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The concept is based on the landscape stepping downwards.
Hotel room are placed so it follows this movement for daylight
intake and close interaction with the surrounding nature. The
shape has its inspiration from the landscape found in the area.
Alandscape that is define by ski-activities which creates this
so-called moguls. The moguls has been analyzed and used
to create individual hotel rooms.

When maneuvering through the landscape, the users will end
up in a village like atmosphere in the bottom of the slope
where the area is almost flat. Different sizes of cabins are
here to find both placement and shape is metaphorically
inspired by the outcome of the elements found from“digging”.

MOGULS

Moguls are a series of bumps on a trail formed when skiers push the snow into mounds
or piles. This tends to happen naturally as skiers use the slope. They can also be
constructed (seeded) on a slope for freestyle skiing competitions or practice runs. Once
formed, a naturally occurring mogul tends to grow as skiers follow similar paths around
it, further deepening the surrounding grooves known as troughs. Since skiing tends to
be a series of linked turns, moguls form together to create a bump field. At most ski
resorts certain pistes (trails) are groomed infrequently or left completely ungroomed to
allow moguls to develop. These mogul trails are generally relatively steep. Some trails
cannot be groomed because they are too steep, too narrow, or they have obstacles
that cannot be overcome by a snowcat. Such trails often form moguls. Mogul trails that
can be groomed are usually groomed when the moguls get so big and the troughs so
deep that the moguls become difficult to ski on or around. Some mogul fields are also
groomed when they become too icy or too hardened to ski safely and enjoyably. Many
times a section of a trail will be left ungroomed and allowed to bump up to prevent skiers
from gaining too much speed and getting out of control. [WIKI]
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The first criterion is to respect the environment and its
surroundings, by integrate the building into the nature.

Also this place is use for many sport activities, which leads to
a concept where the activities modify and shape

the building. The buildings shape also has to embrace and
catch up all the best areas, to exploit the areas different
functions and benefits. For instance the best view, best
outdoors place, best location etc. It’s also important to
involvethe users to add more “traffic” and movement to
the place, and thereby more life and good atmosphere. Last
but not lest, make a connection to nature. One thing is to
integrate the building into the nature, another thing is to
connect the user to the nature and force them to use and
enjoy it.

Through research, it turned out that the term Moguls fits
perfectly to this project. The wish was to let the activities
modify and shape this building, which makes Moguls a big
inspiration to both concept and form.

Moguls are a series of bumps on a trail formed when skiers
push the snow into mounds or piles. This happens naturally
when skiers use the slope. They can also be constructed on a
slope for freestyle skiing competitions ore practice runs.

Once formed, a naturally occurring mogul tends to grow as skiers
follow similar paths around it. Since skiing tends to be

a series of linked turns, moguls form together to create a bump
field. At most ski resorts certain trails are groomed infrequently
or left completely ungroomed to allow moguls to develop. Many
times a section of a trail will be left ungroomed and allowed to
bump up to prevent skiers from gaining too much speed and
getting out of control.

By imitating the mogul structure, the building will fade into the
surroundings and be a part of the whole ski resort context in a
natural way. These moguls differ both in shape and size, which
also will be done in the building, to meet every rooms needs.




MOGULS

Moguls becomming a structural element and grid for
hotel room+function stepping down the landscape.
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The site is all
surrounded by
nature which is
wanted to provide

HOTEL
————— By pushing the building
underground, both
nature and view will
‘ not be dominated by a

massive building

To get daylight into
the building and
integration into

the landscape, the
building is devided
and push out to the
v surface

The previous move
made this common
space, which will be
used for an open
atrium

By digging further,
some exiting rooms
will be used for cave
activities as some

! special features and
activities.
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1 [ Single room of 12 m? using only one floor. Zi'a 232 .
This is convenient for moving impaired Usable: 12.0 m?
. Ratio: 43.5%
people as well and singles. « oo
S
2 | Double room of 24m? using one floor. This Celt 29,
is convinient for moving impaired and Usable: 24.0 m?
couples Ratio: 43.5%
' 24 m?
3 | Double room of 23.9 m? using two floors. RS
The entrance is on the bottom floor, while = Usable: 23.9 m?
ingi HHo m? Ratio: 67.1%
sleeping is on the top floor. v ‘ ‘
~
4 | Luxury double room of 31.9 m? using three ii')'a 4;; .
floors. The entrance is on the middle floor, Usable: 31.9 m?
. . Ratio: 65.4%
sleeping on the top floor and work/leisure - 2 ane
on the bottom floor. =
5 | Luxury double room of 34.6 m? using three PRSI
floors. The entrance is on the bottom floor Usable: 34.6 m?
. . Ratio: 54.7 %
(optionaly also on the top floor), sleeping iacky are
on the middle floor and work/leisure on the o
top floor. ﬁ%
10A6‘m% ‘ E
S

Cells: 3.0

Area:  97.6m?
Usable: 64.5 m?
24.5m? Ratio: 66.1%

6 | Other functions room of 64.5 m? using 3
floors. The entrance is on the middle floors.

]‘2 m?
===
=
1
=S

6T

Cells: 3.0
Area:  126.4m?
Usable: 69.2 m?
Ratio: 54.7 %

7 | Other functions room of 69.2 m? using
3 floors. The entrance is on the bottom
(optionaly also on top)

d
24m?
8 | Other functions room of 89 m? using 3 f\i‘: 1331-‘04m2
floors with extended depth. The entrance is Usable: 89.0 m?
24.5m? Ratio:  66.2%

on the middle floors.

H_H_H_ﬁlm

32m? ‘ ‘

i B

9 | Other functions room of 123.4 m? using 3 cels: 30
floors with extended depth. The entrance is 21.9m? Usable: 123.4 m?

23.8m? Ratio: 68.9 %
on the bottom floor. m? || Ratio

40 m?*

CONCLUSION

The larger rooms tend to have a better ratio of usable area than the smaller ones.
This is because some of the diagonal walls can be removed and used by extending the
adjenct floors. For the 3 story luxury rooms the highest ratio is reached when having
the entrance on the middle floor, this also goes for the larger rooms for other functions
which also extends for 3 floors. The only exception is the last design where the entrance
is on the bottom floor and all stories are extended in depth to fit the top floor. In this
design it is more benefitial to have the entrance on the bottom floor.
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Super honeycomb shows more potential for
carbon nanotubes

When one tube in the honeycomb structure is broken, the
surrounding arms can easily carry the load due to the structure’s
ability to transfer forces. The colors show the von Mises stress
distribution, with dark blue as lowest stress and MX referring to the

place with maximum stress. Image credit: Xiong Zhang, et al.
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The hexagonal network structure makes these nanotubes look a bit like a honeycomb—or, when
stretched a bit, like a hammock or fish net. In fact, the stretchiness of these 20-nm-long carbon
nanotubes enables them to do what straight nanotubes find difficult: namely, transfer tensile forces
and possess high ductility, or malleability.

Scientists Min Wang, Xinming Qiu, and Xiong Zhang from Tsinghua University in Beijing recently
investigated the mechanical properties of super honeycomb structures, which are made of periodically
repeating carbon nanotube Y junctions that form hexagonal patterns. While straight nanotubes—such as
those compiled in bundles or ropes—have renowned strength and elasticity, the honeycomb structure can
also transfer these forces to different parts of its structure.

“The basic properties of super structures are due to their excellent structures: the hollow structure of arms
and perfect honeycomb structure to combine the arms,” Zhang told PhysOrg.com. “Compared with the
straight nanotube, the honeycomb structure optimizes the force-transferring.”

Although the honeycomb structure may look like a fishnet, the forces that determine the nanostructure’s
properties are actually quite different from those of a macroscopic honeycomb or fishnet because of the
great scale difference. For example, the scientists indicate that the van der Waals interactions and the
recombination of bonds at the atomic level would affect the results when the structure is stretched.

“In our article, the shell model is used to analyze the mechanical properties of the super honeycomb
structure,” Zhang said. “The method is based on the continuum theory, but the material parameter is
obtained from the atomic level.”

The scientists found that, when the nano honeycomb was stretched, the structure still maintained high
tensile strength. This result arises due to the honeycomb structure’s unusual tendency to become very thin
(which is called having a high “Poisson’s ratio”), and gain great flexibility. The scientists found that, the
more junctions, the greater strength and ability to “shift” weight to different parts of the structure.
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“Because the honeycomb structure has the ability to transfer forces, the structure ensures the good
distribution of stress and avoids the local stress concentration,” said Zhang. “Even when some tubes are
broken from others, the whole structure can still bear the load, which embodies high ductility.”

Because the shape of a single Y junction looks like that of a carbon-carbon bond in graphite, the
periodically repeating Y pattern has earned the name “super graphite.” Therefore, by rolling up a sheet of
honeycomb, you get what the scientists call a “super carbon nanotube.” Using super carbon nanotubes,
scientists could build high-strength, large-scale super structures with relatively short tubes that have many
junctions as opposed to using longer straight tubes.

“Super carbon nanotubes are composed of the lower-order nanotubes by replacing the atomic bonds in the
carbon nanotubes, which hold the superior properties of carbon nanotubes and the optimal ductility, which
is due to the honeycomb structures,” Zhang explained.

The super honeycomb’s ability to transfer forces means that these structures could provide scientists with
resources to improve nanoelectronics devices for computers, and also fiber-reinforced composites.

“Many nanoelectronic devices based on Y-junction carbon nanotubes have been proposed recently,” said
Zhang. “Scientists [Coluci] have discussed the electronic properties of the super structures, and indicated
that they have great applications as actuators and as hosts for large biomolecules. Regarding
fiber-reinforced composites, just as its name implies, the mechanical properties of materials such as resin
and concrete can be improved by adding some fiber components.”

Citation: Wang, Min, Qiu, Xinming, and Zhang, Xiong. “Mechanical properties of super honeycomb
structures based on carbon nanotubes.” Nanotechnology. 18 (2007) 075711 (6pp).

By Lisa Zyga, Copyright 2006 PhysOrg.com.
All rights reserved. This material may not be published, broadcast, rewritten or redistributed in whole or

part without the express written permission of PhysOrg.com.

This document is subject to copyright. Apart from any fair dealing for the purpose of private study, research, no part

may be reproduced without the written permission. The content is provided for information purposes only.

"Super honeycomb shows more potential for carbon nanotubes." PHY Sorg.com. 19 Jan 2007. http://phys.org/mews88434516.html
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These are the full details of all the elements created
with the rockwool u-value program.

WALL1 - WOOD WALL

WALL2 - STONE TILE WALL

[GENERAL]

Area exclusive window and doors [m?]: 94.64

Wall facing: Free air

Heatloss factor: 1

Length coldbridge [m]: 20

Coldbridge value [W/mK]: 0.1

[CLIMATE SCREEN]

Cladding: Wood

Thickness [mm]: 22

Heat conductivity [W/m2K]: 0.14

Air layer: Yes Yes/No

Air Change: Good Good/Poor/None
Air layer thickness [mm]: 36

Sheating: On roll

Thickness of sheating [mm]: 1

Heat conductivity of sheating [W/m2K]: 0.1

[BEARING]

Timber frame: 36mm solid wood (cc 60 cm)
Area of timber frame [%): 9

Heat conductivity of timber frame [W/mK]: | 0.14

Main insulation: 198mm rockwool Flexi A-plate
Heat conductivity [W/mK]: 0.037

[INTERNAL]

Inner cladding: 15mm wood panel

Heat condictivity of inner cladding [W/mK]: | 0.14

Inner insulation: 30mm Rockwool Soundplate
Heat conductivity [W/mK]: 0.034

[RESULTS]

U-Value [W/m*K]: 0.18 0.18 max, 0.22 individual max
Construction thickness [mm]: 301

[ROCKWOOL, 2012] http:/www.rockwool.no/r%C3%A5d+og+veiledning/u-verdiprogram

[GENERAL]

Area exclusive window and doors [m?: 94.64

Wall facing: Free air

Heatloss factor: 1

Length coldbridge [m]: 20

Coldbridge value [W/mK]: 0.1

[CLIMATE SCREEN]

Cladding: Stone

Thickness [mm]: 105

Heat conductivity [W/m?K]: 0.75

Air layer: No Yes/No
[EXTERNAL]

External insulation: 148 mm Rockwool | Flexi A-plate
Heat condictivity [W/mK]: 0.037

[BEARING]

Timber frame: 100mm concrete

Heat conductivity of timber frame [W/mK]: | 1.8

[INTERNAL]

Inner cladding: 15mm wood panel

Heat condictivity of inner cladding [W/mK]: | 0.14

Inner insulation: 98mm Rockwool Flexi A-plate
Heat conductivity [W/mK]: 0.037

[RESULTS]

U-Value [W/m*K]: 0.15 0.18 max, 0.22 individual max
Construction thickness [mm]: 466

[ROCKWOOL, 2012] http://www.rockwool.no/r%C3%A5d+og+veiledning/u-verdiprogram




WALL3 - MIX OF WOOD AND STONE TILES

ROOF1 - Apartments

[GENERAL]

Area [m?: 48

Length coldbridge [m]: 15.2

Coldbridge value [W/mK]: 0.1

[CLIMATE SCREEN]

Cladding: Mixed

Thickness [mm]: 4

Heat conductivity [W/m?K]: 50

Amount of fasteners per m* 4

Diamater per fastener [mm]: 4

Heat conductivity of fastener [W/mK]: 17

Sheating: Onroll

Thickness of sheating [mm]: 1

Heat conductivity of sheating [W/mK]: 0.1

[INSULATION]

Heat conductivity of 50mm Hardrock Energy [W/mK]: 0.036 3'rd insulation layer
Heat conductivity of 50mm A-surfaceplate energy [W/mK]: | 0.037 2'nd insulation layer
Heat conductivity of 60mm A-surfaceplate energy [W/mK]: | 0.037 1'stinsulation layer
[BEARING]

Bearing material: wood 140mm massive wood
Heat conductivity of timber frame [W/mK]: 0.14

[RESULTS]

U-Value [W/m?K]: 0.18 0.13 max, 0.18 individual
Construction thickness [mm]: 304 Goal 300 for apartments

[GENERAL]

Area exclusive window and doors [m?]: 94.64

Wall facing: Free air

Heatloss factor: 1

Length coldbridge [m]: 20

Coldbridge value [W/mK]: 0.1

[CLIMATE SCREEN]

Cladding: Wood/Stone

Thickness [mm]: 50

Heat Conduction [W/mK]: 0.3

Air layer: Yes Yes/No

Air Change: Good Good/Poor/None
Air layer thickness [mm]: 36

Sheating: On roll

Thickness of sheating [mm]: 1

Heat Conduction of sheating [W/mK]: 0.1

[BEARING]

Timber frame: 36mm solid wood (cc 60 cm)
Area of timber frame [%]: 9

Heat conductivity of timber frame [W/mK]: 0.14

Main insulation: 198mm rockwool Flexi A-plate
Heat conductivity [W/mK]: 0.037

[INTERNAL]

Inner cladding: 15mm wood panel

Heat condictivity of inner cladding [W/mK]: | 0.14

Inner insulation: 30mm Rockwool Soundplate
Heat conductivity [W/mK]: 0.034

[RESULTS]

U-Value [W/m2K]: 0.18 0.18 max, 0.22 individual max
Construction thickness [mm]: 329

[ROCKWOOL, 2012] http://www.rockwool.no/r%C3%A5d+og+veiledning/u-verdiprogram

[ROCKWOOL, 2012] http://www.rockwool.no/r%C3%A5d+og+veiledning/u-verdiprogram

This roof has the highest allowed u-value to allow for a slimer construction for the hexagon apartments,
the u-value of the other roofs will be lower to give a good average u-value.



ROOF2 - Rest

FLOOR1 - Apartments

[GENERAL]

Area [m?: 9415
Length coldbridge [m]: 123
Coldbridge value [W/mK]: 0.03
Soil conditions: Rock
Heat conductivity of rock [W/mK]: 35
Heat capasity [Wh/m*K] 556

[EDGE INSULATION]

Edge insulation direction: Vertical

Heat conductivity of edge insulation [W/mK]: 0.037 50mm Rockwool Ground pl.
Edge insulation depth [m]: 0.6

[INSULATION]

Heat conductivity of 100mm Rockwool ground pl. [W/mK]: | 0.037

1'st insulation layer

Heat conductivity of 50mm Rockwool ground pl. [W/mK]: 0.037

2'nd insulation layer

[CONCRETE LAYER]

Heat conductivity of 80 mm reinforced concrete [W/mK]: 1.7

[INTERNAL LAYER]

Heat conductivity of 14mm Parquet [W/mK]: 0.13

[RESULTS]

U-Value [W/mK]: 0.15 0.15 max, 0.18 individual
Construction thickness [mm]: 244 Goal 300 for apartments

[GENERAL]

Area [m?: 4.8

Length coldbridge [m]: 15.2

Coldbridge value [W/mK]: 0.1

[CLIMATE SCREEN]

Cladding: Mixed

Thickness [mm]: 4

Heat conductivity [W/mK]: 50

Amount of fasteners per m% 4

Diamater per fastener [mm]: 4

Heat conductivity of fastener [W/mK]: 17

Sheating: Onroll

Thickness of sheating [mm]: 1

Heat conductivity of sheating [W/m*K]: 0.1

[INSULATION]

Heat conductivity of 100mm Hardrock Energy [W/mK]: 0.036 3'rd insulation layer
Heat conductivity of 100mm A-surfaceplate energy [W/mK]: 0.037 2'nd insulation layer
Heat conductivity of 100mm Conrete surface energy [W/mK]: | 0.035 1'stinsulation layer
[BEARING]

Bearing material: wood 140mm massive wood
Heat conductivity of timber frame [W/mK]: 0.14

[RESULTS]

U-Value [W/m?K]: 0.09 0.13 max, 0.18 individual
Construction thickness [mm]: 455 Goal 300mm

This roof has a lower u-value to cover up for the higher u-value of the apartments (Roof1).

[ROCKWOOL, 2012] http:/www.rockwool.no/r%C3%A5d+og-+veiledning/u-verdiprogram
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FLOOR2 - Rest “FLOORS3” - Rock surfaces
[GENERAL] [GENERAL]
Area [m?: 1849 Area [m?]: 1694
Length coldbridge [m]: 10 Length coldbridge [m]: 160
Coldbridge value [W/mK]: 0.03 Coldbridge value [W/mK]: 0.03
Soil conditions: Rock Soil conditions: Rock
Heat conductivity of rock [W/mK]: 35 Heat conductivity of rock [W/mK]: 35
Heat capasity [Wh/mK] 556 Heat capasity [Wh/m*K] 556
[EDGE INSULATION] [INSULATION]
Edge insulation direction: Vertical Heat Conductivity of 1000mm mountain rock [W/mK]: | 3.5 No other insulation
U-value edge insulation [W/mK]: 0.037 50mm Rockwool Ground pl. [SECOND LAYER]
Edge insulation depth [m]: 0.6 Heat conductivity of 1 mm rock [W/mK]: 35 Layer must be present
[INSULATION] [INTERNAL LAYER]
Heat Conductivity of 100mm Rockfoam (XPS) [WimK]: | 0.034 | 1'stinsulation layer Heat conductivity of 10mm Stone Tiles [WimK]: 0.75
Heat Conductivity of 80mm Polystrene 20-580 [W/mK]: | 0.038 | 2nd insulation layer [RESULTS]
[CONCRETE LAYER] U-Value [W/m2K]: 0.36
Heat conductivity of 80 mm reinforced concrete [W/mK]: | 1.7 Construction thickness [mmJ: 1011
[INTERNAL LAYER] [ROCKWOOL, 2012] http:/www.rockwool.no/r%C3%A5d+og+veiledning/u-verdiprogram
Heat conductivity of 10mm Stone Tiles [W/mK]: 0.75 This floor is used to simulate the rock surfaces, also walls and ceilings. The rock itself works as
sttt ot R S Wy | 000 o vton
[RESULTS] be 0.43.
U-Value [W/m?K]: 0.09 0.15 max, 0.18 individual
Construction thickness [mm]: 320

[ROCKWOOL, 2012] http://www.rockwool.no/r%C3%A5d+og+veiledning/u-verdiprogram
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THE ANALYSIS

The different hotel rooms will be analysed in Simien to find the dimentions for heating and cooling
systems in each of them. The construcion elements made in the rockwool program will be used
and all values will follow the requirements from TEK10.

Values in gray are values we are not allowed to change according to rules and requirements.

TECHNICAL INPUT

PROJECT DATA AND BUILDING CATHEGORY
Building cathegory: Hotel
Effect ligthing [W/m?: 8
Effect equipent [W/m?]: 1
Ventilation [m*m?h]: 10/3 in operating hours/outside operating hours
Effect tapwater [W/m?]: 34
Heatgains per person [W/m?: 2
Room temperature [C°]: 2119 in operating hours/outside operating hours
Operation hours internal loads: | 16/7/62 | hours/days/weeks of the year
Working hours people: 24[7/52 | hours/days/weeks of the year
Operation hours ventilation: 16/7/52 | hours/days/weeks of the year

[TEK10, 2012] & [NS 3031:2007]

INNPUT DATA FOR ENERGY SOURCES
[ELECTRICITY]
System efficiency: 0.9 middle system value [SIMIEN]
System effect factor cooling: 25 air to air cooling, smaller larger aggregate
Energy price [Kr/Kwh]: - [NOT USED]
CO2 emissions [g/kWh]: 395 Base value [SIMIEN]
Room heating [%]: 8 Amount of heating coming from electricity
Heating of tapwater [%]: 8 Amount of heating coming from electricity
Heating batteries ventilation [%]: 8 Amount of heating coming from electricity
Cooling batteries ventilation [%]: 100 Amount of cooling coming from electricity
Local cooling (room cooling) [%]: 100 Amount of cooling coming from electricity
El. specific energy need [%]: 80 El specific energy use for lighting, equipment, fans & pumps.
[SUN]
System efficiency: 9 Middle temperature sun cathcers [SIMIEN]
System effect factor cooling: 25 air to air cooling, smaller larger aggregate
Energy price [Kr/Kwh]: - [NOT USED]
CO2 emissions [g/kWh]: 0
Room heating [%]: 0 Amount of heating coming from sun
Heating of tapwater [%]: 0 Amount of heating coming from sun
Heating batteries ventilation [%]: 0 Amount of heating coming from sun
Cooling batteries ventilation [%]: 0 Amount of heating coming from sun
Local cooling (room cooling) [%]: 0 Amount of heating coming from sun
El. specific energy need [%]: 20 El specific energy use for lighting, equipment, fans & pumps.
[GEO THERMAL HEATING]
System efficiency: 0.92
System effect factor cooling: 25 air to air cooling, smaller larger aggregate
Energy price [Kr/Kwh]: - [NOT USED]
CO2 emissions [g/kWh]: 29 [ens, 2012]
Room heating [%]: 92 Amount of heating coming from geo thermal heating
Heating of tapwater [%]: 92 Amount of heating coming from geo thermal heating
Heating batteries ventilation [%]: 92 Amount of heating coming from geo thermal heating
Cooling batteries ventilation [%]: 0 Amount of heating coming from geo thermal heating
Local cooling (room cooling) [%]: 0 Amount of heating coming from geo thermal heating
El. specific energy need [%]: 0 El specific energy use for lighting, equipment, fans & pumps.

8% of the energy in a geo thermal energy plant is electrical
energy used to run the pumps, thus only 92% of the heating is
set to be covered by geo thermal heating. [ens, 2012] [conserve,
2012]

30% of the lighting energy comes from the sunlight in the hybrid
lighting system. With lighting covering 66.7% of the El. specific
energy it means that the sunlight in the hybrid system covers
20% of the total el. specific energy need. [APPENDIX: Hybrid
daylight saving calculation]



GLOBAL INPUTS

INNPUT DATA - (for all rooms)

FACADE TO THE SOUTH - (for all rooms)

Heated floorarea [m?):

Different for each apartment type

Total area including windows [m?]:

Different for each apartment type

Heated air volume [m?]: - Different for each apartment type Construction U value [W/m2K]: 0.18 [Wall1]
[INFILTRATION] Heat capacity inner layer [Wh/m?K]: 13 Medium heavy wall
Airchange at 50Pa [1/h]: 15 leak pr. h. w.preassure dif. of 50Pa [SIMIENX] [TEK10] Orientation [°]: 200/220 [west/east wing apartments], 0=North, 180=South
Airchange at normal state [oms/h]: | 0.11 Calculated based on model in program [TOP WINDOWS]
Screening class: Moderate | Building in countryside with threes or other buildings Number of windows: - Different for each apartment type
Facade situation: Default More than one wind exposed facade [forced] Window width incl. frame [m]: 28
[OTHER] Window height incl. frame [m]: 2
Heat capacity [Wh/m*K]: 4 Medium furnitured room Area share of frame: 0.10 10% of total window area is the frame
Operating: All days Overhang depth [m]: 05
Normalized coldbridge [W/K/m?]: 0.05 Wood bearing structure [NS 3031, Appendix A:2007] N X N X
Ovehang distance from window [m]: 0 Distance between top of window and the overhang
FACADES TO THE EAST & WEST - (for all rooms) [BOTTOM WINDOWS]
Total area including windows [m?]: 18 East and west is 1.8 each Number of windows: - Different for each apartment type
Construction U value [W/m?K]: 0.18 [Wall1]
Window width incl. frame [m]: 1.94
Heat capacity inner layer [Wh/m*K]: | 13 Medium heavy wall
Orientation east[°]: 1101130 | [west/east wing apartments], 0=North, 180=South Window height incl. frame [m]: 2
Orientation west[°]: 290/310 | [west/east wing apartments], 0=North, 180=South Area share of frame: 0410 10% of total window area is the frame
Overhang depth [m]: 0.5
NATURAL VENTILATION - (for all rooms)
Opening area [m?]: 175 Ovehang distance from window [m]: 1 Distance between top of window and the overhang
Opening height [m]: 2 Vertical sidehang on each side [m]: 0.38 Covering just half of the window
Number of openings: 1
Vertical sidehang dist; fi : 0
First operating month: May erticalsidehang distance from w [m]
Last operating month: September [HEAT LOSS PROPERTIES]
Start operating hour: Tam X L .
U-value window [W/m2K]: 0.5 3 glass layers, kryptongass, 2 low emissivity coating
End operating hour: 5pm X
U-value frame [W/m2K]: 0.65 Superisolated woodframe, warmedge (superspacer)
Air change rate is controlled by outdoor temperature and wind speed according to EN 15242. X
Coldbridge border zone[W/mK]: 0.03
Totat U-value whole window: 0.58 U-value for window and frame combined
HEATING - (for all rooms)
[HEAT GAIN PROPERTIES]
Maxi i ffect [W/m?): - Different ft h apartment t
aximum given effect [Wi'] "erent for each apariment ype Sunscreening type: Adjustable | Outside screen, 3-layer glass, 1 energy glass
Convective portion of the heat output: 0.8 [SIMIENX] N X " X N
Sun factor in activated position: 0.04 4% light let into the room
[HYDRONIC HEATING] ; ’ - ) -
Sun factor in non-activated position: 0.40 40% light let into the room
Flow temperature [°C]: 70 [GEOTERMISK, 2007] temp water inn N N .
Sun screening controll: Manual Activated by sunflux given in NS 3031
Return t ture [°C]: 40 BE10 vejledning.pdf] t ter out
eturn temperature [°C] [ vejledning.pdf] temp water ou [BALCONY DOOR]
Specifi ffect (SSP) [kW/(I/s)]: 0.5
pecific pump effect (SSP) [kWI(s)] Area including frame [m*] 1.8
Set point in operating hours [°C]: 21 TEK10] maximum temp while heating = 22
P P 9 ra L ! P 9 U-value for balcony door [W/m?K]: 0.8 Superinsulated door.
Set point outside operating hours [°C]: | 19 [TEK10] minimum temp
Start operating hour: Tam
ROOF TOWARDS THE OUTSIDE - (for all rooms)
End operating hour: 11pm -
Total roof area [m?: - Total roof area to the outside
Running in summer: No Yes/No [No heating need during summer]
U-value construction [W/mK]: | 0.18 [Roof1]

Heat capacity [Wh/m?K]: 46 Medium heavy inner cladding
Roof pitch: 0° 0° = Flat, 60° = Steep
Orientation: 180° 0°=North, 180°=South [does not matter when roof pitch is 0°]




INTERNAL HEAT GAINS - (for all rooms)

[LIGHTING]

Middle effect [W/m?]: 8/0 Inside/Outside operating hours [TEK10]
Heat gains: 100% The entire effect goes to heat

Heat added based on zonesize [W]: - Different for each apartment type
Operating hours: Tam/11pm Starting/Stopping

[TECHNICAL EQUIPMENT]

Middle effect [W/m?: 1/0 Inside/Outside operating hours [TEK10]
Heat gains: 100% The entire effect goes to heat

Heat added based on zonesize [W]: - Different for each apartment type
Operating hours: Tam/11pm Starting/Stopping

[TAP WATER]

Middle effect [W/m?: 34 [TEK10] [SIMIEN]

Heat gains: 0%

[PEOPLE]

Middle effect [W/m?]: 2 Always operating [TEK10]

Heat gains: 100% The entire effect goes to heat

Heat added based on zonesize [W]: - Different for each apartment type

VARIABLE VENTILATION (VAV) - (for all rooms)

Keep CO2-value below [PPM]: 800 [SIMIEN] TEK10 req. = outdoor + 500 PPM
Keep indoor air temperature below [°C]: 25 Max. allowed indoor air temp. [TEK10]
[AIR VOLUME]

Max airchange rate in operating hours [m*hm?: - Different for each apartment type
Min airchange rate in operating hours [m¥hm?: - Different for each apartment type
Airchange rate outside operating hours [m*hm?: 2 (Minimum from NS3031), 13581 m*h
Airchange rate weekends/vacations [m*hm?: - NOT USED (operating all days)
SFP-factor fans (at max airchange rate) [kW/m*s]: | 1.5 [SIMIENX]

[SUPPLIED AIR TEMPERATURE]

Normal supplied air temperature [°C]: 19

Summertime supplied air temperature [°C]: 17

First summer month: May

Last summer month: August

Operation hours: 7am/11pm | Starting/Stopping
[COMPONENTS]

Max Capacity Heating battery [W/m?]: - Different for each apartment type
Delta-T waterside for water heating [K]: 30

Specific pump effect [kW/(I/s)]: 05

Max capacity Cooling battery [W/m?: - Different for each apartment type
Delta-T waterside for water cooling [K]: 6

Specific pump effect [kW/(I/s)]: 0.6

Temperature efficiency of Heat exchanger: 0.85 85% (Minimum req. is 80%) [TEK10]

The previous values are for all the different apartments,
the following tables will display the specific values for each

apartment.

INPUTS SINGLE ROOM

INNPUT DATA - Single room

Heated floorarea [m?): 16.6

Heated air volume [m?]: 50

HEATING - Single room

Maximum given effect [W/m?: | 22 | Maximum effect based on floor area: 365 W

FACADE TO THE SOUTH - Single room

Total area including windows [m?: 9.9
[TOP WINDOWS]

Number of windows: 1
[BOTTOM WINDOWS]

Number of windows: 1

ROOF TOWARDS THE OUTSIDE - Single room

Total roof area [m?: | 21 | Total roof area to the outside

INTERNAL HEAT GAINS - Single room

[LIGHTING]

Heat added based on zonesize [W]: 133

[TECHNICAL EQUIPMENT]

Heat added based on zonesize [W]: 17
[PEOPLE]
Heat added based on zonesize [W]: 33

VARIABLE VENTILATION (VAV) - Single room

[AIR VOLUME]

Max airchange rate in operating hours [m*h m?: | 10 Airchange rate based on area: 166 m*h
Min airchange rate in operating hours [m*hm?: | 7 Airchange rate based on area: 116 m*h
[COMPONENTS]

Max Capacity Heating battery [W/m?: 2 Airchange rate based on area: 33 m¥h
Max capacity Cooling battery [W/m?]: 2 Airchange rate based on area: 33 m¥h




INPUTS DOUBLE ROOM

INNPUT DATA - Double room

Heated floorarea [m?): 24.6w

Heated air volume [m?]: 74

HEATING - Double room

Maximum given effect [W/m?: | 22 | Maximum effect based on floor area: 542 W

FACADE TO THE SOUTH - Double room

Total area including windows [m?]: 19.9
[TOP WINDOWS]

Number of windows: 2
[BOTTOM WINDOWS]

Number of windows: 2

ROOF TOWARDS THE OUTSIDE - Double room

Total roof area [m?: | 43

| Total roof area to the outside

INTERNAL HEAT GAINS - Double room

[LIGHTING]

Heat added based on zonesize [W]: 197
[TECHNICAL EQUIPMENT]

Heat added based on zonesize [W]: 25
[PEOPLE]

Heat added based on zonesize [W]: 49

INPUTS PENTHOUSE ROOM

INNPUT DATA - Penthouse room

Heated floorarea [m?]: 435

Heated air volume [m?]: 131

HEATING - Penthouse room

Maximum given effect [W/m?: | 22 | Maximum effect based on floor area: 957 W

FACADE TO THE SOUTH - Penthouse room

Total area including windows [m?: 298
[TOP WINDOWS]

Number of windows: 3
[BOTTOM WINDOWS]

Number of windows: 3

ROOF TOWARDS THE OUTSIDE - Penthouse room

Total roof area [m?: | 6.4 |Tota| roof area to the outside

INTERNAL HEAT GAINS - Penthouse room
[LIGHTING]

Heat added based on zonesize [W]: 348
[TECHNICAL EQUIPMENT]

Heat added based on zonesize [W]: 44
[PEOPLE]

Heat added based on zonesize [W]: 87

VARIABLE VENTILATION (VAV) - Double room

VARIABLE VENTILATION (VAV) - Penthouse room

[AIR VOLUME]

Max airchange rate in operating hours [m¥h m?: | 11

Airchange rate based on area: 479 m¥h

Min airchange rate in operating hours [m¥h m?: | 7

Airchange rate based on area: 305 m*h

[AIR VOLUME]

Max airchange rate in operating hours [m*h m?: 10 Airchange rate based on area: 247 m*h
Min airchange rate in operating hours [m*h m?: 7 Airchange rate based on area: 173 m*h
[COMPONENTS]

Max Capacity Heating battery [W/m?]: 2 Airchange rate based on area: 49 m¥h
Max capacity Cooling battery [W/m?: 2 Airchange rate based on area: 49 m*h

[COMPONENTS]
Max Capacity Heating battery [W/m?]: 2 Airchange rate based on area: 87 m*h
Max capacity Cooling battery [W/m?: 2 Airchange rate based on area: 87 m¥h




ODD@ﬂdix 183 NooorcLMATE / SIMIEN RESULTS

SIMULATION SETUP
The following are the simulation setups used to analyse the indoor climate in each apartment.
INDOOR CLIMATE SUMMER
[SIMULATION DATA]
Roomtemperature at simulation start [°C]: | 19 Default
Simulation date: July 20 | Default
Number of simulated days: 20 Max
[INDOOR CLIMATE]
Clothing: 0.5 0.3 = Shorts & T-shirt, 1.5 = Jeans, shirt & jacket
Activety level: 1 0.8 = sit and relax, 2.0 = standing middle activity
[CLIMATE DATA]
Use temperature data: n50 Shows maximum temperature below 50 hours
INDOOR CLIMATE WINTER
[SIMULATION DATA]
Roomtemperature at simulation start [°C]: | 19 Default
Simulation date: January 16 | Default
Number of simulated days: 20 Max
[INDOOR CLIMATE]
Clothing: 1 0.3 = Shorts & T-shirt, 1.5 = Jeans, shirt & jacket
Activety level: 1 0.8 = sit and relax, 2.0 = standing middle activity
SIMULATION RESULTS
RESULTS SUMMER
Single Double Penthouse Totals
East | West | East | East | West
Maximum room temperature [°C]: 25 25 25 25 25 |25
Maximum operative temperature [°C]: 278 | 278 | 277 | 298 | 29.7 |29.8
Maximum CO2 concentration [PPM]: 562 562 562 562 562 | 562
Max effect cooling battery [W/m?: 39 38 33 31 345 |39
Installed effect capacity cooling battery [W/m?; 39 38 33 31 35 |39
RESULTS WINTER
Single Double Penthouse | Totals
East | West | East East | West
Minimum room temperature [°C]: 19 19 19 19 19 119
Maximum operative temperature [°C]: 19.3 19.3 19.1 19.9 20 |20
Maximum CO2 concentration [PPM]: 559 559 559 559 559 | 559
Max effect heating battery [W/m2]: 13.1 13.1 13.1 13.2 13.2 |13.2
Installed effect capacity heating battery [W/m?): 14 14 14 14 14 |14
Maximum effect heating system [W/m?: 211 211 22 213 | 212 |22
Installed effect capacity heating system [W/m?; 22 22 22 22 22 |22




Graphs for Double room summer

Temp. [C]
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Temperatures

DK

N

Time [h]
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1 Outdoor air temperature

2 Indoor air temperature

3 Indoor operation temperature

4 Supplied air temperature (ventilation)

The indoor air temperature never go above 25 °C and max between
1pm and 8pm.

PPD index

2 2 \J 1 1 1
2 2 2 = Time [h]
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 Percentage not satisfied with indoor temperature

2 Percentage not satisfied with CO2 level

Max 33% (avg. 10%) is not satisfied with the indoor temperature.
Max 6% (avg. 3%) is not satisfied with the indoor co2 level.
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1 Internal Loads
Heating
3 Heating battery (Ventilation)
4 Cooling
5 Cooling battery (Ventilation)
6 Sun heating

-

The sun, internal loads and cooling batteries from ventilation is the
heat gain sources during summer. Heating and heating batteries are
not active in summer time.

CO2 concentration

N

Time [h]
01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

1 CO2 concentration indoor air

2 CO2 concentration outdoor air

The CO, concentration stays well below 800 and max at 562PPM at
7am just before the ventilation system goes into operational hours.
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1 Infiltration

Supplied air from natural ventilisation
3 Supplied air from ventilation (VAV)

Between 7am and 5am most of the supplied air comes from natural
ventilation. The rest of the day only mechanical ventilation is used.

Relative Humidity

Time [h]
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1 Relative humidity indoor air

Maximum humidity: 67%

Minimum humidity: 51%

Average humidity: 57%




Graphs for Double room winter

Temp. [C] Temperatures
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1 Outdoor air temperature

2 Indoor air temperature

3 Indoor operation temperature

4 Supplied air temperature from ventilation system (VAV)

The indoor air temperature never go below 19 °C.

PPD index

z B z z Time [h]
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 Percentage not satisfied with indoor temperature
2 Percentage not satisfied with indoor CO2 level

Max 45% (avg. 28%) is not satisfied with the indoor
temperature.
Max 6% (avg. 3%) is not satisfied with the indoor co2 level.
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1 Internal loads

Heating
3 Heating batteries (ventilation)
4 Sun heating

Internal loads, heating, heating batteries from ventilation
and sun heating is the sources of heat gains during winter. No
cooling is used in winter time.

CO2 konsentrasjon
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1 CO2 consentration indoor air
2 CO2 consentration outdoor air

The CO, concentration stays well below 800 and max at
559PPM at 7am just before the ventilation system goes into
operational hours.
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1 Infiltration

Supplied air from natural ventilation

3 Supplied air from ventilation (VAV)
There is no natural ventilation during winter time. The
mechanical ventilation has operation hourse between 7am

and 11pm, but is always running.

Supplied Air
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Relative humidity
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0 Time [h]
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1 Relative humidity indoor

Maximum humidity: 7%
Minimum humidity: 5%
Average humidity: 6%



Temp. [C] Dew point and surface temperatures on windows
3 3 3
17 3 3 Lzl

T L 1
1 1 1 1 Time [h]
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

1 Dew point temperature for indoor air
Surface temperature Top Window on South Facade
3 Surface temperature Bottom Window on South Facade

Surface temperature windows: Min 16 °C / Max 18 °C
Dew point temperature indoor: Min -21 °C / Max -17 °C

Monthly temperature data (air temperature)
Month Mean out Max out  Min out Mean inside  Max inside Min inside
January -7,0 °C 54°C -21,0C 20,4 °C 21,0 °C 19,0 °C
February -5,8 °C 6,9 °C -20,6 °C 20,4 °C 21,2 °C 19,0 °C
March -0,7 °C 10,4 °C -13,3°C 20,5 °C 21,8 °C 19,0 °C
April 4,0 °C 153°C -79°°C 21,5 °C 23,4 °C 19,4 °C
May 10,6 °C 235°C -1,3°C 23,2 °C 25,0 °C 20,6 °C
June 15,3 °C 273°C 42<C 24,0 °C 25,0 °C 22,2 °C
July 16,5 °C 272°C 52<C 24,3 °C 25,0 °C 22,8 °C
August 14,7 °C 246°C 2,6 C 23,6 °C 25,0 °C 22,3 °C
September 9,4 °C 199°C -04 °C 22,2 °C 24,2 °C 20,4 °C
October 5,4 °C 157°C -39 °C 20,9 °C 22,2 °C 19,2 °C
November -1,0 °C 86°C -11,1C 20,5 °C 21,0 °C 19,0 °C
December -6,0 °C 6,2°C -19,9 °C 20,4 °C 21,0 °C 19,0 °C

This is a table showing the average, max and minimum temperatures.
The minimum temperature of 19 °C occurs between November and
March, while the maximum temperature of 25 °C occurs between May
and August.



Opp@ﬂdiX 1€ ENERGY CONSUMPTION / SIMIEN INPUT

These are the inputs used for Simien when doing the different analysis.

See [Appendix 25] for the

full excel sheet with the calculations of the

buildings different floor, roof, wall and window areas.

ENERGY SIMULATION IN SIMIEN

CLIMATE AREA INNPUT DATA FOR ENERGY SOURCES
Place: Kongsberg [ELECTRICITY]
Latitude [°]: 59° 24 System efficiency: 0.9 middle system value
Longitude [°]: 9°22 System effect factor cooling: 25 air to air cooling, smaller larger aggregate
Middle temp. dim summer [°C]: 214 Energy price [Kr/Kwh]: 08 Base value [NOT USED]
Middle temp. dim winter [°C]: -25.9 C02 emissions [g/kWh]: 395 Base value
Year middle temperature [°C]: 47 Room heating [%]: 8 Amount of heating coming from electricity
Middle horizontal sunflux [W/m?]: | 110.3 Heating of tapwater [%]: 8 Amount of heating coming from electricity
Year middel wind speed [m/s]: 16 Heating batteries ventilation [%]: 8 Amount of heating coming from electricity
[SIMIEN, 2012] Cooling batteries ventilation [%]: 100 Amount of cooling coming from electricity
Local cooling (room cooling) [%]: 100 Amount of cooling coming from electricity
PROJECT DATA AND BUILDING CATHEGORY El. specific energy need [%]: 80 El specific energy use for lighting, equipment, fans & pumps.
Building cathegory: Hotel [SUN]
Effect ligthing [W/m?]: 8 System efficiency: 9 Middle temperature sun cathcers
Effect equipent [W/m?: 1 System effect factor cooling: 25 air to air cooling, smaller larger aggregate
Ventilation [m*/m?h]: 10/3 in operating hours/outside operating hours Energy price [Kr/Kwh]: 08 Base value [NOT USED]
Effect tapwater [Wim?): 34 €02 emissions [g/kWhi: 0
Heatgains per person [W/m?]: 2 Room heating [%]: 0 Amount of heating coming from sun
Room temperature [C°]: 2119 in operating hours/outside operating hours Heating of tapwater [%]: 0 Amount of heating coming from sun
Operation hours internal loads: 16/7/52 hours/days/weeks of the year Heating batteries ventilation [%]: 0 Amount of heating coming from sun
Working hours people: 24/7/52 hours/days/weeks of the year Cooling batteries ventilation [%]: 0 Amount of heating coming from sun
Operation hours ventilation: 16/7/52 hours/days/weeks of the year Local cooling (room cooling) [%]: 0 Amount of heating coming from sun
[TEK10, 2012] & [NS 3031:2007] El. specific energy need [%]: 20 El specific energy use for lighting, equipment, fans & pumps.
[GEO THERMAL HEATING]
INNPUT DATA FOR ROOM/ZONE System efficiency: 0.92
Name: Hotel Data for the whole hotel System effect factor cooling: 25 air to air cooling, smaller larger aggregate
Heated floorarea [m?]: 7068.6 Square meters of heated floor area Energy price [KrKwh]: 08 Base value [NOT USED]
Heated air volume [m?]: 21206 Cubic meters of heated air volume CO2 emissions [gkWh: 2 fens, 2012]
[INFILTRATION] Room heating [%]: 92 Amount of heating coming from geo thermal heating
Airchange at 50Pa [1/h]: 15 Leaked airchanges pr. h. preassure difference of 50Pa Heating of tapwater 4] 92 Amount of heating coming from geo hermal heafing
Airchange at normal state foms/hl o1t Caloulated based on model in program Heating batteries ventilation [%]: 92 Amount of heating coming from geo thermal heating
Screening class: Moderate | Building in countryside with threes or other buildings
Facade situation: Default More than one wind exposed facade [forced] Cooling batteries ventilation [%]: 0 Amount of heating coming from geo thermal heating
[OTHER] Local cooling (room cooling) [%: 0 Amount of heating coming from geo thermal heating
Heat capacily (WhiFK] ! Medium furnitured room El. specific energy need [%]: 0 El specific energy use for lighting, equipment, fans & pumps.
Operating: All days

Normalized coldbridge value [W/K/m?: | 0.05

Building with bearing structure of wood

[SIMIEN, 2012]

[SIMIEN, 2012]

8% of the energy in a geo thermal energy plant is electrical energy used to run the pumps, thus only 92% of the
heating is set to be covered by geo thermal heating. [ens, 2012] [conserve, 2012] [geotermisk, 2007]

30% of the lighting energy comes from the sunlight in the hybrid lighting system. With lighting covering 66.7% of the
El. specific energy it means that the sunlight in the hybrid system covers 20% of the total el. specific energy need.
[APPENDIX: Hybrid daylight saving calculation] [NS 3031, Appendix A:2007] & [TEK10]



FACADE TO THE NORTH
Total area including windows [m?]: 2475
Construction U value [W/mK]: 0.18 [Wall2], 0.18 max, 0.22 individual max
Heat storage of inner layer [Wh/mK]: 13 [Wall2]
Orientation [°]: 30° 0=North, 180=South (Based on an average)
[WINDOWS WITH OVERHANG]
Number of windows: 1
Window width incl. frame [m]: 20.22 Based on total area of 60.66m?
Window height incl. frame [m]: 3 Based on room height
Area share of frame: 0.10 10% of total window area is the frame
Depth of overhang above window [m]: 0.5
Distance from window top [m]: 0 Distance between top of window and the overhang
[WINDOWS WITHOUT OVERHANG]
Number of windows: 1
Window width incl. frame [m]: 28.5
Window height incl. frame [m]: 3 Based on room height
Area share of frame: 0.10 10% of total window area is the frame
[HEAT LOSS PROPERTIES]
U-value window [W/m2K]: 0.5 3 glass layers, kryptongass, 2 low emissivity coating
U-value frame [W/mK]: 0.65 Superisolated woodframe, warmedge (superspacer)
Coldbridge border zone [W/mK]: 0.03
Totat U-value whole window [W/mK]: 0.54 U-value for window and frame combined
[HEAT GAIN PROPERTIES]
Sunscreening type: Adjustable | Outside screen, 3-layer glass, 1 energy glass
Sun factor in activated position: 0.04 4% light let into the room
Sun factor in non-activated position: 0.40 40% light let into the room
Sun screening controll: Manual Activated by sunflux given in NS 3031

Horisont
700 54° 2% 18° O 18" 350 .
F —1 T —_" A
" _'_,_--""_'-_'__'__ _\__\__\_-\""\-\.\_ 2
E":f:j . __,___Hu::,@hc'
| ——1 || NN
st A T By A
__.-"---_o-""-'_.-_'-_,__,— _____h"“‘-_,_h“'mh“ "l
E3" .-"-:::-"'—"-'_.-_'—_o—-'_ ‘—-—:EEHH:\\: e
T R s
45 .-"'___.--’"'-P.__,—F | H"“-n.:a\
|1 -]
g™ iy Y el
E | --l"'-- '-J-_-_'J-....
'|___. . | .1E|:|

This diagram shows the amount of the horizon that is covered by
mountains or other buildings, the blue dots is the clear sky and the
black dots are area covered by obstacles.



FACADE TO THE EAST
Total area including windows [m?: 315.6
Construction U value [W/mK]: 0.18 [Wall2], 0.18 max, 0.22 individual max
Heat storage of inner layer [Wh/m*K]: | 13 [Wall2]
Orientation [°]: 120° 0=North, 180=South (Based on an average)
[WINDOWS]
Number of windows: 1
Window width incl. frame [m]: 65.19
Window height incl. frame [m]: 3 Based on room height
Area share of frame: 0.10 10% of total window area is the frame
[HEAT LOSS PROPERTIES]
U-value window [W/m?K]: 0.5 3 glass layers, kryptongass, 2 low emissivity coating
U-value frame [W/m?K]: 0.65 Superisolated woodframe, warmedge (superspacer)
Coldbridge border zone [W/mK]: 0.03
Totat U-value whole window [W/mK]: | 0.54 U-value for window and frame combined
[HEAT GAIN PROPERTIES]
Sunscreening type: Adjustable | Outside screen, 3-layer glass, 1 energy glass
Sun factor in activated position: 0.04 4% light let into the room
Sun factor in non-activated position: [ 0.40 40% light let into the room
Sun screening controll: Manual Activated by sunflux given in NS 3031

Harisont
. 36° 18° 0% 18* ape
720 e 540 2t
" — | || - !
.-'"---_ﬂ-"‘_"d- | L T [
a1 T Iy
l—1~"] || H_““'“H-_
LT ERENANE
-1 -"'-"-'_._-::—'-‘_ "——\_-\_\-H-\' [-]
a5 AT NngN Q 54
: || -
L T ::35‘
R . 27 W W
| A5 2 4g o :: .1Er.||

a0

s
=1}
—

This diagram shows the amount of the horizon that is covered by
mountains or other buildings, the blue dots is the clear sky and the
black dots are area covered by obstacles.



FACADE TO THE SOUTH

Total area including windows [m?: 859.5

Construction U value [W/mZK]: 0.18 [Wall3], 0.18 max, 0.22 individual max

Heat storage of inner layer [Wh/m?K]: 13 [Wall3]

Orientation [°]: 210° 0=North, 180=South (Based on an average)
[WINDOWS WITH OVERHANG]

Number of windows: 1

Window width incl. frame [m]: 156.83

Window height incl. frame [m]: 3 Based on room height

Area share of frame: 0.10 10% of total window area is the frame

Depth of overhang above window [m]: 0.5

Distance from window top [m]: 0 Distance between top of window and the overhang
[WINDOWS WITHOUT OVERHANG]

Number of windows: 1

Window width incl. frame [m]: 56.75

Window height incl. frame [m]: 3 Based on room height

Area share of frame: 0.10 10% of total window area is the frame
[HEAT LOSS PROPERTIES]

U-value window [W/m?K]: 0.5 3 glass layers, kryptongass, 2 low emissivity coating
U-value frame [W/m?K]: 0.65 Superisolated woodframe, warmedge (superspacer)
Coldbridge border zone [W/mK]: 0.03

Totat U-value whole window [W/mK]: 0.54 U-value for window and frame combined
[HEAT GAIN PROPERTIES]

Sunscreening type: Adjustable | Outside screen, 3-layer glass, 1 energy glass
Sun factor in activated position: 0.04 4% light let into the room

Sun factor in non-activated position: 0.40 40% light let into the room

Sun screening controll: Manual Activated by sunflux given in NS 3031
[DOORS]

Area entrance doors [m?: 5

U-value entrance doors [W/mK]: 0.8

Area blacony doors [m?: 119

U-value balcony doors [W/mK]: 0.8
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This diagram shows the amount of the horizon that is covered by
mountains or other buildings, the blue dots is the clear sky and the
black dots are area covered by obstacles.



FACADE TO THE WEST ROOF APARTMENTS

Total area including windows [m?]: 197.7 Total area including windows [m?]: 941

Construction U value [W/m2K]: 0.18 [Wall2], 0.18 max, 0.22 individual max Construction U value [W/m*K]: 0.18 | [Roof1], 0.13 max, 0.18 individual max

Heat storage of inner layer [Wh/m?]: | 13 [Wall2] Heat storage of inner layer [Wh/m?K]: | 13 Medium heavy ceiling

Orientation [°]: 300° 0=North, 180=South (Based on an average) Roof pitch angle [°]: 0 0°=flat, 60°=steep

[WINDOWS] Orientation [°]: 180° | 0=North, 180=South [don't count due to flat roof]

Number of windows: 1

- — ROOF REST
Window width incl. frame [m]: 42.57 - - -
- — - Total area including windows [m?: 1154.5

Window height indl. frame [m]: 3 Based on room height Construction U value [W/mK]; 009 | [Roof2], 0.13 max, 0.18 individual max

Area share of frame: 0.10 10% of total window area is the frame - - —
Heat storage of inner layer [Wh/m?K]: | 63 Heavy ceiling

[HEAT LOSS PROPERTIES] Roof pitch angle [°]: 0° 0°=flat, 60°=steep

U-value window [W/m*K]: 0.5 3 glass layers, kryptongass, 2 low emissivity coating Orientation [°]: 180° 0=North, 180=South [don't count due to flat roof]

U-value frame [W/m?K]: 0.65 Superisolated woodframe, warmedge (superspacer)

Coldbridge border zone [W/mK]: 0.03 ROOF GLASS

Totat U-value whole window [W/mK]: | 0.54 U-value for window and frame combined Total area including windows [m?]: 174.24 | Minimum equal to windows area

[HEAT GAIN PROPERTIES] Construction U value [W/m*K]: 0.01 Not used as whole area will be window

Sunscreening type: Adjustable | Outside screen, 3-layer glass, 1 energy glass Heat storage of inner layer [WhimK]: | 2.4

Sun factor in activated position: 0.04 4% light let into the room RO.Of P“fh 329“9 [ 0° _ 0°=flat, 60°=steep ’

Sun factor in non-activated position: 0.40 40% light let into the room Or‘|entat|on b 180 0=North, 180=South [don't count due o flat o]

- - - — Window area [m?]: 174.24

Sun screening controll: Manual Activated by sunflux given in NS 3031 ‘Area share of frame: 0.05 5% of the window area is frame
[HEAT LOSS PROPERTIES]
U-value window [W/m?K]: 05 3 glass layers, kryptongass, 2 low emissivity coating
U-value frame [W/m?K]: 0.65 Superisolated woodframe, warmedge (superspacer)

. Coldbridge border zone [W/mK]: 0.03
Horisont Totat U-value whole window [W/mK]: [ 0.57 U-value for window and frame combined

[HEAT GAIN PROPERTIES]
Sunscreening type: Fixed 3 glass layers, 2 of them energy saving glass
Sun factor in non-activated position: | 0.45 45% light let into the room

This diagram shows the amount of the horizon that is covered by
mountains or other buildings, the blue dots is the clear sky and the
black dots are area covered by obstacles.

or Roof1 and Roof2 details, see Rockwool chapter.
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FLOOR APARTMENTS

Floor type: On ground

Total floor area [m?]: 941.5

Outer circumference [m]: 128 Length of walls leading to the outside

Thickness foundation [m]: 0.3

Construction U-value [W/mK]: 0.15 [Floor1]

Heat storage of inner layer [Wh/m*K]: | 13 Medium heavy floor

Soil conditions: Rock

Thermal Condictivity of rock [W/mK]: | 3.5

Heat capasity [Wh/m3K] 556

Edge insulation direction: Vertical

Insulation depth/width [m]: 0.6

Insulation U-value [W/mK]: 0.03 50mm XPS

Equivalent U-value [W/m?K]: 0.11 0.15 max, 0.18 individual max
FLOOR REST

Floor type: On ground

Total floor area [m?); 1849

Outer circumference [m]: 110 Length of walls leading to the outside

Thickness foundation [m]: 0.3

Construction U-value [W/mK]: 0.10 [Floor2]

Heat storage of inner layer [Wh/m*K]: [ 63 Heavy floor

Soil conditions: Rock

Thermal Condictivity of rock [W/mK]: | 3.5

Heat capasity [Wh/m3K] 556

Edge insulation direction: Vertical

Insulation depth/width [m]: 0.6

Insulation U-value [W/mK]: 0.034 50mm XPS

Equivalent U-value [W/m?K]: 0.06 0.15 max, 0.18 individual max

MOUNTAIN SURFACES - (All threated as floor to ground)

Floor type:

On ground

Total floor area [m?]:

1925.5

Wall, floor and roof areas of natural rock surface

Outer circumference [m]: 197 Length of walls leading to the outside

Thickness foundation [m]: 1 Estimated thickness of insulating part of the rock
Construction U-value [W/m3K]: 0.36 [Floor 3]

Heat storage of inner layer [Wh/m*K]: | 63 Heavy floor

Soil conditions: Rock

Thermal Condictivity of rock [W/mK]: | 3.5

Heat capasity [Wh/m3K] 556

Equivalent U-value [W/m?K]: 0.18 0.15 max, 0.18 individual max




INTERNAL HEAT GAINS - (for all rooms)
[LIGHTING]
Middle effect [W/m?): 8/0 Inside/Outside operating hours [TEK10]
Heat gains: 100%
Heat added based on zonesize [kW]: 56.5
Operating hours: 7am/11pm | Starting/Stopping
[TECHNICAL EQUIPMENT]
Middle effect [W/m?]: 110 Inside/Outside operating hours [TEK10]
Heat gains: 100% The entire effect goes to heat
Heat added based on zonesize [kW]: 7.069
Operating hours: 7am/11pm | Starting/Stopping
[TAP WATER]
Middle effect [W/m?): 3.4 [TEK10] value for hotels
Yearly energy use for water heating [kWh/m?]: | 29.8
[PEOPLE]
Middle effect [W/m?): 2 Always operating [TEK10]
Heat gains: 100% The entire effect goes to heat
Heat added based on zonesize [kW]: 14.1

Values for pool water etc. is not included as the tap water value is calculated according to standard per m? for
hotels.

VARIABLE VENTILATION (VAV) - (for all rooms)
Keep CO2-value below [PPM]: 800
Keep indoor air temperature below [°C]: 25 Maximum allowed indoor air temperaure
[AIR VOLUME]
Max airchange rate in operating hours [m¥hm?: " 77755 m*h based on area
Min airchange rate in operating hours [m3hm?: 7 49480 m?h based on area
Airchange rate outside operating hours [m*hm?: 2 (Minimum from NS3031), 14137 m3h
Airchange rate weekends/vacations [m*hm?: 2 NOT USED (operating all days)
SFP-factor fans (at max airchange rate) [kW/m3/s]: | 1.5 [SIMIEN]
[SUPPLIED AIR TEMPERATURE]
Normal supplied air temperature [°C]: 19
Summertime supplied air temperature [°C]: 17
First summer month: May
Last summer month: August
Operation hours: 7am/11pm | Starting/Stopping
[COMPONENTS]
Max Capacity Heating battery [W/m?: 14 Based on indoor climate analysis
Delta-T waterside for water heating [K]: 30
Specific pump effect [kW/(I/s)]: 0.5
Max capacity Cooling battery [W/m?: 39 Based on indoor climate analysis
Delta-T waterside for water cooling [K]: 6
Specific pump effect [kW/(I/s)]: 0.6
Temperature efficiency of Heat exchanger: 0.85 85% (Minimum req. is 80%) [TEK10]

[SIMIENX, 2012] http://www.programbyggerne.no/SIMIEN/eksempel



NATURAL VENTILATION - (for all rooms)
Opening area [m?: 1.75

Opening height [m]: 2
Number of openings: | 68 One for each apartment

First operating month: | May

Last operating month: | September
Start operating hour: | 7am

End operating hour: 5pm
Air change rate is controlled by outdoor temperature and wind speed according to EN 15242.
Only natural ventilation for apartments has been added since the actualt openable door areas of other parts has not been designed.

HEATING - (for all rooms)
Maximum given effect [W/m?): 22 Max effect based on area: 155.5 kW
Convective portion of the heat output: | 0.8 [SIMIENX]
[HYDRONIC HEATING]

Flow temperature [°C]: 70 [GEOTERMISK, 2007] temp water inn
Return temperature [°C]: 40 [BE10 vejledning.pdf] temp water out
Specific pump effect (SSP) [kW/(I/s)]: | 0.5

Set point in operating hours [°C]: 21 [TEK10] maximum temp while heating = 22
Set point outside operating hours [°C]: [ 19 [TEK10] minimum temp

Start operating hour: 7am

End operating hour: 11pm

Running in summer: No Yes/No [No heating need during summer]




ODD@ndix () ENERGY CONSUMPTION / SIMIEN /RESULT

RESULTS - YEAR SIMULATION OF ENERGY USAGE

Energy Budget Delivered energy to building (Estimated)

Energy post Energy need Specific energy need Energy type Delivered Energy Specific

1a Room heating 99185 kWh 14,0 kWh/m2 1a Direct el. 412347 kWh 58,3 kWh/m?
1b Ventilation heating (heat batteries) 77714 kWh 11,0 kWh/m? 1b El. Heat pump 0 kWh 0,0 kWh/m?2
2 Hot water (tap water) 210622 kWh 29,8 kWh/m? 1c Sun energy 10196 kWh 1,4 kWh/m?
3a Fans 82006 kWh 11,6 kWh/m? 2 Qil 0 kWh 0,0 kWh/m2
3b Pumps 5175 kWh 0,7 kWh/m2 3 Gas 0 kWh 0,0 KWh/m?2
4 Lighting 330332 kWh 46,7 kWh/m? 4 District heating 0kWh 0,0 kWh/m2
5 Equipment 41291 kWh 5,8 kWh/m? 5 Biofuel 0 kWh 0,0 kWh/m2
6a Room cooling 0kWh 0,0 kWh/m2 Geo Thermal heating 387522 kWh 54,8 kWh/m?2
6b Ventilation cooling (cooling batteries) 27142 kWh 3,8 kWh/m? Total delivered energy, sum 1-6 810064 KWh 114,6 kWh/m2
Total netto energy need, sum 1-6 873468 kWh 123,6 kWh/m2

Yearly energy budget Delivered energy to building (Estimated)
1a Direct el. 50,9 %
Tap water 24,1 % 1b Ventilation heating 8,9 %
1a Room heating 11,4 %
Fans 9,4 %
6b Ventilation cooling 3,1 % 1c Sun energy 1.3 %
3b Pumps 0,6 %
5 Equipment 4,7 %
4 Lighting 37,8 % Geo thermal energy 47,8 %

1a Room heating 99185 kWh 1a Direct el. 412347 KWh
1b Ventilation heating (heat batteries) 77714 kWh 1b El. Heatpump 0 kWh
2 Hot water (tap water) 210622 kWh 1c Sun energy 10196 KWh
3a Fans 82006 kWh 2 0il 0 kWh
3b Pumps 5175 kWh 3 Gas 0kWh
4 nghvtlng 330332 kWh 4 District heating 0kWh
5 Equipment 41291 kWh 5 Biofuel 0 kWh
22 \F/{:stri'ra(t:i?)zhggoling (cooling batteries) 27142 Ew: S el e e
Tolal net snergy need, sum 1-6 873468 kWh Total delivered eneryi, sum 1-6 810064 kWh

[kWh]
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Heatloss budget (heat loss values)

Heatloss windows/doors 17,0 %

Heatloss floor 12,4 %

Heatloss cold bridges 7,6 %

Heatloss roofs 5,8 %

Heatloss external walls 1,5 %

Heatloss infiltration 15,7 %

Heatloss ventilation 40,0 %

Heatloss external walls 0,01 W/m2K
Heatloss roofs 0,04 W/m2K
Heatloss floor to ground/free air 0,08 W/m2K
Heatloss glass/windows/doors 0,11 W/m2K
Heatloss cold bridges 0,05 W/m2K
Heatloss infiltration 0,10 W/m2K
Heatloss ventilation 0,26 W/m2K
Total heatloss value 0,66 W/m2K
Airchange volume [m*/h/m?] Duration airflow VAV-system [kW] Duration effect cooling and heating
11.0
160
140
10.0
120
100
9.0
80
60 ‘
8.0 40
| RN
7.0 Time [h] 0 \ N Time [h]
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000

1 Duration airflow (in operation time) 1 Duration curve heating system
2 Duration curve heat batteries (ventilation)
3 Duration curve cooling batteries (ventilation)



apprendix

2-! ENERGY CONSUMPTION / SIMIEN /RESULT 2

EVALUATION TOWARD TEK10 BUILDING REGULATIONS &NS3700

INPUTS OF EVALUATION TOWARDS TEK10 REQUIREMENTS
Evaluation towards: TEK10 | (TEKO7/TEK10)
Reduced effect lighting [W/m?]: 6.4 -20% from steering system [NS3031] [SIMIEN]
RESULTS FROM EVALUATION
Energy measures: The building satisfies the requirements for energy measures in paragraph § 14-3
Heat loss frame: The building satisfies the requirements for heat loss figures according to § 14-3
Energy frame: The building satisfies the energy frame according to § 14-4
Minimum req.: The building satisfies the minimum requirements in § 14-5
Airchange rate vent.: The airchange volume satisfies the minmum req. given in NS3031:2010 (Table A.6)
Energy supply: The building satisfies the requirements for energy supplies in § 14-7
Overall evaluation: The building satisfies the energy requirements in the building regulations.
ENERGY MEASURES

REQ. VALUE
Total glass-, window and door area according to user area [%)]: 20 19.9
U-value exernal walls [W/m?K]: 0.18 0.18
U-value roof [W/m2K]: 0.13 0.13
U-value floor toward ground and to the outdoor [W/mK]: 0.15 0.12
U-value glass/windows/doors [W/m*K]: 1.2 0.56
Normalized cold bridge value [W/m2K]: 0.06 0.05
Leakage value (tightness at 50 Pa preassure difference) [Airchanges per h.]: 15 15
Yearly average temperature efficiency of heat recovery in ventilation [%]: 80 85
Specific fan effect (SFP) [kW/m?/s]: 2 1.5

REDISTRIBUTION ENERGY MEASURES

REQ. VALUE
Heat loss figures external walls: 0.01 0.01
Heat loss figures roof: 0.04 0.04
Heat loss figures floor on groun/to the outdoor: 0.1 0.08
Heat loss figures glass/windows/doors: 0.24 0.11
Heat loss figures cold bridges: 0.06 0.05
Total heat loss figures: 0.45 0.29

ENERGY FRAME (§ 14-4, Total net energy need)
Total estimated energy need: 17.5 kWh/m?
Regulatory requirements: 220.0 kWh/m?
MINIMUM REQUIREMENTS (§ 14-5)

REQ. VALUE
U-value external walls [W/mK]: 0.22 0.18
U-value roof [W/m2K]: 0.18 0.13
U-value floor to ground or to the outdoor [W/mK]: 0.18 0.12
U-value glass/windows/doors [W/m*K]: 1.6 0.56
Leakage value (Air tightness at 50 Pa preassure difference) [Airchanges per h]: 3 1.5
Heat loss figures glass/windows/doors: 0.24 0.11

ENERGY SUPPLY (§ 14-7)

REQ. VALUE
Share of heat need covered by other sources than direct electricity or fosil fuels: 60% 96%
Oil fired boiler as the base load: No No




appren JiX 27 ENERGY CONSUMPTION /SIMEN /RESULT 3

EVALUATION TOWARDS NS3700 LOW ENERGY HOUSE CLASS T

RESULTS FROM EVALUATION

Heat loss frame: The building satisfies the requirements for heat loss figures

Energy performance: | The building satisfies the energy performance requirements

Minimum req.: The building satisfies the minimum requirements for individual components

Airchange rate vent.: | The airchange volume satisfies the minmum req. given in project report 42 (Table2)

Overall evaluation: The building satisfies all the requirements for low energy houses

HEAT LOSS BUDGET

Heat loss figures external walls: 0.01
Heat loss figures roof: 0.04
Heat loss figures floor to ground/ floor to outdoor: | 0.08
Heat loss figures glass/windows/doors: 0.1
Heat loss figures cold bridges: 0.05
Heat loss figures infiltration: 0.1

Heat loss figures ventilation: 0.26
Total heat loss figures: 0.66
Requirement for heat loss figures: 0.85

ENERGY PERFORMANCE
REQ. | VALUE

Net Heating need [(kWh/m?]: | 50 28.9
Net Cooling need [kEh/m?]: [ 15 6.8

CO, emission [kg/m?: 55 42

MINIMUM REQUIREMENTS INDIVIDUAL COMPONENTS

REQ. | VALUE
U-value external walls [W/m2K]: 0.18 0.18
U-value roof [W/mK]: 0.13 0.13
U-value floor to ground and to outdoor [W/m2K]: 0.15 0.12
U-value glass/windows/doors [W/m?2K]: 1.2 0.56
Normalized coldbridge value [W/m?K]: 0.05 0.05
Year average temperature efficiency of heat recovery for ventilation [%]: 70 85
Specific fan effect (SFP) [kW/m?/s]: 2 15
Leakage value (Air tightness at 50 Pa pressure difference) [air changes perh]: | 1.5 1.5




ODD@ﬂdi)\ 7 ENERGY CONSUMPTION / SIMIEN /RESULT 4

EVALUATION TOWARDS N53700 PASSIVE HOUSE

RESULTS FROM EVALUATION

Heat loss frame:

The building do not satisfy the requirements for heat loss figures

Energy performance:

The building do not satisfy the energy performance requirements

Minimum req.:

The building do not satisfy the minimum requirements for individual components

Airchange rate vent.:

The airchange volume satisfies the minmum req. given in project report 42 (Table2)

Overall evaluation:

The building do not satisfy all the requirements for passive houses

HEAT LOSS BUDGET

Heat loss figures external walls: 0.01

Heat loss figures roof:

0.04

Heat loss figures floor to ground/ floor to outdoor: | 0.08

Heat loss figures glass/windows/doors: 0.1
Heat loss figures cold bridges: 0.05
Heat loss figures infiltration: 0.1
Heat loss figures ventilation: 0.26
Total heat loss figures: 0.66
Requirement for heat loss figures: 0.65
ENERGY PERFORMANCE
REQ. | VALUE

Net Heating need [kWh/m?]: | 20 28.9

Net Cooling need [kEh/m?: 10 6.8

CO, emission [kg/m?]: 40 42
MINIMUM REQUIREMENTS INDIVIDUAL COMPONENTS
REQ. | VALUE

U-value external walls [W/mK]: 0.15 0.18
U-value roof [W/mK]: 0.13 0.13
U-value floor to ground and to outdoor [W/mK]: 0.15 0.12
U-value glass/windows/doors [W/m?K]: 0.8 0.56
Normalized coldbridge value [W/m?K]: 0.03 [0.05
Year average temperature efficiency of heat recovery for ventilation [%]: 80 85
Specific fan effect (SFP) [kW/m?/s]: 15 15
Leakage value (Air tightness at 50 Pa pressure difference) [air changes per h]: | 0.6 1.5




Jrren JiX Z 4] ENERGYCONSUMPTION,/ SIMIEN /RESULT 5

ENERGY EFFICIENCY RATING

Energy Grade ENERGY EFFECIENCY RATING

A <= 135 kWh/m?2 m—

B <= 202 kWh/m?

C <= 269 kWh/m?

D <= 321 kWh/m?2

E <= 373 kWh/m?

F <= 560 kWh/m?

G > 560 kWh/m?2

Share fosile/el. heating
>=825% <825% <65.0% <475% <30.0%

Estimated delivered energy normalized climate: 108 kWh/m?
Sum share el/oil/gas of net heating need: 8.0 %



appendix z& roraes

This is the excel file used to calculate and sum up the amount of different
floor, wall, roof and glass areas in the building. The data is used when
building the large model for simulation in Simien for different analysis.

WALLS FLOOR AREAS
629,4 Walls top floor m? 1st floor 1725,4 m?
wall n 21,2 63,6 2nd floor 1723,4 m?
wall e 29,1 87,3 3rd floor 1381,2 m?
wall's 21 63 4th floor 1472,9 m?
wall w 25,6 76,8 top floor 765,7 m?
wall g 0 area 7068,6 m?
glass n 34,3 102,9 volume 21205,8 m?
glass e 17 51
glass s 33 99 WINDOWS
glass w 28,6 85,8 7,413 per single
504,084 all flats
608,73 Walls 4th floor m? 60,66 shop hex n
rock walls 52,51 157,53 101,1 shop hex s
walls facing north 5,6 16,8 85,5 entrance s
falls facing east 5,7 17,1 63,9 entrance e
walls facing south 7,6 22,8 96,6 restaurant e
walls facing west 6 18 99,8 restaurant w
glass facing north 10,1 30,3 92,2 walkpath north
glass facing east 29,3 87,9 17,3 walkway e
glass facing south 66,1 198,3 16,3 walkway w
glass facing west 9,8 29,4
walls to ground 10,2 30,6 AREA
Roofl Rooms 941,514 m?
837,9 Walls 3rd floor m? Roof2 Rock 497,5 m?
rock walls 61,7 185,1 Roof3 Atrium 649,281 m?
walls facing north 15,2 45,6 Roof4d Glass 174,24 m?
falls facing east 13,6 40,8 Roof5 Restaurant 505,54 m?
walls facing south 68,2 204,6
walls facing west 7,5 22,5 GLASS
walls to ground 91,4 274,2 total overhang normal overhang minus doors
glass facing north 8,2 24,6 glassn 146,146 60,66 85,486
glass facing east 5,7 17,1 glass e 195,58
glass facing south 7,8 23,4 glass s 759,7524 589,5 170,2524 470,5
glass facing west 0 glass w 127,71
TOTALS
908,4 walls 2nd floor 1408,4284 area of glass m?
rock walls 113,7 341,1 7068,6 total area m?
walls facing north 0 19,9 % of glass area compared to floor area
falls facing east 15,3 45,9
walls facing south 70,8 212,4 FLOORS
walls facing west 3 9 wall+roof ROCK 1910,53
walls to ground 75,3 225,9 floor a 941,514
glass facing north 7,4 22,2 floor o 1826,561
glass facing east 9,5 28,5 floor t 2768,075
glass facing south 7,8 23,4
glass facing west 0 ADDED
171,5 26,2m wall
1133,7 walls 1st floor 60 15,5m wall
rock walls 1711 513,3 41,7
walls facing north 36 108 1925,5 1735,7
falls facing east 17,9 53,7
walls facing south 60,4 181,2
walls facing west 20 60
walls to ground 44,6 133,8
glass facing north 0
glass facing east 5,7 17,1
glass facing south 22,2 66,6
glass facing west 0
TOTALS
3453,63 ROCK 1197,03 m?
WALL N 247,5 m?
WALL E 315,6 m?
WALL S 859,5 m?
WALL W 197,7 m?
GLASS N 166,5 m?
GLASS E 130,8 m?
GLASS S 235,2 m?

See GLASS



appendix 26 oemiorons

D-1 Shows a joint where the lower element is between two stories,
while the two other elements connects to the outside balcony area.
D-2 Shows a joint internal between two moguls, and connection to the
concrete slab foundation leading to the ground.

D-1 - MOGUL CONNECTION EXTERNAL & INTERNAL

ROOF CLADDING 15MM

0SB PLATE (FIBRE WOOD) 20MM

ROCKWOOL FLEXI A—PLATE 30MM

36MM WOOD FRAME (CC60) / INSULATION 75MM
36MM WOOD FRAME (CC60) / INSULATION 75MM
ROCKWOOL SOUNDPLATE S0MM

WOOD PANEL 15MM

ROOF CLADDING 15MM
0SB PLATE (FIBRE WOOD) 20MM
ROCKWOOL FLEXI A—PLATE 30MM
36MM WOOD FRAME (CC60) / INSULATION 75MM
36MM WOOD FRAME (CC60) / INSULATION 75MM
ROCKWOOL SOUNDPLATE 50MM
SUSPENDED CEILINGS 300MM
WITH INSULATION 50MM

WOOD PANEL 15MM
ROCKWOOL SOUNDPLATE 50MM
36MM WOOD FRAME (CCE0)
36MM WOOD FRAME (CCB0)
ROCKWOOL SOUNDPLATE 50MM
WOOD PANEL 15MM

D-2 - MOGUL CONNECTION INTERNAL & SLAB TO GROUND

WOOD PANEL 15MM
ROCKWOOL SOUNDPLATE S5O0MM
36MM WOOD FRAME (CC60)
36MM WOOD FRAME (CC60)
ROCKWOOL SOUNDPLATE SO0MM
WOOD PANEL 15MM

WOOD PANEL 15MM
ROCKWOOL SOUNDPLATE 50MM
REINFORCED CONCRETE 84MM
INSULATION  149MM

ROCK

WOOD PANEL 15MM
ROCKWOOL SOUNDPLATE 50MM
REINFORCED CONCRETE 84MM
INSULATION  149MM

ROCK




appendix 2/ swwoows

These shadow analysis done in Ecotect shows buildings shading
during a day. A new shadow is cast every 30 minute thoughout the day.

21% of June, 30 minute steps from 07:00 to 17:00

21t of September, 30 minute steps from 08:00 to 16:30

21% of December, 30 minute steps from 09:45 to 14:45
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