730 13.19 12.69
February 933 14.07 105.5 1014 797 766 13.16 12.66
March 1435 15.13 155.8 150.8 1168 1125 13.06 12.58
April 182.5 16.36 191.0 185.3 1416 1369 12.92 12.48
May 193.4 18.10 195.8 190.3 1441 1388 12.82 12.35
June 1979 19.43 197.8 192.3 1430 1376 12.59 12.12
July 2079 20.95 2091 203.3 1517 1463 12.64 12.19
August 197.8 2173 204.4 199.0 1466 1413 12.49 12.04
September 1541 2113 164.8 159.8 1199 1157 12.66 12.22
October 119.7 18.88 133.9 129.4 992 955 12.90 12.42
November 939 15.97 112 106.8 835 804 13.08 12.60
December 803 13.63 97.8 93.4 737 708 13.13 12.61
Year 1748.8 17.42 18671 1807.7 13756 13254 12.83 12.36
Legends GlobHor Horizontal global irradiation EArray Effective energy at the output of the array
TAmb Ambient Temperature E_Grid Energy injected into grid
Globlnc Global incident in coll. plane EffArrR Effic. Eout array / rough area
GlobEff Effective Global, corr. for IAM and shadings EffSysR Effic. Eout system / rough area
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Project :

Simulation variant :

Grid-Connected System: Main results

LISI Original_VIE

Lisi_original

Main system parameters
PV Field Orientation

PV modules

PV modules

PV Array

Inverter

Inverter

Inverter pack

User's needs

System type

tilt

Model

Model

Nb. of modules
Model

Model

Nb. of units
Unlimited load (grid)

Grid-Connected

10° azimuth 0°

KPV PE NEC 240Wp Pnom 240 Wp
RNG-250P Pnom 250 Wp

35 Pnom total 8.62 kWp
IG Plus V 3.0-1-240 Pnom 3000 W ac
SE5000A-US 208V Pnom 5.00 kW ac
2.0 Pnom total 8.00 kW ac

Main simulation results
System Production

Produced Energy
Performance Ratio PR

8678 kWh/year
83.0 %

Specific prod.

1007 kWh/kWp/year

Normalized productions (per installed KWp): Nominal power 8.62 kWp
7

T T T T T T T T

Lc : Collection Loss (PV-array losses) 0.44 KWhikWp/day
Ls - System Loss (inverter. . 0.13 KWh/kWp/day
¥f - Produced useful energy (inverter output) 2.76 kWh/kWp/day

0

Performance Ratio PR

6l

Normalized Energy [KWhikWp/day]

Lisi_original
Balances and main results

Il PR - Pefformance Ratio [Yf/vr) 0.830"

GlobHor TAmb Globlnc GlobEff EArray E_Grid EffArrR EffSysR
kWh/m? °C KWh/m? KWh/m* kWh kWh % %
January 26.4 0.76 329 31.0 259 239 13.67 12.64
February 443 2.92 51.8 493 412 389 13.83 13.08
March 83.5 6.39 93.6 89.6 736 703 13.69 13.07
April 120.7 11.67 127.9 1228 974 935 13.26 12.73
May 163.8 17.16 168.7 162.3 1245 1197 12.86 12.36
June 167.2 19.90 169.8 163.6 1245 1196 12.77 12.27
July 168.7 2112 172.9 166.7 1257 1207 12.66 12.16
August 147.0 21.60 154.4 148.5 1122 1078 12.66 12.16
September 98.6 16.32 108.8 104.3 816 782 13.08 12.52
QOctober 62.7 11.85 72.5 69.1 553 525 13.27 12.60
November 289 6.38 345 326 267 247 13.49 12.47
December 202 1.39 253 237 198 179 13.58 12.32
Year 1132.0 11.49 12131 1163.4 9083 8678 13.04 12.46
Legends GlobHor Horizontal global irradiation EArray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Energy injected into grid
GlobInc Global incident in coll. plane EffArTR Effic. Eout array / rough area
GlobEff Effective Global, corr. for IAM and shadings EffSysR Effic. Eout system / rough area
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The design concept LISI shows a high level of complexity. Various passive as well as active
technologies are combined in order to ensure a good performance in terms of energy efficiency and
indoor comfort. In order to evaluate and further optimize this concept, dynamic thermal simulations
considering the building, the HVAC system and controls were carried out.

The main model consists of sub-models describing the environment, the building and the HVAC
system including controls. All models were developed in the simulation environment TRNSYS 17.1.
Table gives an overview of the main simulation parameters.

Parameter Value

Simulation software TRNSYS 17.1

Time step of simulation 3/60 hrs

Weather data HSKD data, hourly [1]
Simulation time OCT 1%-31% or entire year

The environment was modeled with TRNSYS standard components for weather modeling. Based on
hourly weather data for the ambient temperature and humidity, the direct and diffuse radiation and
others (Wind, ground temperature,...) the psychometric properties of the air and the radiation on all
relevant (tilted) surfaces was calculated with TRNSYS standard components.

The weather data for Irvine, CA for 3 different types (standard, bleak, extreme hot) was calculated with
the method “semi-synthetic climate data”, which is explained in Appendix C — Simulation References.

LISI was modeled as a multi-zone building with an uncomplicated building geometry. Characteristic
values for wall elements and windows were obtained from LISI’s material data sheets and
manufacturer information. In this sense, it was a relatively straight forward building to simulate,
however, there is no existing model for LISI’s underfloor system. Therefore this part of the building
was approximated with a simple physical model.

The HVAC system consists of a heat pump providing heating and cooling energy which enables
heating, cooling and dehumidification utilizing an air handling unit (AHU) and the thermally activated
ClimaLevel floor as described in the chapter “Active Energy Systems”.

Project Summary Energy Analysis Results and Discussion
U.S. D.O.E. Solar Decathlon 20113 Page - 59



The following table gives an overview of the main parameters used in the model.

Component Parameter Value Unit
Ventilation Fans (IN/OUT) Flow rate 180 m3/h (each)
Electricity consumption 10 W (each)
Pump to Cooling Coil Flow rate 450 kg/h
Electricity consumption 20 w
Pump to ClimaLevel floor Flow rate 1350 kg/h
Electricity consumption 30 w
Heat pump
Heating capacity 6,3 kw
Electricity consumption (Heat) 1,9 kw
Cooling capacity 6,6 kw
Electricity consumption (Cool) 1,18 kw

Sorption wheel

Sensible efficiency 0,8 -
Latent efficiency 0,8 -
Infiltration/ Free ventilation Doors closed 0,25 ACH
Doors open 20 ACH
Setpoints Heating (SD) 21,7 °C
Cooling (SD) 24,4 °C
Heating (Standard) 20,0 °C
Cooling (Standard) 27,0 °C
Max. absolute humidity 10 g/kg

The focus of the entire design process was twofold. The main focus was to design a building and a
system that shows good performance during the competition of the Solar Decathlon. Furthermore the
team aimed to design a building that offers a show case of innovative, modern living under ‘real life
conditions’ not only in the climate of Irvine, but also in Vienna, the capital of Austria. This main
approach of course also had to be reflected in the defined scenarios for the performance analysis based
on dynamic thermal simulations. The chosen naming indicates whether a scenario is related to the
Solar Decathlon competition (SD) or a standard operation throughout an entire year (Standard). The
setup includes all boundary information regarding e.g. user profiles, set points (See also table above).
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To investigate the robustness of the design concept in relation to the weather and climatic conditions
three different weather data sets were used for the location of Irvine: Standard, bleak (reduced solar
radiation), extreme (extreme temperatures). The weather data was derived as described in the
previous chapter. Start and end time define the simulation time frame.

Scenario Location Setup Start time End time
SD Irvine, standard SD Oct, 1 Oct, 31°

SD, bleak Irvine, bleak SD Oct, 1% Oct, 31%
SD, extreme Irvine, extreme SD Oct, 1% Oct, 31°
IRV Irvine Standard Jan, 1st Dec, 31%

VIE Vienna Standard Jan, 1st Dec, 31%

One of the purposes of the simulations was the evaluation and the further optimization of the planned
control strategies.

The basic concept employs the thermally activated ClimaLevel floor as the main component for
sensible conditioning. This component not only cools and heats the floor structure, but also acts as a
heat exchanger for the air pumped through. Since condensation is a critical issue in such a
configuration, a cooling coil is used in order to de-humidify the air when needed. This of course offers
further direct and fast reacting cooling/heating capabilities to the system.

Utilizing the developed simulation models it was possible to show that the floor cooling/heating is not
perfectly suitable as a standalone conditioning device due it”s thermal inertia and slow reaction time.
Additional it is partly necessary to employ the air coil as a fast reacting system to support the floor also
in sensible heating and cooling.

Furthermore simulations showed a huge potential for free ventilation to decrease the cooling load
which has to be met be the HVAC system. A basic control strategy was developed, where the cooling
load was reduced by opening the doors and can be described as follows:

CS_DOOR_OPEN = CS_ROOM_COOL & (Tamb + 1 K < Troom)

With:
CS_DOOR_OPEN Doors open
CS_ROOM_COOL Cooling demand in the room
Tamb Ambient temperature
Troom Room temperature
& Logical ‘AND’
Project Summary Energy Analysis Results and Discussion
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A comparison of the performance of the building and the system with and without the new free

ventilation strategy based on simulation showed a saving potential of approx. 35 % for the case of the
location Irvine in October.

Energy performance - Solar Decathlon Setup

Electricity: Demand and generation
(Solar Decathlon - October)
LUO00  eme oo - 1.000

900 - - 900

800 - - 800

700 - 700

600 - W HVAC

®mEQU

B LIGHTS
m DHW
@ PV

- 600

500 - - 500

400 -

Demand (kwh)
Generation (kwh)

- 400

300 - - 300

200 - 200

100 - - 100

SD SD, bleak SD, extreme

Results Solar Decathlon Setup

The figure shows a comparison of the 3 SD scenarios as defined above. It can be seen that the
electricity consumption is mainly caused by the HVAC system, followed by the consumptions caused
by appliances. In the two scenarios ‘SD’ and ‘SD, extreme’ the electricity production of the PV system is
clearly higher than the overall consumption of the building, so it can be expected to be a Plus-energy
building. Only in scenario ‘SD, bleak’ the demand and production are nearly equal, since the gains of
the PV array dropped while the HVAC electricity consumption increased.
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Energy performance - Standard operation Setup / Irvine

Electricity: Demand and generation
(Irvine - entire year)
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Results Irvine

In the figure above the electricity demand and the PV production are compared on a monthly basis. It
can be clearly seen that in every month the production lies above the consumption. The expected
yearly demand of 5.468 kWh is approx. 44 % of the total production of 12.475 kWh.

NOTE: Comparing the values for HVAC consumption given in Fehler! Verweisquelle konnte
nicht gefunden werden. (Solar Decathlon Setup) and Fehler! Verweisquelle konnte nicht
gefunden werden. (Standard Setup) shows, beside other minor effects, clearly the impact of the
required temperature set points of 21,7 / 24,4 °C (SD) and 20 / 27 °C (Standard).
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Energy performance - Standard operation Setup / Vienna

Electricity: Demand and generation
(Vienna - entire year)
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Results Vienna

A comparison of to the building’s performance at the location of Irvine and Vienna shows a shift to
lower sensible and latent cooling but higher heating demand during the year. This is mainly caused by
lower temperatures as well as less humidity during summer. In combination with less solar radiation
especially in the winter months this leads to a mismatch of demand and production during 4 months
in winter: JAN, FEB, NOV, DEC. The overall yearly performance of the building is still ‘Plus Energy’.

The demand of 5.722 kWh is in the same range as in Irvine, the production of 8.104 kWh is lower than
in California, but still above the consumption.
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As results of the TRNSYS simulation, the amount of electrical energy required for the operation of air
conditioning, for lighting and appliances and for hot water supply are reported.

The separation in terms of heating and cooling demand is not possible. In order to achieve common
parameters, the energy expenditure for the half year from October to March is simplistic classified as
heating energy, and from April to September as cooling energy. This setting is adopted for Irvine as

well as for Vienna.

Note:

Modifying the length of the heating season has only small effects on the result.

Exterior climate: long-term values (semi-synthetic climate data, HSKD)

Set temperatures: 20 °C / 27 °C

Reference surface: GBF = 85 m2

1. Irvine
Heating energy demand 2.7 | kWhm?sq¢
Cooling demand 8.4 | kWhm?sqe
Hot water 8.5 | kWhm™ s
Lighting and appliances 22.3 | kWhm?gg¢
TOTAL 39 | kWhm?;s;
Total annual energy demand (electrical) 5468 | kWh 100 %
Energy per year (PV) | 13254 | kWh 242 %
2. Vienna
Heating energy demand 9.7 | kWhm?sqr
Cooling demand 5.6 | kWhm?zq:
Hot water 9.2 | kKWhm™ e
Lighting and appliances 22.3 | kWhm?sgr
TOTAL | 413 | kWhm?gg
Total annual energy demand (electrical) 5722 | kWh 100 %
Energy per year (PV) 8678 | kWh 151 %

Project Summary
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In order to get a feeling how efficient LISI is as a building, the obtained values were compared to
typical California residential energy consumptions.

These reference values can be downloaded from the U.S. Energy Information Administration:
Independent Statistics & Analysis. http://www.eia.gov/consumption/residential/

Normalized to annual values per m2 footage, these values yield the following results:

Heating energy demand | 33.36 kWhm™56
Cooling demand 8.5 | kWhm?;ssr

Hot water | 30.89 | kWhm?zq:

Lighting and appliances | 54.36 | kWhm?z5
TOTAL | 123.55 | kWhm?5g

The cooling demand in the statistics of the reference buildings is a very low value, due to the fact that
42 % of all Californian households do not use air conditioning. The value given in the table above only
considers building with air conditioning for easier comparison.

Simulation data suggests that the cooling demand for LISI will be close to the Californian Average,
whereas the heating demand is less than ten times smaller. Varying climate zones throughout
California make a comparison between these values difficult though.

LIST’s hot water demand is significantly smaller than in an average Californian household. LIST’s value
is low because of two reasons: first, a heat pump is used for making hot water using roughly only a
third of the energy supplied to the water. Second, LISI’s shower tray recovers heat from the drain
water. This way up to 32 % of energy used for showering can be recovered.

Lighting and appliances also show a significant difference between LISI and an average Californian
household. LIST’s electricity demand apart from engineering systems was simulated using the Solar
Decathlon user behavior with several hours of lighting and home entertainment each day. Highly
efficient appliances and LED lighting drastically reduce LISI’s consumer electricity demand in
comparison to the average Californian household.

Comparing the share of the individual consumers in a household, some differences can be found. The
share of cooling and heating is almost opposite. Appliances and lighting make half of the energy
consumption in LISI, while only 44 % in the average Californian household. The share of domestic hot
water heating in LISI could be reduced to 15 %, while in the average Californian household a quarter of
the energy is required for hot water heating.
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Air
conditioni
ng

0,

LISTI’s energy consumption mix Average Californian household mix

Overall, the simulation data suggests that LISI’s energy demand is much lower than what an average
Californian household consumes. Normalized to the living area, LISI only consumes 32 % of the
energy which is required to power an average Californian house. Even though there are some
uncertainties regarding the different climate zones within California, this is a significant and
important improvement.
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The heat recovering Joulia shower uses a heat exchanger underneath the shower tray to recover heat
from the draining water. This can be realized in several operation modes and we wanted to look at the
actual energetic benefits of these different operation modes in comparison to a hot water system
without the Joulia shower.

Below, the operation modes recommended by the manufacturer are visualized.

Ubersicht Betriebsarten Joulia jOUL‘iQ
Schema A Schema B Schema B’
. ' Ir '

25°C 22°C

hwasser fliesst

Das kalte Frischwasser fliesst Das gesamte Duschwasser fliesst

scher

t es einerseits
batterie,

seits auch zum Boiler.

Durchlauferhitzer auf
Duschtemperatur gebracht

Ideal bei zentraler Warmwasser 3 ”

aufbereitung. Wirkungsgrad von Héchste Effizienz, Durchlauf Héchste Effizienz, ideal wenn

Boilertemperatur abhangig. erhitzer muss weniger nachheizen Boiler nahe der Dusche ist

35°C 35°C 22°C 35°C
v

Ao e e
Duschwanne Joulia 20°C Duschwanne Joulia 20°C Duschwanne Joulia 20°C
10°C 10°C 10°C

Operation modes recommended by the manufacturer

Since LISI is utilizing an air-source heat pump for domestic hot water generation, the differences
between case A and B and a comparison to a reference system were simulated in TRNSYS. The
simulation was tailored to LISI’s hot water system characteristics (tank size, short distance between
heat pump and Joulia shower tray, ...) and also considers heating up the tank to different set point
temperatures.
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The flow rate of the draining water (flow rate of shower fixture) heavily influences the overall heat
transfer rate of the Joulia shower. Therefore a flow rate of 6 L/min was assumed, which is the flow rate
necessary for the Solar Decathlon hot water tasks and also represents a water saving shower fixture.

Heat pump/ no Joulia

Heat pump/ Joulia — A

Heat pump/ Joulia — B

45°C/113°F | 60°C/140°F

45°C/113°F | 60°C/140°F

45°C/113°F | 60°C/140°F

Irvine kWh/a 526 574 410 561 378 545
Vienna | kWh/a 974 1015 753 927 668 886
Irvine % 100 109 78 107 72 104
Vienna | % 100 104 77 95 69 91

The heat-pump reference scenario with heating to a temperature set point of 113 °F was taken as a base
case. Interestingly, all Irvine cases with Joulia shower and 140 °F set point are still more energy

intensive than the base scenario.

The overall energy consumption for hot water is higher in Vienna. This is due to lower outside
temperatures in winter (less energy content in air, worse heat pump COP) and also lower water mains

temperatures in Vienna throughout the year.

Mode B/113 °F is the most efficient use of the Joulia shower tray utilizing all recovered energy by
feeding the warm water, which cannot be mixed back in the shower stream to the heat pump and
therefore adding energy to the tank and improving the COP of the heat pump.

Given the simulation results, in LISI, we realized mode B and we are going to heat the tank to a set
point of 113 °F.
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LISI - THE HOUSE TEAM AUSTRIA

10 Ecological Considerations

Introduction

The assessment of building components usually considers criteria such as insulation effect, absence of
thermal bridges and, on the part of consumers, costs for the selection of materials. Constructions with
sufficient insulation and no thermal bridges can be achieved with various materials, if building physics
are considered and implementation is done carefully. Ecological assessment of different building
materials, however, yields varying results.

A comprehensive ecological assessment requires consideration of the whole life cycle, from production
of raw materials to usage phase to final recycling or disposal of building materials as can be seen in the
figure below.

LIFE CYCLE THINKING - LISI @ @
%

Prefabrication of modules
Reduction of transport ways by Resource efficient dimensions

use of regional materials Resource efficient manufacturing
Processing Reduction of waste
Compound of building materials for single-variety removal
@y £ Integration of different trades
Decrease of sealing
Minimised production processes

Avoidance of toxics
Decrease of production energy

Maximum use of renewable resources
Minimum use of fossile resources
Use of waste material

\'
® & o

Compostable building materials

Production of tilisation Phase
building materials
Thermal utilisation of material

Use of renewable energy
Exact energy controlling
Removal
- Waste disposal
Minimalisation of waste disposal ] .
-'.“ é% .0 @
o &)

Flexibility of room lay-out
Easy replacement of building components

|

User sensitisation

Healthy environment
Semi-public spaces

Removal of modules/building layers/materials

Recycling of building modules Single-variety removal

Recycling of materials after single-variety removal Avoidance of toxics

Adaptability to user demand changes
Life Cycle Thinking LISI, GrAT
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Building materials have impact on various parts of environment and health to a variable extent. To
cover as many of these effects as possible, comprehensive data collection is necessary. The
considerations applied in the case of LISI comprise the whole life cycle. Data from production and use
as well as deconstruction, recycling and disposal (composting, reutilization, landfilling) of materials
were collected. The aspects of deconstruction, recycling and disposal were particularly focused due to a
massive increase of building waste in Austria in the last years. Although that, according to the
»Bundesabfall-Wirtschaftsplan 2011” by the Ministry of Life, the total amount of waste decreased by
500.000 t to 53.543.000 t, waste from the building sector accounts for 12.7 % of total waste in Austria
(6.870.000 t). A prognosis for 2016 foresees an increase to 7.395.000 t. This development can also be

seen worldwide.
UPSTREAM
PROCESSES
(MANUFACTURING) :>
DISPOSAL

(COMPOSTING, <:, <::| DECONSTRUCTION

REUTILIZATION,
KLANDFILLING) /

System boundaries of ecological analysis, GrAT

-

PRODUCTION OF
RAW MATERIALS

LIST’s ecological aspects are considered in the subsequent chapters. The detailed analysis of
constructions relates to 1 m2 of the respective construction.

Data for ecological analysis were collected from producers’ technical specifications, supplemented by
values from literature, databases and expert interviews.

The collected data were the basis for evaluation of energy and resource consumption, useful life and
other ways of utilization and disposal of the materials. A special focus — in addition to the total concept
— was on deconstructibility of constructions and on separability of building materials.
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One of the goals for LISI was, apart from a functioning overall system, to develop a building with a
modest ecological footprint, not only for use, but for the whole life cycle. The selection of building
materials plays a very important role in this pursuit. By using building materials made from renewable
resources as much as possible and by using a minimum of fossil or mineral materials, a building with a
very low PEI and beneficial CO. balance can be constructed. Some influental factors in reaching this
goal are LCA (Life Cycle Assessment) data of the materials or certificates such as PEFC which serve as
proof for sustainable, regional products. They are presented in detail in what follows.
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The aspect of regional renewable resources is an additional influental factor in planning the
constructions and choosing materials. “Regional renewable resources” in the context of LISI refers to
the production of building materials from renewable resources which can be grown in Austria or in a
close cross-boarder region. More specifically, it refers to agricultural and silvicultural raw materials of
plant origin, thus excluding mineral raw materials or materials based on fossil oil.

Materials from regional renewable resources save finite resources and are the foundation of realizing a
circular economy. An additional advantage are the short transport routes. Compared to most
conventional building materials, a considerable amount of energy for transport can be saved, with
positive effect on the climate. For this reason, LISI put great emphasis on choosing products of
certified regional building materials.

All wooden materials used for LISI have a PEFC certificate (Programme for the Endorsement of Forest
Certification Schemes) or a FSC certificate (Forest Stewardship Council). They were issued based on
positive results of on-site inspections and a sustainability report by a panel of experts containing
defined criteria and indicators. The certificates prove that the used wood comes from sustainable
forestry.

Some of the selected products, such as KVH wood, GUTEX fibreboards or OSB boards, have additional
ecological certificates such as EPD (Environmental Product Declaration), the blue angel, IBR (Institut
fiir Baubiologie Rosenheim) or natureplus which contain several environmental data for the product’s
life cycle from production to disposal.

An overview of the certificates for the used building materials can be found in the tables on the
previous pages.

Assessment of building materials usually is done step by step: the indicators contain values from the
processing phases in terms of material, transport and energy input as well as emissions in terms of air,
soil, water and waste up to a certain time or condition of the materials. In the case of LISI, materials
were analysed up to the time of “product ex factory”, i.e. only for production. The subsequent steps of
use, recycling and disposal don’t yield reliable results because they are highly dependent on the mode
of construction and place of distribution and application.

The Global Warming Potential is the effect of a substance on the so-called greenhouse effect. The most
important greenhouse gas is carbon dioxide, therefore the GWP is given as CO. equivalent in kg.

The Acidification Potential describes the emissions which, in combination with water, act as acidifiers
and contribute to acidification of soil, waters and damage of buildings. Nitric oxide (NOx) and sulfur
dioxide (SO.) are the main factors in this process.
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LISI - THE HOUSE i TEAM AUSTRIA

PEIl (Primary Energy Input)

The Primary Energy Input contains all energetic input needed for manufacturing a product or
delivering a service. It can be divided into non-renewable and renewable resources.

The calculated equivalent numbers for the ecological indicators (GWP, AP and PEI) always relate to 1
m2 of the respective construction. Due to the maximum use of building materials from local renewable
resources the PEI for LISI s constructions could be kept relatively low, but even better is the CO,
balance of the building. In contrast to conventional constructions for which huge amounts of CO. are
released for the production of the building materials, 70-122 kg CO2 are stored in 1 m2 of the
respective construction due to the ecological material choice.

The goal of a modest footprint for LISI is therefore more than fulfilled.

Processing

Because of maximum use of materials made from regional renewable resources (see section on
production), emissions are reduced, in contrast to conventional materials, even before the
manufacturing of building components by reduced transport routes. The manufacturing of the
modules is accomplished involving different trades in a factory workshop. This allows the components
to be produced without influence of weather and on time.

All parties are involved in the production processes from the start through integral planning. This
leads to a goal-oriented mode of operation and to efficient processing, reducing waste from clippings
to a minimum. The recycling of waste during production (packaging materials etc.) was done on-site
by separated storage, they were re-used, if possible, for another purpose and finally disposed of in the
adjacent recycling depot according to waste management regulations.

Another advantage of integral planning, in addition to efficient mode of operation and optimal
dimensioning of the modules, is to plan the transport of the finished modules. Pre-defined dimensions
allow an optimal utilization of transport, considering common logistics and cargo conditions. This
reduces energy and emissions from transport to a minimum.

Manufacturing and transportation of the prefabricated modules
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The constructions of the modules which are shown in the tables Fehler! Verweisquelle konnte
nicht gefunden werden. to Fehler! Verweisquelle konnte nicht gefunden werden. are an
optimal starting point for the use phase of the building due to their technical properties. In
combination with the developed energy supply system based on renewable energies they fulfill the
demands of operating the building during the Solar Decathlon as well as after the competition.

The concept of LISI offers not only advantages in terms of energy, but through its choice of ecological
building materials with natural surfaces also a healthy living environment with a natural indoor
climate for users.

Changing user demands have been considerd from the start of the planning process. The mobile semi-
transparent fagcade allows to add or remove semi-public spaces, thus prolonging the useful life of the
building despite of changing user requirements and avoiding the demolition of the building before the
end of the materials’ useful life.

Flexible borders due to a semi-transparent facade between private interior and semi-public exterior

The technical useful life of the building materials is an important aspect of ecological considerations,
because it is a relevant phase in the materials’ life cycle and influences the ecological quality and life
cycle assessment of the building.

The final report ,Erweiterung des OI3-Index um die Nutzungsdauer von Baustoffen und Bauteilen“ by
IBO (Austrian Institute for Healthy and Ecological Building) in 2009 contains a comprehensive list of
reference useful lifetimes of typically installed building materials and components. “Useful life” is
defined in accordance with ISO 15686-1 as the time span between installation and reaching the limit
values for use. Considering a time span of 100 years according to prEN 15804, the maximum useful life
in climates comparable to Austria and with adequate maintenance is 100 years. Extraordinary
circumstances such as water-pipe burst or flood are not taken into account to define the reference
useful lifetimes. The reference useful lifetimes for the used materials are shown in the tables on the
previous pages.
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Regular maintenance of components, especially of wooden parts, can significantly increase the useful
life of materials. The modular concept developed for LISI with it deconstructible constructions even
allows to fully exchange single components, thus prolonging the useful life of the whole building.

For sustainable and efficient use of raw materials, removal should be based on the cascades principle,
thus keeping raw materials and products in a circular economy as long as possible. The utilization
cascade consists of single and multiple substance-based utilization with decreasing added value
(product and materials recycling) and subsequent composting or energetic utilization (thermal
utilization). Disposal of materials should only be considered as the last choice.

The ecological analysis of a construction is dependent on separability, mass and cascade of the used
building materials. The separability and cascades of materials are described in the following.

For the mentioned reasons LISI consists of pre-fabricated modules, which allow the erection of the
building within shortest possible time. Assembly of the individual modules is done with mechanical
fittings, allowing separation of the modules after the end of their useful life.

This was considered from the beginning of planning because LISI is supposed to be re-erected in
Austria after the Solar Decathlon and to be re-used as exhibition space.

The mode of assembly not only influences the connections between modules, but also the separability
and re-utilization of the contained building materials. A simple separation of the construction makes a
separation of the materials possible, which is a necessary step for reutilization or environmentally-
friendly disposal.

Therefore only building materials which don’t have to be glued or welded have been selected for LISI,
with the exception of some components for roof and floor. They can be assembled with mechanical
fastening, allowing single-variety removal. Details on the separability of the materials are shown in the
following tables.
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The first cascade after single-variety removal is, in the ideal case, product recycling of the building
materials, which does not cause a decrease of added value.

The used product can be re-used for the same purpose without additional processing. This is true for
all wooden products in LISI which were fastened mechanically.

Composting is the primary way of recycling and is the next step in the cascade after product recycling.
Only natural materials made of renewable resources, such as pruce, which have not been treated with
PUR-based binders or similar coatings, can be composted.

The second cascade step in substance-based use is material recycling, further divided into “material
recycling — same purpose” and “material recycling — downcycling”. The first category refers to
reutilization for the same purpose after some processing, as can be done for the cellulose insulation of
LISI. The cellulose has to be removed, cleaned and, if necessary, dried before it can be re-used as
insulation material.

For materials of the category downcycling this is not possible, for example the fiber-reinforced cement
screed, which has to be shredded before it can be re-used as fill or aggregate (unless it has been glued
with bituminous sheeting, which was not the case in LISI).

After product or materials recycling, a thermal utilization is possible. This step is further divided into
sthermal utilization — energy generation” and “thermal utilization — waste incineration”. Materials of
the first category are untreated biomass such as wood because its incineration does not cause any

additional CO. emissions. Their incineration is carbon neutral and a good choice for generating heat.

The second category is a necessary step to reach the goals and follow the legal guidelines of waste
management, e.g. concerning the reduction of future landfilling. Incineration has the goal to fully
convert materials into carbon dioxide, water (vapor), sulfur dioxide etc., which is mostly possible for
defined materials.

The thermal utilization of waste can be realized in specific waste incineration plants, which fulfill
highest requirements in terms of destruction efficiency, control of emissions and quality of residues. In
addition, dependent on the kind of material, thermal utilization can also be done in industrial plants.
The energy generated by incineration should be used for example as district heat in communal areas or
instead of fossil energy sources in industry.

Thermal utilization is usually possible for all materials made from renewable resources. This is why
only a minimum of the materials used for LISI have to be disposed of after the useful life.
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Within the cascades principle, the disposal (landfilling) of materials should only be the last choice.
Categories of disposal are defined according to the legal regulation of landfilling “Deponieverordnung
idF BGBL II Nr. 178/2010“ by the Federal Ministry of Agriculture, Forestry, Environment and Water
Management: excavation landfilling (category 1), inert waste landfilling (category 2), landfilling of
non-hazardous waste, consisting of building waste landfilling (category 3a), residual materials
landfilling (category 3b) and bulk waste landfilling (category 3c), as well as landfilling of hazardous
waste (category 4).

The options of substance-based re-utilization or recycling as well as thermal utilization based on the
cascades principle are shown in the cascades tables.

Based on a comprehensive integral planning of all phases of the building, from selection of building

materials and manufacturing to use, recycling and disposal of the used materials, LISI, the house of
Team Austria, represents an energy and resource-efficient overall system for the whole life cycle of a
building.
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HEALTH, COMFORT AND ENVIRONMENTAL FACTORS - Studies have shown that occupants rate
health and comfort as the most important criteria in their perception of a building’s quality. Our house
offers excellent daylight and sufficient sunshine in winter, shading in summer, as well as agreeable
temperatures and high indoor air quality all year round. The design of LISI has been rated according to
the environmental requirements of U.S., European, and Austrian standards for state-of-the-art,
energy-efficient buildings. Additionally, PhD-student Soren Eikemeier has assessed the long-term
environmental and economic impacts of our design solutions by applying LCA and LCCA methods,
already documented in the previous chapter.

Leadership in Energy and Environmental Design (LEED) “to promote the construction and design of
buildings that are environmentally responsible, profitable, and healthy places to live and work.”

The house, planned in an integral team and reaches high standards that are evaluated in the
certification system LEED. The whole planning and construction phase was determined to build up a
house with strictly reachable climate standards, use of local materials and a rapidly build up process.
The LISI house reaches a reduction of costs to compete with social sustainability offering an affordable
home for everyone.

The results of the LEED certification are showing a house with a highly comfort for the user and an
interior and operational system fit to the inhabitant attending a new standard of living. The low
environmental impact, due to a highly developed prefabrication by using local and certified (FSC,
PEFC, environmentally preferable products) materials contribute to a healthy environment for
workers on the site and inhabitants. The carbon impact of the building materials is reduced to a
minimum and has a positive effect on the LCC. Energy production for heating/cooling and daily use in
the household is provided by PV-panels and a sophisticated operative system. Reduce of waste and
water helps to cover the running costs and keeping them low. Innovative processes and running
systems are increasing comfort and design solutions.

LISI - inspired by sustainable innovation reaches an outstanding score in certification, by matching
nearly all of the available points in each category. The reached level is LEED Platinum and shows how
housing can concern about sustainable matters and increase comfort in living.

The German Sustainable Building Council (DGNB — Deutsche Gesellschaft fiir Nachhaltiges Bauen
e.V.) was founded in 2007 by 16 initiators from various subject areas within the construction and real-
estate sectors. The aim was to promote sustainable and economically efficient building even more
strongly in future. The reaction to the founding of the DGNB was extremely positive. By the beginning
of 2008 121 organizations had already joined the DGNB. Today the association has more than 1,100
members throughout the entire world, because we see ourselves as a German and international
knowledge platform. Our vision for 2050: a sustainably built and liveable future. There are more than
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500 experts who support us on a volunteer basis: architects, investors, project developers, scientists,
builders and other specialists from the construction and real-estate sectors.

Sustainability is more than just a word for the DGNB: the council understands sustainability as the
obligation of the whole of society to shoulder responsibility for current problems such as climatic
change and resource depletion instead of merely leaving them for future generations to deal with.

The European DGNB (German Sustainable Building Council, www.dgnb.de) of the second generation
is unique. It is characterized by its holistic view of economy, ecology, and user comfort. Based on a
uniform system, it can be adapted precisely to different uses of the building and to country-specific
requirements. The system is already being used nationally and internationally, and provides the
DGNB-precertification - an optimal planning tool from the beginning.

Whether new construction or modernization of existing properties, whether individual buildings or
entire state quarters - the uniform evaluation system DGNB certification considers throughout all the
essential aspects of sustainable construction and of facility management. This includes the 6 topics
ecology - economy - sociocultural and functional aspects - technology - processes - and location. The
focus of the evaluation is the entire life cycle of a building.

Our competition project LISI achieved the degree gold for the usage profile “New Residential
Buildings”. After its construction on a permanent site, indoor air measurement and blower door test
and (among other things) must be performed in order to obtain the final ans permanent DGNB
certificate.

LISI’s auditors are DI Reinhard Labugger, DI (FH) Michael Labugger, DI Hubert Rinner.

The Austrian Sustainable Building Council (OGNB) was initiated and founded in Austria in January
2009, by a number of renowned and independent institutions in the field of sustainable building. The
structure for the assessment system is designed in close consultation with House of Tomorrow/Plus,
which is the most extensive R&D initiative in the field of sustainable building in Europe.

The OGNB system as an Austrian certification system is based on a points system for every category.
The valuated categories are classified in standards and completion, economic issues and technical
quality, energy and supply, health and comfort and resource efficiency.

The assessment of the LISI house of Team Austria on behalf of the OGNB certification system will
reach a score that matches a Gold certificate.

Especially the prefabrication of the dwelling unit allows a highly flexible placement for the house and
demand by reaching a notable reduction of Life Cycle Costs (LCC). Also the operating of the building
proves, that a highly developed system allows the owner to handle the house easily without special
knowledge. The core of the house is eligible throw the reached score in offering a highly comfortable
house with a low environmental impact, reduce of costs, the flexibility of use and healthy living
situation. The surplus home also helps to take control over the different climate conditions by using
solar design principles and handling the operating costs.
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The LISI house certification with the OGNB speaks for itself with clear design and living solutions that
are reflected in a transparent and visual comprehensive GOLD — score.

OLD

DGNB

SD TEAM AUSTRIA 2013
(TU Wien, FH St.Po6lten, FH Salzburg, AIT)

LISI — Living Inspired by Substainable Innovation
House for the International Competition Solar Decathlon 2013

Internationaler Wettbewerb fur solares, nachhaltiges Bauen
California 2013/10 - U.S. Department of Energy, Washington, DC

Neubau Kleine Wohngeb&aude
Small new residential buildings

wurde 2013 nach DGNB in “Gold” ausgezeichnet
Granted the “gold” award pursuant to DGNB in 2013

Auditor: DI Reinhard LABUGGER
DI Hubert RINNER
Details unter www.ogni.at
for further details see www.ogni.at
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Division 01
01 52 00
0152 16
015219
01 54 00

01 54 00.A1

01 54 00.A2

01 54 00.A3
01 54 00.A4
01 54 00.A5
01 54 00.A6
01 54 00.A7
01 54 00.A8

01 54 00.A9

01 54 00.A10
01 54 23
015423 A1

0154 23.A2
01 56 00
01 56 26.A1
015633 Al
01 58 00
0158 13.A1
016500

016500.A1

016500.A2

General Requirements

Construction Facilities
First Aid Facilities
Sanitary Facilities
Construction Aids

Steel Traverse

Temporary Trucks

Temporary Crane 1
Temporary Crane 2
Temporary Forklift
Lifting Loops and Hooks
Shackle

Lifting Chains

Bolts

Ring Nut
Temporary Scaffolding
Mobile Scaffolding

Temporary Scaffolding
Temporary Barries and Enclosures
Building Site Fence

Temorary Security Barrier

Project Identification

Temporary Project Sighage
Product Delivery Requirements

Packing

Containers

supplied by organiser
supplied by organiser

welded steel profiles framework to lift modules,
rectangular hollow section RHP

200x100x6,3 mm/7.87x3.93x0.2 5in, QHP
200x6,3mm/7.87 and steel plate

200x 50x10mm/ 7.87x1.96x0.39in. All drill holes with a
diameter of 17mm/0.67in, RW MONTAGE

transport of 7 shipping containers to huilding site,
CARGO PARTNER

70t/140000Ibs crane for heavy loads, CRANE RENTAL
15t/300001bs crane for average loads, PALFINGER
for light loads

to lift steel traverse

to lift steel traverse

minimum angle 38° to horizontal surface

to connect traverse and modules temporarily, M16, max.

load 3t/6613Ibs per bolt, WURTH
lifting eye nuts, M16, max. load 700kg/1543Ibs per ring
nut, WURTH

working height 4,26m/13.971t, ZIFA, LAYHER

platform tower, BLITZ, LAYHER

fall protection on roof, LAYHER
to show safety instructions, stake holders, sponsors, logo

materials to protect surfaces while transportation,
DEUFOL

2x40ft Open Top HC, 5x40ft Open Top, CONTAINEX with
CARGO PARTNER

)

7.2/23.

W O RO W~

84/275.59

n/a

sev

pcs
pcs

pes

del

days
days
days
pcs
pcs
m/ft

pcs

pcs

pcs

pcs

m/ft
m/ft

pcs

pcs
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016500.A3
016500.A4

016500.A5

Division 02
Division 03
03 54 00

03 54 00.A1
Division 04
Division 05
050523
050523.A1

050523.A2

050523.A3
051200

0512 00.A1
0512 00.A2
0512 00.A3

0512 00.A4

0512 00.A5

053100

053113.A1

Division 06

060523

Existing Conditions
Concrete

Masonry
Metals

Wood, Plastics and
Composites

Belt Tightener

Wooden Transportation Boxes

Dunnage Air Bag

Cast Underlayment
Cast Underlayment with Embedded
Heating System: 50mm/1,97in

Metal Fasteners

Steel Plate

200%200x 10mm/7.87x7.87x0.39in
Steel Plate

200%200x 15mm/7.87x7.87x0.59in
Steel Plate
24.0x%50%15mm,/9.44x1.96x0.59in
Structural Steel Framing

I-Profil:

200x200x15mm/7.87x7 .87x0.59in
Girder

Stud

Girder Shoe

Girder Shoe

Steel Decking
Checker Plate:
22 0x81x0,5cm/86.61x31.88x0.19in

Wood Fasteners

fixation of modules against each other with belt straps,

WURTH e
to protect building components like glazing, modules sev
protect goods inside containers while transportation, to
fill voids, brace loads, absorb vibrations, BATES CARGO sev
PAK, DEUFOL
cement screed, fiber-reinforced, ADRIA CEMENT 2,23/43,5
head plate welded to I-profiles, with drill holes 3
13mm/0.51in in diameter, LAIMER
head plate welded to I-profiles, with drill holes 5
13mm/0.51in in diameter, LAIMER
socket plate welded to I-profiles for ground anchors, with 1
drill holes 11mm/0.43in in diameter, LAIMER
statically support for attic, welded I-profiles, with drill

28,48/93 44

holes 9mm/0.35in in diameter, HEB 200

SYS 1, steel plate 42x42x1,5cm/16.53x16.53x0.59in, 2

steel plates42x17x1,5/16.53x6.69x0.59in, 4 drill holes 2
with 17mm/0.66in

SYS 2, steel plate 81x32x1,5cm/31.88x12.59x0.59in with

18 drill holes of 11mm/0.43in in diameter, steel plate
29x11x1,5cm/11.41x4.33x0.39in, 2 steel plates 6
18,5x 11x 1, 5cm/7.08x4.33x0.39in with 4 drill holes

17mm/0.66in in diameter

accession plate of ramp, LAIMER 1

pcs

pcs

pcs

m3/ft?

pcs
pcs

pcs

m/ft

pcs

pcs

pcs
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060523.A1

06 0523.A2

060523.A3

060523.A4

060523.A5

06 0523.A6

06 0523.A7

06 0523.A8

L-Profile:
170x140% 140x8mm/ 6.69x5.51x 5. 51x
0.31in

L-Profile:

140x100x 90x8mm/5.51x%3 .93x3.54%0.
31in

Steel Plate
80x80x8mmy3.14x%3.14x0.31in
Special Fastener for Heavy-Load
Connections

Bolts

Nodal Joint for Hinge Connections

Height Adjustment

Glass-Fibre Reinforced Plastic Terrace
Fastening

core fastening, with welded on hollow pipe profile
65mm/2.56in in diameter and 5mm/0.2in thickness,
plate with 9 drill holes 8mm/0.32in in diameter, base
plate with 1 drill hole 17mm/0.67in, LAIMER

attic fastening, with 8 drill holes 9mm/0.35in in
diameter, LAIMER

core fastening, drill hole 17mm/0.67in in diameter,
LAIMER

three-dimensional screwing system, for invisible
screwing in cross-grained wood, IdeFix IF, SIGHA

to connect modules with screwing system ideFix, M16,
max. load 3t/66131bs per bolt, WURTH

to support loads with high static values in four directions,
permits quick and simple joining on site, HobaFix HF,
SIGHA

prevents the direct contact between substructure and
foundation base, easily adjustable from above, JUSTIFIX
JK + JA, SIGHA

for invisible fastening of terraces and facade, DIELENFIX ,
SIGHA

16

80

30

35

sev

40

124

sev

pcs

pcs

pcs

pcs

pcs

pcs

pcs

pcs
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06 0523.A9

061100
06 11 00.A0

0611 00.A1

06 11 00.A2

06 11 00.A3

0611 00.A4

06 11 00.A5

06 11 00.A5.1

06 11 00.A6

06 11 00.A7

06 11 00.A8

Nails and Screws

Wood Framing

Finger-jointed solid construction
timber: 100x100mm;/3.93x3.93in
Finger-jointed solid construction
timber: 120x100mm/4.72x3.93in
Finger-jointed solid construction
timber: 120x60mm/4.72x2 .36in
Finger-jointed solid construction
timber: 140x140mm/5.51x5.51in
Finger-jointed solid construction
timber: 140x100mm;/5.51x3.93in
Finger-jointed solid construction
timber: 140x60mm/5.51x2 .36in
Finger-jointed solid construction
timber: 130x60mm/5.11x2 .36in
Finger-jointed solid construction
timber: 160x140mm;/6.29x5.51in
Finger-jointed solid construction
timber: 160x60mm/6.29x2 .36in
Finger-jointed solid construction
timber: 180x100mm/7.08x3.93in

ribbed nail 4x40mm, hexagonal bolt 8x16mm,
16x340mm, 8x60mm, 8x80mm, 10x100mm, hexagonal
nut M12, M16, long nut 16x24x48mm, flat washer
13mm, assy screws 3x16mm, 3x20mm, 3x2 5mm,
x30mm, 3,5x16mm, 3,520mm, 4x30mm, 3,5x40mm,
AxA0mm, 6x40mm, 3,524 5mm, 4x50mm, 5x50mm,
S5x50mm znni, 5¢55mm, 4x60mm, 5x60mm, 4x70mm,
5x70mm, 5x80mm, 6x80mm, 5x90mm, 6x90mm,
5x100mm, 6x100mm, 5x110mm, 5x120mm, 6x120mm,
8x120mm znni, 6x140mm, 6x160mm, 8x160mm,
6x180mm, 6x200mm, 10x200mm, 6x240mm, 8x240mm,
ex260mm, 8x260mm, 6x280mm, 8x340mm, 10x400mm,
12x200mm, 12x400mm, 8x430mm, screws for window
frames 7,5x132mm, 7,5 152mm, 7, 5¢182 mm, full-thread
screws 6x60mm, 6x80mm, 6x100mm, 6x120mm,
6x140mm, 6x160mm, 6x180mm, 8x180mm, 6x200mm,
8x280mm, 10x280mm, 8x400mm, 10x400mm,
galvanized, WURTH

KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO

KVH, spruce, heat-treated, STORA ENSO

Sev

n/a
118,5/388.78
328,5/1077.76
n/a

16,8/55.12
95,2/312.34
nfa

nfa

10/32.81

27,2/89.24

pcs

m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft

m/ft
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0611 00.A8.1

06 11 00.A8.2

06 11 00.A9

06 11 00.A10

06 11 00.A10.A1

06 11 00.A11

06 11 00.A12

06 11 00.A13

06 11 00.A14

06 11 00.A15

06 11 00.A16

0611 00.A16.1

06 11 00.A17

06 11 00.A18

06 11 00.A19

06 11 00.A20

06 11 00.A21

06 11 00.A22

06 11 00.A23

Finger-jointed solid construction
timber: 170x100mm/7.08x3.93in
Finger-jointed solid construction
timber: 170x60mm/7.08x2.36in
Finger-jointed solid construction
timber: 18/x60mm/7.08x2.36in
Finger-jointed solid construction
timber: 200x120mm/7.87x4.72in
Finger-jointed solid construction
timber: 180x120mm/7.87x4.72in
Finger-jointed solid construction
timber: 200x60mm/7.87x2 .36in
Finger-jointed solid construction
timber: 240x140mm;/9.44x5.51in
Finger-jointed solid construction
timber: 240x100mm;/9.44x3.93in
Finger-jointed solid construction
timber: 240x60mm/9.44x2 .36in
Finger-jointed solid construction
timber: 280x120mm/11.02x4.72in
Finger-jointed solid construction
timber: 280x100mm/11.02x3.93in
Finger-jointed solid construction
timber: 270x100mm/10.62x3.93in
Finger-jointed solid construction
timber: 280x60mm/11.02x2.36in
Wood Framing:
80x60mm;3.14x2.36in

Wood Framing:
80x50mm;3.14x1.96in

Wood Framing:
80x30mmy3.14x1.18in

Wood Framing:
60x50mm/2.36x1.96in

Wood Framing:
50%x40mm;1.96x1.57in
Finger-jointed solid construction
timber: 135x45mm;/5.31x1.77in

KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
structural timber, spruce, heat-treated, STORA ENSO
structural timber, spruce, heat-treated, STORA ENSO
structural timber, spruce, heat-treated, STORA ENSO
structural timber, spruce, heat-treated, STORA ENSO
structural timber, spruce, heat-treated, STORA ENSO

KVH, spruce, heat-treated, STORA ENSO

27,2/89.24
14,5/47.57
14,5/47.57
45,3/148.61
2,54/0.78
550,8/1807.09
6,3/20.7
28/91.86
380,4/1248.03
5,6/18.37
51/16.73

n/a

9,5/31.17
45/147 .64
7.4/24.28

n/a

53/17.39

82,2/269.69

m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft
m/ft

m/ft
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06 11 00.A24

06 11 00.A25

06 11 00.A26

06 11 00.A27
061500
061513.A1
06 16 00
061633 A1
06 16 36

06 16 36.A1

06 16 36.A2

06 16 36.A2

06 16 36.A3

06 17 00

0617 13.A1

0617 13.A2

061713.A3

061713.A3.1

061713.A3.2

Finger-jointed solid construction
timber: 190x45mm/7.48x1.77in
Finger-jointed solid construction
timber: 205x45mm/8.07x1.77in
Finger-jointed solid construction
timber: 100x60mm/3.93x2 .36in
Wood Framing:
60x55mm/2.36x2.16in

Wood Decking

Wood Floor Decking: 31mm/1.22in

Sheathing

Wood Board Sheathing:
25mm/0.98in

Wood Panel Product Sheathing

Oriented Strand Board: 15mmj/0.59in

Oriented Strand Board: 22mmj/0.86in

Fiberboard: 15mm/0.5%in
Chipboard: 19mm/0.74in
Shop-Fabricated Structural Wood

Laminated Veneer Lumber Beam:

400%x75mm/15.74x2 .95in

Laminated Veneer Lumber Beam:
300x75mm/11.81x2.95in

Laminated Veneer Lumber Beam:
200x75mm/7.87%2.95in

Laminated Veneer Lumber Beam:
120x75mm/4.72x2.95in

Laminated Veneer Lumber Beam:
180x75mm/4.72x2.95in

KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO
KVH, spruce, heat-treated, STORA ENSO

structural timber, spruce, heat-treated, STORA ENSO

exterior floor decking, 12,5m/4.92in width, modules
with embeded plant bed, oak, FRISCHEIS

external covering plates of floor modules, larch, heat-
treated, HOLZ STEFL

oriented strand board, formaldehyde-free bonding,
EUROSTRAND OSB 3, EGGER

oriented strand board, formaldehyde-free bonding,
EUROSTRAND OSB 3, EGGER

erxterior wall and roof sheathing, DHF, EGGER
Interior casework, taupe, SPEEDMASTER

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensio nally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dime nsio nally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dime nsionally stahle, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensio nally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dime nsio nally stable, STEICO Ultralam LVL R

82.2/269.69

111,5/1200.18

78/839.58

186,3/2005.32

87.7/943 99

36,2/118.77

384,2/1260.50

nfa

n/a

n/a

m/ft
m/ft
m/ft

m/ft

m?/ft?

m?/ft?

m?/ft?

m?/ft?

m2/ft2
m2/ft2

m/ft

m/ft

m/ft

m/ft

m/ft
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0617 13.A4

0617 13.A4.1

0617 13.A4.2

0617 13.A43

06 17 13.A5

06 17 13.A6

06 17 13.A6.1

06 18 00

06 1800.A1

06 1813.A1

06 18 13.A2

06 43 00

0643 16.A1

Laminated Veneer Lumber Beam:

500%45mm/19.68x1.77in

Laminated Veneer Lumber Beam:

280x45mm/11.02x1.77in

Laminated Veneer Lumber Beam:

430x45mm/16.92x1.77in

Laminated Veneer Lumber Beam:

280x60mmy/11.02x2 .36in

Laminated Veneer Lumber Beam:

400x57mm/15.74x2 .24in

Laminated Veneer Lumber Beam:

300x45mmy/11.81x1.77in

Laminated VYeneer Lumber Beam:

300x90mmy/11.81x3.54in

Glued-Laminated Construction

Cross-Laminated Timber Board:
100mmy/3.93in

Glued-Laminated Beam:
270x200mm/10.62x7.87in
Glued-Laminated Beam:
350x240mm/13.77x9.44in

Wood Stairs and Railings

Wiood Railings

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensionally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensionally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensionally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensionally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensionally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensionally stable, STEICO Ultralam LVL R

multiple 3 mm layers of graded laminated veneers, highly
rigid and dimensionally stable, STEICO Ultralam LVL R

bonded, cross-laminated single-layer panels,
construction material kitchen core and
sleeping/bathing/technical core, spruce, weight 470
kg/m?/29 34Ibft3, CLT 10, STORA ENSO

spruce, HASSLACHER

spruce, HASSLACHER

2 oak handrails 40x40mm/1.57x1.57in inthe middle of
ramp, FH KUCHL; 9 rectangular hollow section RHP
40x40x5mmy/1.57%1.57%0.19in,
40x40x5mm/1.57x1.57x0.19in head plate and
200x60x5mm/7.87x2 .36x0.19in socket plate welded to
RHP, RIEGLER

158,6/520.34

n/a

n/a

n/a

158,6/520.34

26,2/85.96

26,2/85.96

98,4/1059.17

13,6/44.62

6,8/22.31

m/ft

m/fft

m/fft

m/fft

m/ft

m/ft

m/ft

m?/ft?

m/ft

m/ft

pcs
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Division 07

07 13 00

0713 13.A1

072100

072113.13.A1

072113.13.A2

072126.A1

072200

0722 16.A1

0726 00

0726 00.A1

072700

07 27 00.A1

07 54 00

07 54 19.A1

076200

0762 00.A1
07 76 00

0776 13.A1

Division 08

Thermal and Moisture
Protection

Openings

Sheet Waterproofing

Bituminous Sheet Waterproofing

Thermal Insulation

Foam Board Insulation: 20mm/0.78in

Foam Board Insulation: 60mmy/2.36in

Blown Insulation Cellulose

Roof and Deck Insulation

Roof Wood Softhoard Slope
Insulation: 120-43mm/4.72-1.69in

Vapour Retarder

Vapour Barrier

Air barrier

Windpaper

Thermoplastic Membrane Roofing
Polyvinyl-Chloride Roofing

Sheet Metal Flashing and Trim

Gutter Foil
Roof Pavers

Roof Ballast Pavers

{due to technical reasons this is not used during the
competition. When the house reaches it final destination
in austria, the core will be covered by the foil) KSD,
elastomeric bitumen vapour barrier, BAUDER

footfall sound insulation, EPS, CLIMALEVEL

footfall sound insulation, EPS, CLIMALEVEL

raw material is used paper, insulation of modules: floor
240mm/9.44in, walls 240mm/9 44in, window store
space 200mm+50mm/7 87in+1.96in, roof
300mm/11.81in, ISOCELL

single-ply insulating board featuring homoge neous wood
fibre cross section with a compression proof
construction, slope 2%, GUTEX THERMOFLAT

fabric-reinforced vapour barrier that regulates moisture,
used as an air-seal layer for wall and roof constructions.
Protects the insulation from condensation due to
diffusion, sd value: approx. 6.45m, OKO-NATUR vapour
barrier, ISOCELL

non-vapour retardant, UV-stabilized facade lining for
wood facades with back ventilation, AIRSTOP, ISOCELL

roofing foil combined with the integrated protective
fleece, thickness 2,3mm/0.90in, GWSK membrane, grey,
WOLFIN

integrated into attic, GWSK membrane, grey, WOLFIN

55,31kg/121.251bs ballast per PY module to protect them
from lifting off

98,5/1060.25

0,86/30.37

0,68/24.01

30,2/1066.50

106/1140.97

110/1184.03

78/839.58

110/1184.03

25,16/82.55

35

m2/ft2

m3/ft3

m3/ft3

m3/ft3

m?/ft?

m2/ft2

m?/ft?

m2/ft?

m/ft

pcs
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0814 00

0814 23.A1

08 14 23.A2
083200
0832 13.A1

08 44 00

0844 00.A1

08 44 00.A2
08 52 00

08 52 13.A1

08 80 00
08 8100

Division 09
0964 00

0964 33.A1

0964 33.A2
097000

0974 13.A1
0974 13.A2

0974 13.A3

0974 13.A4
0974 13.A5
097700.A1

Division 10

Finishes

Specialties

Wood Doors

Clad Wood Doors

Clad Wood Door

Sliding Glass Doors

sliding Aluminum/Wood-Framed
Glass Doors

Curtain Wall

Textile Curtain Wall

Wall Fixture

Wood Windows

Bath/Bedroom Windows

Glazing

Glass Glazing

Wood Flooring
Wood Floor Interior: 2 1mm/0.82in

Wood Floor Interior: 2 1mm/0.82in
wall Finishes

Wood Wall Coverings: 19mm/0.74in
wood Wall Coverings: 21mmj/0.82in

Wood Wall Coverings: 21mm/1.22in

Wood Wall Coverings: 19mm/0.75in
Wood Coverings: 19mm/0.75in

Special wall Surfacing: 12mm/0.47in

thermo ash sheathing on livingroom side and nut
sheathing on bath/bedroom side, hidden frame,
NUSSBAUM

technical room door, corian solid surface sheathing,
hidden frame, NUSSBAUM

glass size 2,11x2,37m/6.92x7.77ft, frame size
2,26x%2,52m/7.41x8.261t, triple glazing, JOSKO

PTFE (polytetrafluorethlyen) fabric, camouflage net
punching, white, 250g/m?, light transmittance 65%,
ARCHITECTURE EL-65-T0O, SEFAR

track for medium duty curtain, load capacity 4-wheel
runner 20kg/44lbs, system TRUMPF, GERRIETS

glass size 0,85x2,16m/2.78x7.08ft &

0,99x2,16m/3 .24x7.08ft, frame size
0,97x2,39m/3.18x7.84ft & 1,16x2,39/3 .80xx7.841t, triple
glazing, JOSKO

plate between bath and bedroom,
1,90x1,00m/6.23x3.28ft, glazing, 10SKO

livingroom floor, oak, brushed, white glazed, ADMONTER

bath and bedroom floor, dark thermo ash, FRISCHEIS

ceiling sheathing, three-ply plywood, European silver fir,
brushed, TSCHABRUN

core sheating, dark thermo ash, FRISCHEIS

core interior walls, compressed bark panels onthree-ply
plywood, fir, 53x57cmy20.86x22.44in, FH KUCHL

facade, spruce, three-ply plywood, brushed, white
glazed, REMA

kitchen front sheathing, oak, white oiled, TEAM7
bathroomwall behind shower, solid surface, white,
CORIAN, DUPONT

178/1915.98

Sey

1,9/20.45

45/484.38

69/742.71

pcs

pcs

pcs

m?/ft?

m/ft

pcs

m?/ft?

m?/ft2
m?/ft?

m?/ft2
m?/ft?
m?/ft2
m?/ft2
m?/ft?

m?/ft?
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10 14 00

1014 00.A1

1014 00.A2
1044 00

1044 16.13.A1

10 70 00
107113.A1

Presentation Material
Public Exhibit Material

Menu and Recipe Book

Fire Protection Specialties
Portable Fire Extinguishers
Exterior Specialties

Exterior Sun Control Devices

digital print on polyester fabric,
2800x750mm/110.23x29.52in, white, 260 gr/m?,
DIGIFLAG ECO, AUSTRONET

wood cover with linen binding, A5 paper pages, FUCHS

TOTAL FIRE-STOP

rollable awning, model CS, white, SOLIDAY

9 pcs
20 pcs
2 pes

32,6/350.9 m/ft2
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Division 11
113000

1131 13.A1
113113.A2
113113.A3
113113.A4
113123.A1
113123.A2
Division 12
123000

1232 00.A1

1232 00.A2

123500A1

123500.A2

12 36 19.A1

12 40 00

1240 00.A1

12 40 00.A2

12 40 00.A3

12 40 00.A4

Equipment

Furnishings

Residential Equipment
Oven

Dishwascher
Frige/Freezer

Ceramic Hob

Dryer

Washer

Casework

Wood Kitchen Casework

Wood Kitchen Speciality Casework

Wood Fitted Wall-Cupboard

Wood Fitted Wardrohe

Wood Kitchen Island/Dining Table

Furnishings and Accessories

Bedroom Furnishings

Bathroom Furnishings

Livingarea Furnishings

Diningarea Furnishings

ELEKTRABREGENZ BE 32060 X
SIEMENS SM65E331CH
ELEKTRABREGENZ KFIBN 5520 F
ELEKTRABREGENZ MISS 6081
ELEKTRABREGENZ TKF 8362 A
ELEKTRABREGENZ WAF 81630 A

fitted kitchen, contains residental equipment, sink and
home entertainment system, chip board carcase, taupe,
SPEEDMASTER

zero emission refrigerator, swiss stone pine, white oiled,
satinised glass front, FH KUCHL

in front of sleeping/bathing/technical core, conatins
distribution board and indirect lighting, chip board
carcase, taupe, with thermo ash sheathing,
SPEEDMASTER

inside bedroom, chip board carcase, taupe, with corian
solid surface sheathing and stainless steel clothes rail,
SPEEDMASTER

wooden kitchen island contains oven and hob,
countertop merge into dining tahle, oak
6x80x360cm/2 36x31.49%x141.73in, stainless steel foot
rest, FH KUCHL

mattress 200x180cm/78.74x70.86in, 2 bed linens beige,
2 linen pillows white, 2 medium pillows pine filling
translucent,

toilet paper dispenser integrated into dividing wall, 2
face towels white, 2 shower towel beige, soap dish
stone, toothbrush cup stone, mirrow
190x110cm/74.80x43 .30in

modularity sofa, suitable for outdoor areas, white, EXTRA
SOFT, LIVING DIVANI

compressed shaving shell chair, fir and spruce bark, FH
KUCHL

N N Y

sev

sev

sev

pcs
pcs
pcs
pcs
pcs
pcs

pcs

pcs

pcs

pcs

pcs

pcs

pcs

pcs

pcs
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12 40 00.A5

12 5000

12 58 26.A1

Division 13
Division 14
Division 21
2113 00
2113 13.A1
2113 13.A2
214000

214100

Division 22
220700
2207 19.A1

220900
22 09 00.A1
22 09 00.A2

220900.A3

221100
221116
22 11 16.A1

Special Construction
Conveying Equipment
Fire Suppression

Plumbing

Kitchen Accessories

Furniture

Entertainment Center

Fire-Suppression Sprinkler Systems
Wet-Pipe Sprinkler Systems
Wet-Pipe Sprinkler Piping
Fire-Suppression Water Storage
Storage Tanks for Fire-Suppression
Water

Plumbing Insulation

Plumbing Piping Insulation
Instrume ntation and Control for
Plumbing

Outdoor Temperature Sensor
Central Module with Ambie nt Air
Temperature Sensor

Irrigation Computer

Facility Water Distribution
Domestic Water Piping
Polypropylene Piping

2 pots 24cm, 2 pans 24cm, 1 pan 20cm, 1 casserole
24cm, white, AROMAPOTS, RIESS; storage tin 8cm 230ml
white, 8cm 52 5ml green, 13cm 615ml green, 13cm 1,351
white, HOMEWEAR, RIESS; 2x30pcs silverware, 1 soup
ladle, 1 knife set, AVANTGARDE, BERNDORF; 9 storage
glass can, 5 steel hook, 25 test tubes with corks, IKEA; 12
mini drinking glass, 12 maxi drinking glass, COTE TABLE
VERRE; 10 small plates, 8 dinner plates, 2 large glass
bowls, 12 small glass bowls, POMAX

LED TV 42" 42 LW 5590, LG; TV mount, 30658 ultra slim,
VIVANCO, TITAN; subnotebook, E130, THINKPAD;
keyboa