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The territory of Trieste is composed of several different climate zones

1. Weather Analysis (General) 4 ¢ € 0 @@ cpuayats dents e st s e
2. Approach to Passive Building Facade — WiipaiaconyTiese]
a) C O me I’t A| m S The climate can be severely affected by the BOra, a north to northeast
. C katabatic wind that can reach speeds of up to 200 kilometers per hour.
b) Design Approach & Decisions

c) Passive Building Perfomance Summary o

£

Summer: Hot

(Within the comfort zone)

Winter: Cold & Wi”93>é

(not Within the
comfort zone) up to 200km/h

Index:

1. Temperature & Humidity
2. Solar Radiation

3. Wind & Rainfall

4. Ground Temperature

5. Psychrometry




Weekly Summary
Average Temperature (°C)
Location: Trieste, ITA (4577, 13.87)
Contfour Range: -1.13 - 50.00 °C

In Steps of 1.00°C

© Westher Tool

Temperature

The Triesten Climate has strong seasonal variations. The Summer
months can get very hot and humid due to the Mediterranean
climate, with its occasional strong storms. The winter months get
very cold and dry - especially with the up to 200km/h Bora wind
from the North - East

The temperature seems to stay within and around the comfort zone
® [Green] in the summer and solstices, however is significantly lower

in the winter. [Diagram 1b] In turn, it seems that the skin of the
building is going to have to focus on the control
of internal temperature in the winter.

The diurnal variations seem to be rather significant as
well. A thicker skin with high thermal mass might offset those tem-
perature to re-radiate (in the summer) the heat into the building
during the night.

In the winter however, a large amount of windows would be benefi-
cent to the buildings increase in the solar heat gain.

Diagram 1a: Weekly Temperatures
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Stereographic Diagram
Location: Trieste, [TA 345
Sun Position: 176.7°, 48.3°
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Diagram 3a: Average Wind Temperatures

Diagram 3b: Wind Frequency (Hrs)

Diagram 3c: Average Humidity

The diagrams show equal wind speeds from all directions throughout the year. However,
they ignore the Bora, which a typically 100 - 200km/h northern to north-easterly
wind that appears during the winter season. ItS purifies the air and it restores a
clear sky.

A more realistic trend would look something like this: [Diagram 3e]
This trend is visible in Diagram 3d below, which represents the weekly summary of wind

speeds. The wind increase at the end of the
year is clearly visible.

————————————————
-— In exception of this, the winds are relatively

Diagram 3¢ - Norh East Wind Speed (Year) o ynstant from all directions with a very slight

tendency to come from
the South-West,
[Diagram 3b] and with a
very slightly higher
humidity from the
South-East. [Diagram 3c]

Diagram 3d

summary:

a) Novemeber - March: ~ 1-200km/h North-easterly Bora Wind

b) Rest of the year: 10-15km/h (2.7m/s)
Equal from all orientations with slight South-
Westerly Tendency

¢) Wind temperatures from 100C to 200C ( Warmest coming from the
North-West)




Psychrometric Chart
Location: Trieste, ITA

Frequency: 1st January fo 31st December
Weekday Times: 00-:00-24:00 Hrs
Weekend Times: 00:00-24:00 Hrs

Barometfric Pressure: 101.36 kPa
B Weather Tool

—————————————

Psychrometry
& Comfort Zone

The Psychometry Chart shos the comfort Zone.
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The main weather conditions are located to its left. In order to make the building work.
Again this shows that this is happing mainly during the winter months and a little during
the summer.

The building performance should therefore focus the underheated winter conditions.

The comfort Zone sits within the 20 - 25°C and 5 to 12 kg/m3 AH, which is at the edge
of the acceptable humidity and around 50% RH (Peaks and troughs: 20-80% RH).

DAT{C)

Diagram 4b: Psychrometric Chart & Comfort Zone
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Comfort Aims
1 . Wea’[hel’ Aﬂalys 1S (Geﬂel’al) In order to have a comfortable indoor environment in the
: : passive scenario, the desired neutrality temperature (Tn) the
2. Passive Scenario corresponding outside mean temperature (To) the building
. can cope with is required.
a) ComfortAms ¢ ¢« € € @ @ @ @
. o As the body adaprts to the outside temperature throughout
b) DeS | g N ApprOaCh & DeC|S IONS the year, this value Tn changes with the seasonal climates,
which enables the building to use the outdoor weather con-

C) PaSS ive B U | |d | N g Pe rfo mance S umm ary ditions to its advantage throughout the year.




Passive Scenario

Comfort Aims;

Looking at the average temperature of the year, Tn should be around 22.250C throughout the

year. A seasonal split however, creates a clearer image of what it should be.

Spring: 22.1

Summer: 24.8 (hottest day: 25.29)
Autumn: 22.5

Winter: 19.4 (coldest day: 16.95)

Comfort Aims
Climate |
Month To.av (°C) Tn To.av (°C) Tn Season Trieste Temperatures are very low in winter and high in the summer. As you can see to the left, January is the coldest and July the hottest month with 4.50C and 23.90C.
Jan 4.5 19.2
Feb 4.9 19.3 The neutrality temperature for those months is calculated in detail below. The seasonal Neutrality temperature, are visible in table to the left [Diagram 7a]
Mar 9.3 20.7 the
QZ; 12'2 22411 138 221 They are calculated using the formula; Tn= 17.8 +0.31*To.av | Warmest Day of Jul I Coldest Day of — #NJ/A
Jun 21.5 24.5 Time To.av (°C) Tn Time To.av (°C) Tn
Jul 23.9 25.2 22.6] 248 . 00:00 24.6 25.4 00:00 -4 16.6
Aug 23.4 25.1 Peak and ’[I‘OUQhS. 01:00 24.4 25.4 01:00 -4.2 16.5
Sep 20.4 24.1 _ _ 02:00 24.3 25.3 02:00 -4.3 16.5
Oct 152 225 156 226 The table below [Diagram 7.b] shows the temperatures during J_uIy (hottest) and 0300 242 553 0300 a4 164
Nov 11.2 73 January (coldest) month of the year, and the peaks and troughs in those months. 04:00 24.3 253 04:00 45 16.4
Dec 6.3 19.8 52| 19.4 — 05:00 24.4 25.4 05:00 -4.7 16.3
GED 06:00 24.7 255 06:00 48 163
Tm 14.38 22.26 14.29 22.23 = Midday to 15:00 show to be the hottest times, while from 07:00 25.7 25.8 07:00 4.7 16.3
> 00:00 to 7:00 and 21:00 to 23:00 are below Tn. 08:00 27 26.2 08:00 -4.4 16.4
Min Max Month w 09:00 28.8 26.7 09:00 -4 16.6
Tn Max 22.7 27.7|Jul 10:00 30.1 27.1 10:00 -3.3 16.8
Tn Min 16.7 21.7lJan — . ] ) . 11:00 31.3 27.5 11:00 -2.4 17.1
D Between O.QO and 9.0Q (6.0Q be|r_lg the peak) are the 1.00 254 >7 8 1500 12 74
Diagram 7.a = coolest periods. There is no time in the day 13.00 324 578 13.00 0.7 176
= where To.av sits within the neutrality Temperature. 14-00 31.8 277 14-00 03 17.7
15:00 30.6 27.3 15:00 -0.2 17.7
16:00 29.9 27.1 16:00 -0.4 17.7
17:00 29.1 26.8 17:00 -1 17.5
Tn Min and Max are especially high during the summer (25.3 - 18:00 28.2 26.5 18:00 18 17.2
. . ! 19:00 27.4 26.3 19:00 2.1 17.1
30.30C) and relatively customary during the winter (13.8 - 18.80C). 50-00 26.5 6.0 50-00 50 17 1
21:00 25.6 25.7 21:00 -2.2 17.1
22:00 25 25.6 22:00 2.2 17.1
23:00 24.4 25.4 23:00 2.1 17.1
Tm |  27.38] 26.29 Tm -275| 16.95
Max Max
Tn Max 25.3 30.3 Tn Min 13.8 18.8
Diagram 7.b
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Design approaches and Decisions

1 . We at h e r An alys | S (G e n e ra |) The territory of Trieste is composed of several different climate zones
. . . depending on the distance from the sea and elevation. The average
2 Ap proac N to Passive Buildin g Facade temperatures are 6 °C (43 °F) in January and 24 °C (75 °F) in July
: [Wikipedia.com/Trieste]
a) C O me rt A' m S The climate can be severely affected by the Bora, a north to northeast

katabatic wind that can reach speeds of up to 200 kilometers per hour.

b) Design Approach & Decisions 444@
c) Passive Building Perfomance




Design Approach and Decisions

Design approaches and Decisions

The Approach for the Passive design scenario involved an initial site and weather analysis to create building skins for the hottest and coldest
days only. This was followed by creating suitable combination of those. The result of about 2-300 variations where tracked and graphed. This

enabled an understanding of the main trends as part of the skin changed. The final skin aims to create the best possible skin in terms of
design, being passively efficient and feasible in material choice and width.

[Gr = (v*v-1)/100 |

Solar Heat Gain 817243W | 817242.947Wh| 817242.947kWh
Whlyear kWh/year
External Finish Transparent Surfaces
Material Absorptance | M. Section |Section 2 Section 3 | Section 4 same, HInsulated v]Wiz Windo|Wiz Windo{. [Triple-glazifWindows [Windows [Windows [Amount |
Brick Walls a at 6000°C a at 50°C Area 268.20 0 0 0 11.52 10.08 0 0f. 0 0 0 0
White, Glazed 0.25 0.95 G North 988 315496 999 322232
Light Colours 04 0.9 G East 2464 434338 1047 211889
Dark Colours 0.8 0.9 G South 1841 817242.947 985 269442
G West 2076 386392 844 191644
Concrete a at 6000°C a at 50°C Rso 0.06| SHGC 0.3567 0.261 0 0]. 0.261 Sum=18! 18
Black 0.91 - n 0.41 0.3 0.7 0.7
Brown 0.85 External Layer |Plaster (Den 0 0 0
Uncoloured 0.65 Custom Material
Custom a

Roofs a 0.626
Asphalt/Bitumen 0.9 0.96 Please Choose the Colour of the Plaster
Red Tiles 0.65 0.85 North East South West North East South West
White Tiles 0.4 05 Qsop 239173.865( 110889.701| 239173.865| 0 Qstra 226707.9| 1297.582| 0 0
Aluminium, Oxidised 0.3 0.11 v v v Enter Manual Value if Desired v v v
Bright Aluminium, Chror 0.1 0.03 % North 34.16
Bright (new) Aluminium 72 0.05 % East  15.84

% South 34.16
Weathered Building Surfaces % West 15.84
Light 0.5 0.6 Alternative Rendering Finishes
Medium 0.8 0.95 —
_ N
White 0.3 0.92
Matt Black 0.96 0.96 Yellow-Earth | Antique-Yellow | Flamingo Ice-White |ImperiaI-BIue |Jv0ry |Jade | Peach |Sand |Straw |Suede |Terra-Cotta |T0bacc0 |True-BIue |White

0.613 0.508 0.429 0.433 0.695 0.406 0.566 0.468 0.494 0.429 0.583 0.621 0.744 0.756 0.626
Custom
Black Grey Tranquil-Biue Anise Canary-Yellow
0.937 0.854 0.754 0.252 0.316




Design Approach and Decisions

Design approaches and Decisions

The Skin is focusing on heat loss during the winter.

The U-value is very low at about 0.14. This value becomes however insignificant with the ventilation losses during the winter. The ventilation for a sealed office building should be about N=1 +

N(sealed building)=0.5.

During the low temperatures of the winter this creates a significant losses (Qv). As the (JV IS Very important in order to manage low outside temperatures in passive buildings:

To=(41+794.77)*AT*24

Looking at AT, this creates a heat loss during winter and heat gain during summer. Ergo, V needs to be reduced. This can be done by either not ventilating the building, (which however would prevent
the renewable of polluted air), or by warming the incoming air. This can be done with a ground source heat pump.

This pump would use the thermal mass of the ground to warm (in winter) and cool the incoming air. This dramatically reduces qv. as AT would no longer be To-Tn, but:

AT=Tground-Tn
Due to Thermal Inertia, the Ground temperature is about the same as the yearly average throughout the year.

The thermal inertia of a material is defined as the square root of the product of the material's bulk thermal conductivity and volumetric heat capac-
ity, where the latter is the product of density and specific heat capacity:
I =\/kpc

As the ventilation is now used as a heating and cooling device, the number of air changes has to increase to N=4. This is however a positive adjust-
ment, as what was initially a heat loss Qv=1083kW now becomes a heat loss of Qv= 698kW during the winter and a heat gain of Qv=579kW, actu-
ally becomes a heat loss of Qu=283kW during the summer.

The has a great effect on the To the building can cope with in a passive scenario.
Looking at the To Formula that determines the outside Temperature range the building can cope with in a passive scenario, the ground source heat

pump has a significant effect:

The formula starts with the condition that the solar gain has to match the heat loss through the building. [next page]
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Design approaches and Decisions

Dv/A*n=q*(Ti-To) * 24 Passive Solar Heating Passive Solar Heating
Hottest Day Windows Coldest Day Windows
G North 088 999 G North 215 219
However, this now becomesDv * A * n=qc * (Ti-To) * 24 + qv * (Ti-To.av.) * 24 G East 2464 1047 G East 742 424
G South 1841 985 G South 1444 1194
G West 2076 844 G West 567 270
The conversion of this fopmula towards To is as follows: G Total 3875 G Total 2107
Dv = G Total/A 179.4 Dv = G Total/A 97.5
) q 2336.06 q-qv 86.7
Dv/A*n=q* (Ti-T rm—to-euonﬁ-da-a n-'lie-Ho-nth——]_-Gﬂ_-—I
, , Max to M. (GSH -4194.406 Min To M. (GSH -4177.874
Dv * A * n=qc* (TiTo) * 24 + qv * (Ti-To.av.) * 24  axtoM.( ' :

(Dv*A*n)/24 £#qc* (Ti-To) + qv * (Ti-To.av.)
(Dv* A*n)/24 - qv * (Ti-To.av.) = gc * (Ti-To)

(Dv * A *n)/{24qc) - (qv * (Ti-To.av.)/qc) = (Ti - To)
(Dv * A*nY/(24qc) - (qv * (Ti-To.av.)/qc)-Ti=-To

Ti-(Dv ¥ A *n)/(249c) + (qv * (Ti-To.av.)/qc) =To

As ypu can see above, this greatly improves the To from 30.0 to in the summer and 13.1 to in the winter.

The ventilation for this building is set to N=4 air changes per

TR L Ventilati
hour + the standard N=0.5 for a sealed building. — —
Ventilation Ventilation Type Office
. . . . . T Sealed Buildi
HOHeSt — Coldest Day This creates a qv=2250 , which as mentioned is substantially o i

bigger than the qv=44. Ni 0.5

gg q AT (°C) -7.88

V (m"3) 1514.7

AT (°C) 1.09 AT (°0) -19.70 However the ground source heat pump ensures that these heat  [uh 6058800000

q - 9 - ore . T . L/ d 1683000

AT (o) 1190 AT(C) 2.56 transfers have a positive effect on the internal building environ-  [Frss- 333,33

ment. qv 2249.3295
Qv (W) -18671 -17284.6
Qv (W) 2455 Qv (W) -44313 Qv (W) -5013 -23420.8
Qu(W)GSHP | -26776 Qv (W) GSHP 5765 The Table to the left, shows the difference in heat losses and Qv (W) -15826 B -18563.0
. . Qv (W) -31915 -11334.4
gains per season, and to the right for the hottest and coldest day. [ovw) 1771459 176507

L




Design Approach and Decisions

Design approaches and Decisions

The solar heat gain per season is largely dependant on the window sizes and surface finish of the building.

The table below shows my choices. [Also consider looking at the U-value Table].

The surface finish is tobacco, as it has a strong absorptance, which is useful in the winter times.

Solar Heat Gain 817243W | 817242.947Wh| 817242.947kWh
Wh/year kWh/year |
External Finish Transparent Surfaces
Material Absorptance | M. Section |Section 2 Section 3 | Section 4 same, finsulated v|Wiz WindoyWiz Windoy. [Triple—glazinfWindows |[Windows |Windows [Amount
Brick Walls a at 6000°C a at 50°C Area 268.20 0 0 0 11.52 10.08 0 0]. 0 0 0 0
White, Glazed 0.25 0.95 G North 988 315496 999 322232
Light Colours 0.4 0.9 G East 2464 434338 1047 211889
Dark Colours 0.8 0.9 G South 1841 817242.947 985 269442 :
G West 2076 386392 844 101644 |
Concrete a at 6000°C a at 50°C RSO 0.06| SHGC 0.3567 0.261 0 0f. 0.261 Sum=18! 18 |
Black 091 - N 0.41 03 0.7 0.7 |
Brown 0.85 - External Layer |Plaster (Den 0 0 0 l
Uncoloured 0.65 - Custom Material l
Custom a l
Roofs a 0.626 l
Asphalt/Bitumen 0.9 0.96 Please Choose the Colour of the Plaster
Red Tiles 0.65 0.85 North East South West North East South West
White Tiles 0.4 0.5 Qsop 239173.865 110889.701 [ 239173.865| 0 Qstra 226707.9] 1297.582| 0 0
Aluminium, Oxidised 0.3 0.11 v v v Enter Manual Value if Desired v v v
Bright Aluminium, Chroif 0.1 0.03 % North 34.16
Bright (new) Aluminium 72 0.05 % East 15.84
% South 34.16
Weathered Building Surfaces % West 15.84
Light 0.5 0.6 Alternative Rendering Finishes
Medium 0.8 0.95 —_—
| N
White 0.3 0.92 —_—
Matt Black 0.96 0.96 Yellow-Earth | Antique-Yellow I Flamingo | Ice-White |ImperiaI—BIue |Jv0ry IJade | Peach ISand IStraw |Suede |Terra—Cotta ITobacco |True—BIue |White
0.613 0.508 0.429 0.433 0.695 0.406 0.566 0.468 0.494 0.429 0.583 0.621 0.744 0.756 0.626
Custom
239173.8648 1297.582
110889.7009 89245.82
239173.8648 Black Grey Tranquil-Biue Anise Canary-Yellow
56743.32
110889.7009 80718.8 0.937 0.854 0.754 0.252 0.316
[Gr = (v*Vv-1)/100 | 1452472863 6.4117
6.734192365 276.6844
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Design approaches and Decisions

Hemp Internal Plastera_

Plaster (Dense)
Plaster Board
Air Gap ™\

Damp Proof Membrane™\|
Polyutherane Board *\|

Vapour Barriero\

N

MNOAYA VA VA VA
\N\?\(/X\( N

~

U-Value 0.32337923W/m2K| -683.04456W | -16393.069Wh | -5901.50497kWh _
Wh/day kWh/year [
[Material Elevation |
Material Length (r Width (mr (Amount) Area (m2) |U-value
Walls Conductivity (W/mK) |Aprox. a | M. Section 1000 1000 10 268.201 59.08231
Asbestos Cement Sheet 0.36 0 0
Asbestos Cement Decking 0.36 Amount/Orientation 0 OfWalls Walls
Brick (Outer) 0.84 0.48 SHCF N |[E [S [|W 0 0] 59.08231] 59.08231
Brick (Inner) 0.62 0.48 same, but arg 1200 2400 4 0.3567 11.52 19.584 0.22 0.22
Cast Concrete (Dense) 1.44 0.80 Insulated vinyl frg 1200 600 14 0.261 10.08 8.064
Cast Concrete (Lightweight) 0.38 0.80 Wiz Windows 0 0 0
Concrete Block (Heavyweight) 1.63 0.80 Custom | |Wiz Windows 0 0 0
Concrete Block (Medium Weight) 0.51 0.80 Triple—glagWood 1200 600 0 0.261 0
Concrete Block (Lightweight) 0.19 0.80 Windows [Window Frames 0
Fibreboard 0.06 Windows [Window Frames 0 Windows
Plasterboard 0.16 0.63] Windows |Window Frames 0 27.648
Stone (Artificial) 1.3 1.28
Stone (Limestone) 1.5
Tile Hanging 0.84
Surface Finishes M. Section | 174 mm Int. & Ext. R
External Rendering 0.5 0.63 Material Length U-Value R-value Rsi 0.12
Plaster (Dense) 0.05 0.63 Plaster (Dense) 30 1.7 0.60 Rso 0.06
Plaster (Lightweight) 0.16 0.63 Plasterboard 30 5.3 0.19
Air Gap 30 6.3 0.16

Roofs Polyutherane Boe 70 0.4 2.80
Aerated Concretre Slab 0.16] 0.80] Hemp Internal Ple 14 1.6 0.61| 0.220292]




summary of Approach

Now that the main values of the structure are established, this process was applied to over 150 skin variations. These where tracked in their relationship
to the buildings passive building performance (in terms of ability to cope with the To of most days both throughout the year and throughout most hours
of the day).

As mentioned on page 10, the Approach involved the use of the above analysis to create building skins for the hottest and
coldest days only. (This involved off course all the factors that are apparent in the excel sheet (p.) (solar shading, orientation,
plaster, thermal mass, etc...). This was followed by creating suitable combination of those. The result of about 2-300 variations
where tracked and graphed. This enabled an understanding of the main trends as part of the skin changed. The final skin aims
to create the best possible skin in terms of design, being passively efficient and feasible in material choice and width.

Once the main factors where established, window orientation, internal gains (next page), shading, plaster absorptance, etc...,
the relationship between the conduction of the building skin and the To, the building can cope with could be established. Inter-
estingly enough, this was exponential. It enabled to create a target zone for qv. Doing this, the new affecting factors that influ-
enced the passive performance where discovered and added to the research: the heat loss through internal gains and the re-
duced solar heat gain through the opaque surfaces of the building skin (Qsop).

The graphs explaining this process and the resulting building skin are on the following pages. (p.16-21)
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Design Approach and Decisions

Passive Design Performance Summary

To with Design Development

Conduction

L

INDEX
Normal

0.86 3.42 0.49 0.36 0.36
Hottest Coldest Medium Perfected Mix | Perfected Mix | Perfected Mix

31.3

] | ‘ | ‘ | @ | (GSHP) @ | (GSHP)
To/°C a | | | ‘ | | Areas
| | | |
| |

2738- — + — — — — — _} — - - - _ P — S — o — — -

Evenvelope Design Stages




Design Approach and Decisions

Passive Design Performance Summary

I Target Zone
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Plaster (Dense)

Air Gap .

Damp Proof Membrane .
Polyutherane Boara
Hemp Internal Plaster N

1] /
/i
|
/ H
/ 5; U-Value=0.64
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A 1§ /
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1/
M. Section 64 mm
Material Length U-Value R-value
Plaster (Dense) 10 5.0 0.20
Asbestos Cement 0] #DIVv/0!
Air Gap 30 6.3 0.16
Polyutherane Boe 10 25 0.40
Hemp Internal Ple 14 1.6 0.61 0.644359|

Warmest Day

Plaster Board

Air Gap \

Damp Proof Membrane
Glass Fibre Slab
Hemp Internal Plaster “

/1
k=
A=
=
=) U-Value=0.77
L
=
=3
% /
=
Y
/ =
M. Section | 72 mm
Material Length U-Value R-value
Plasterboard 30 5.3 0.19
Plasterboard
Air Gap 10 19.0 0.05
Glass Fibre Slab 30 1.2 0.86
Hemp Internal Pl¢ 1 22.8 0.04 0.756925|

Coldest Day
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Plaster (Dense)

External Rendering .

Brick /// sesl Plaster Board | ;
e @ - /
Air Gap \ % / Air Gap =~ /
/ / U-Value=0.40 DPM /  U-Value=0.40
)
Damp Proof Membrane o 78 . ™~ ey
Exp. Polystyrene Board . ) ; Polyutherane Board - | : ;
Hemp Internal Plaster B
Plaster Board | B emp Internal Flaster - o=
N / /
- f
in /
== . oy
M. Section | 174 mm ‘ m:altseeri(zllon Lle7n4;1tmhm U-Value R-value
Material Length U-Val R-val -
E;teernzl Renderir - gt30 aluE(SeJ al(J)(.aOG Eﬁ?lzrzgul?eerr)ldem 28 ;gg 882
B.I'ICk (Outer) 30 28.0 0.04 Air Gap 30 6.3 0.16
él(rpisged Polysty 38 82 gég Expanded Polyst >0 0.5 2.00
Plasterboard 14 11.4 0.09| 0.396651] Plasterboard 14 114 B 0.396651]

First & Second Medium




Plater (Dense) | J Vel Final Elevations (GSHP)

Plaster Board = %% %
Air Gap ~_ %é ><>/ : =
DPM . %Z = Z
Polyutherane Board - | % ZE @; =
Has/ 3
-
Hemp Internal Plaster “~ %g ><>§ P
HaY/ -
s S | Y
M;'altsefglion IL1e7n4 tr::m U-Value R-value @
I\E/lxternal Renderir : 30 16.7 0.06 ;
Brick (Outer) 30 28.0 0.04
Air Gap 30 6.3 0.16
Paserboard 14 104 0,09 062

Final Section

© \ @\
Datail @\g%ta’ﬂ/@

Roof-Wall Detalil Wall-Floor Detall
1. Structure on Warm side of Insulation 1. Structure on Warm side of Insulation
2. Continuous Vapour Barrier 2. Continuous Vapour Barrier
3. Continuous Insulation Layer 3. Continuous Insulation Layer
4. Continuous Waterproof Layer 4. Continuous Waterproof Layer

5. External Cladding 5. External Cladding
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Passive Design Performance

1 , Weather AﬂalyS|S (Geﬂeral) fTehaeszgﬁiltjlzp](;sggrefociﬁqtggsbalance between design,
2' ApproaCh to PaSSIVe BUI|dIﬂg Facade It takes into accou_nt alltrelndsl, anld makes sure that non
a) Come rt AI ms f;etfifcerté)ggg (r)rfwzr:}tggg? aims is diminished by more than

b) Design Approach & Decisions
c) Passive Building Perfomance Summary <



Tobacco

Absorptance: 0.744

Cooling Demand (Qt) Heat Demand (Qt) |
Coldest Day Qi 35108.64
Qi 97.524| |Qi 97.524 Qc -2033.5961
Qc 60.16649| |Qc -1085.815 Qs 391483.18
Qs 420.6186| [Qs 259.2685 Qv -153054.1
Qv 2.455424] |Qv -1063.503 Qe
Qe -861.169 | |Qe 30.84281
Qt
Qt Qt 1792.525 Qt/m2
Qt/m2 Qt/m2 3.550]  [QUm2 (GSHP)
Qt/m2 (GSHP) 0.561] Qt/m2 (GSHP) 1.383
AT (OC) 1.09 AT (OC) -19.70 The final skin is the optimumbalance between design, feasability and performance.
AT (OC) '1596 AT (OC) 057 Lthfnk?ﬁériwrt](ére;(;(;(;u;t:rl]lottrre]QSS, and makes sure that non of the above mentioned aims is diminished by more
Qv (W) 2455| Qv (W) -44313
Qv (W) GSHP -35901| |Qv (W) GSHP 1285
Max to M. (GSH 31.3| |Min To M. (GSF 12.7
Windows Int. & Ext. R |
44.316442 Rsi 0.12
Rso 0.06

Building Perspective
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1. Weather Analysis (General)
2. Approach to Passive Building Facade
a) Comfort Aims

D)
C)
3. Ap

Design Approach & Decisions
Passive Building Performance Summary

oroach to Active Building Facade ¢4

a) Energy Demand Aims

D)

Design Approach & Decisions

c) Active Building Performance & Servicing
4. \Workbooks (Excel)
5. Conclusion

Active Approach

Energy Demand Aims

The aim of the active scenario is to reduce the energy demand (Qmec) to
a minimum.

Qi+Qs+Qc+Qv=-Qmec
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1. Weather Analysis (General)
2. Approach to Passive Building Facade

a) Comfort Aims

b) Design Approach & Decisions

c) Passive Building Performance Summary
3. Approach to Active Building Facade

a) Energy Demand Aims

b) Design Approach & Decisions 4 4@

c) Active Building Performance Summary
4. Workbooks (Excel)
5. Conclusion

Active Approach

Design Approach and Decisions

The Design approach starts by analysing seeing what can attributes of the
building skin can lower the mechanical need for heating, cooling and
regulation of humidity.

In order to discover this, the existing building skins and their energy needs
per year where graphed. This helped to deicide weather a heating only,
cooling only or mixed system was needed.




Energy Demand

Energy Demand of Existing Design
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Trend of Energy Demand with Active Approach

Design Approach and Decisions

C h a n g i n g U _Va‘ U e Of H y b ri d As the hybrid skin offered the least amount of energy need, it was chosen

to get developed. The initial investment for a heating and cooling system, as
well as the extra servicing space required is largely offset by the low energy

Skin (5) & Perfected

The building skin (hybrid) is already very suited for a passive scenario and
has received a great amount of thorough research. It is therefore sensible to
use this quality to the advantage of the active building too. In order to
further understand how the passive building can be improved, the relation-
ship between further adjustments in the skin to the energy need was

Current Skin tracked and graphed, through the calculations of a further 150 building
m = = m m m Current Skin with Ground Source Heat Pump

Cooling Demand on Hottest Day

. Heating Demand on Coldest Day
== @ = = Adjusted Skin - Cooling Demand on Hottest Day

- ,:.D:, = = Adjusted Skin - Heating Demand on Coldest Day

Target Zone
Qmec Energy Demand /

W/m?2
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Derived new improved
performance skin

U-Value=0.17 Plaster (Dense U-Value=0.0332
Plaster (Dense) o ( ) o
Plaster Board Plaster Board
. Vi .
Air Gap 7 Air Gap d 5
Iq g
DPM N DPM /
Polyutherane Board . Polyutherane ﬁB_oﬁard NN /ol
7 H H
Hemp Internal Plaster ?QA Hemp Internal Plaster zsﬁi
0\ Z o)
O\z}c & g
O\ A I
\> =
- I i m;\tse?i(zllon Lgeor:lgtr:m U-Value R-value
’;i':rrﬁll Renderir Lengﬂ;o UNaI:IfJ R-VE\IL;fOEi Plaster (Dense) 30 17 0.60
Brick (Outer) 30 28.0 0.04] Fibreboard 30 2.0 0.50)
Air Gap 30 6.3 0.16 Air Gap 30 6.3 0.16]
Expanded Polysty 100 0.3 4.00 Polyutherane BOE 700 0.0 28.00
Plasterboard 14 11.4 0.09[ 0.165237] Hemp Internal Ple 14 1.6 0.61[70.033276]

Part 1: Final Section (Passive) Part 2: Final Section

Active Approach

Design Approach and Decisions

The result of the previous graph, created a new building skin. Unlike during
the passive scenario, the relationship between the conduction and building
energy need is linear rather than the exponential relationship between
conduction and tolerable mean outside temperature.

Therefore, the greater decrease in qv the better.
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1. Weather Analysis (General)
2. Approach to Passive Building Facade

a) Comfort Aims

b) Design Approach & Decisions

c) Passive Building Performance Summary
3. Approach to Active Building Facade

a) Energy Demand Aims

b) Design Approach & Decisions

c) Active Building Performance & Servicing
4. Workbooks (Excel)
5. Conclusion

Active Approach

Design Approach and Decisions

The Design approach starts by analysing seeing what can attributes of the
building skin can lower the mechanical need for heating, cooling and
regulation of humidity.

In order to discover this, the existing building skins and their energy needs

per year where graphed. This helped to deicide weather a heating only,
cooling only or mixed system was needed.

Cooling Demand (QY) Heat Demand (Qt)

97.524
-388.5811
120.1661
-1063.503

1234.394
2.445
Qtm2 (GSHP) 0.277

Qt/m2 (GSHP)

AT (°C) AT (°C) -19.70
AT (°C -15.96 AT (°C) 057
Qv (W) 2455 Qv (W) -44313
Qv (W) GSHP -35901 Qv (W) GSHP 1285

Max to M. (GS Min To M. (GS

8.9245517




Progressive Solving of Energy  BESIEN IRk

Active Building Performance & Servicing

D e I I | a n d I n O rd e r Of OW The final step is to find the suitable servicing. This is done by progressively

fulfilling the energy needs starting with the most energy efficient and ending

' with the most costly servicing.
e n e rg y d e I I l a n d S e rV C e S In this case, Ground Source Coupling and a heat exchanger proved to be
enough.
Simply Passive Design Hottest Day

. . . . . Q 352215.018 140048.180
Passive Design with Ground Source Coupling (air) AT - 06

P. Design with GS Coupling and Heat Exchanger

Plate

Heat Transfer Area/m2 11.034 122.563

Or Desired Heat T. Area

Heat Transfer Diameter/mmn 3321.723 11070.799
H. Exchange Volume/m2 0.1 1.2

Efficiency

Spiral
Or Pipe Diameter/mm
Pipe Length Needed/m
Efficienc

Energy Demand

-1
-15 Summer Autumn

1 1
| |
/KW/m?2 5 | |
2._,A ] ] S
2 I .I\@O“
2738 | o |
15 —
' ' ' Duct Sizing
1 l l l 1.683
05 | | ! Main Ducts
| ]
0 7 .
| ' I Seasons Heat Exchanger Diffusers
-0.5 | |
| !
1 1

Ground Source Coupling , - Branch Ducts
|
|
|
1

Winter Spring




Trieste - Office Building - Technology Module Part 3

Passive Scenario

Volume
Building Shape Square %
Length (North & South) 33 68.32
Width (East & West) 15.3 31.68
Net Floor Area (m?) 504.9
Net Floor Area (mz)
Floor Height (m) 3
Circumference (m) 96.60
Wall Surface (m?) 289.80
Ventilation

vr 0.33
Type Office
Type Sealed Building
Nv 4
Ni 0.5
AT (°C) -7.88
V (m"3) 1514.7
L/h 6058800000
L/second 1683000
L/m2s 3333.33
qv 2249.3295
Qv (W) -18671.7| -17284.6
Qv (W) -5013.8| -23420.8
Qv (W) -15826.3| -18563.0
Qv (W) -31915.7| -11334.4
Qv (W) -17714.594| -17650.7

<G
<S
<H
<P

Yannick Raphaél Cibin

Workbook

1
Month To.av (°C) Tn To.av (°C) SeaSeasonsTh Htg Ctg Dh
Jan 4.5 19.2 9658 0 575
Feb 4.9 19.3 8514 0 740
Mar 9.3 20.7 6131.00  0.00  1398.00
Apr 13.8 22.1 13.8| 22.1 2861 18 1895
May 18.2 23.4 1045 617 2502
Jun 215 24.5 131 1555 2620
Jul 23.9 25.2 22.6| 24.8 1 2950 2918
Aug 23.4 25.1 35 2538 2570
Sep 20.4 24.1 252 916 1845
Oct 15.2 225 15.6| 22.6 2012 25 1262
Nov 11.2 21.3 4588 4 610
Dec 6.3 19.8 52| 194 8321 0 510
Tm 14.38 2226| 14.29| 2223 3629.08| 718.58| 1620.42
Min Max Month
Tn Max 22.7 27.7|Jul
Tn Min 16.7 21.7|Jan




Ventilation Ventilation Ventilation
vr 0.33 Coldest Day
Type Office
Type Sealed Building
Nv 4
Ni 0.5
AT (°C) -7.88 AT (°C) 1.09 AT (°C) -19.70
V (m"3) 1514.7 AT (°C) -15.96 AT (°C) 0.57
L/h 6058800000
L/second 1683000
Warmest Day of Jul Coldest Day of Jan L/m2s 3333.33
_ qv 2249.3295 Qv (W) 2455 Qv (W) -44313
Time To.av (°C) Tn Time To.av (°C) Tn Qv (W) -18671.7| -17284.6|<G Qv (W) GSHP -35901 Qv (W) GSHP 1285
00:00 24.6 25.4 00:00 -4 16.6 ov (W) 50138 -23420 8l<s
01:00 24.4 25.4 01:00 -4.2 16.5 ov (W) 15826.3  -18563.0l<H
02:00 24.3 25.3 02:00 -4.3 16.5 ov (W) 31915.7| -11334.4|<p 1
04:00 24.3 25.3 04:00 4.5 16.4 3
06:00 24.7 25.5 06:00 -4.8 16.3 Heat Demand (Qt) /kWhrs seasonally adjusted Cooling Demand (Qt) Heat Demand (Qt)
OH00 25.7 228 OO0 4.7 Lot Qi 35108.64| 35108.64 Coldest Day
08:00 27 26.2 08:00 44 16.4 Qc -3750.3608| -1750.2226 Qi 97.524 Qi 97.524
09:00 28.8 26.7 09:00 -4 16.6 Qs 746817.33 0 Qc 60.16649 Qc -1085.815
10:00 30.1 27.1 10:00 -3.3 16.8 Qv -153054.1| -149338.92 Os 420.6186 Os 259.2685
11:00 31.3 27.5 11:00 -2.4 17.1 Qe Qv 2.455424| -861.6192 Qv -1063.503| 30.84281
12:00 32.4 27.8 12:00 -1.2 17.4 Qe Qe
13:00 32.4 27.8 13:00 -0.7 17.6 ot 115980 51
14:00 31.8 27.7 14:00 -0.3 17.7 oUmz ot ot 1795 505
15:00 30.6 27.3 15:00 -0.2 17.7 OUm2 (GSHP) ouUmz oUmz 3550
16:00 29.9 27.1 16:00 0.4 17.7 QUm2 (GSHP) 0.561 Qtm2 (GSHP) 1.383
17:00 29.1 26.8 17:00 -1 17.5
18:00 28.2 26.5 18:00 -1.8 17.2 Passive Solar Heating Windows Passive Solar Heating Passive Solar Heating
19:00 27.4 26.3 19:00 2.1 17.1 G North 315496 322232 Hottest Day Windows Coldest Day Windows
20:00 26.5 26.0 20:00 2.2 17.1 G East 434338| 211889 G North 988 999 G North 215 219
21:00 25.6 25.7 21:00 -2.2 17.1 G South 409292| 269442 G East 2464 1047 G East 742 424
22:00 25 25.6 22:00 2.2 17.1 G West 386392| 191644 G South 1841 985 G South 1444 1194
23:00 24.4 25.4 23:00 2.1 17.1 G Total 995207 G West 2076 844 G West 567 270
Dv = G Total/A 46074.40 G Total 3875 G Total 2107
Tm |  2738] 26.29 Tm | -2.75 | 16.95 A 21.60 Dv = G Total/A 179.4 Dv = G Total/A 97.5
Max Max il =
Tn Max 25.3 30.3 Tn Min 13.8 18.8 L 23044
Min To (Year) 22.7 q 55.1 g-qv 55.1
Max To (Year) 27.7 Max to (Month) 29.1 Min To Month 12.9
Min To (Coldest Month) 16.7 Max to M. (GSH 31.3 Min To M. (GSH 12.7 1474.9
Max To (Coldest Month) 21.7 13.56982
12.7
13.8
Thermal Mass Thermal Mass
U-Value 0.206 Coldest Day
Outdoor Mean 14.2 0.206 U-Value 0.206
Amplitude 5.8 11.64] Outdoor Mean 26.8 Outdoor Mean 7.10
Th Max 27.7 Amplitude 0.5 3.224] Amplitude 2.5 1770]
CPZ Limit 33.5 39.3| Tn Max 30.3 Tn Min 18.8
q (W/K) 2.2 CPZ Limit 30.9 33.6]
CDD q (W/K) #DIV/O! q (W/K) #DIV/O!




Internal Gains 13046W | 97524Wh | 35108.64kWh
Wh/day kWh/year |
Stadard Electrical Equipment Working Hours
People | People Lights Lights Lights Desktops |Laptops |Printers |Photo CopiFax Machi|1 Desk Fans |Coffee MaqHand Dryer 8
Name Output (W) Amount 34 |
Asleep 70 Type Normal Fluorescent {Fluorescent | Compact FIU 1 1 0.3 0.3 0.2 0.7 0.3 0.3|< Hourly Usage |
Normal 100 Alternative (W) 32 60
Active 700 Gi (W) 3400 640 2015 1740 3665.2 269.5 270 850 28.5 168 0 0
Gi (Wh) /day 27200 5120 16120 13920| 29321.6 2156 648 2040 45.6 940.8 0 12
Lights | Gi (Wh) /year 9792000 1843200 5803200f 5011200| 10555776 776160| 233280| 734400 16416 338688 0 4320
Name Output (W)
Compact Fluorescent 2 11
Compact Fluorescent 4 18
Fluorescent 36mm 2 fog 18
Fluorescent 36mm 4 fod 36
Fluorescent 36mm 5 fod 65 |Open Plan Recg Stadard Electrical Equipment Area 12.584 WH Output (W) |Output (W/m~2)
Fluorescent 36mm 6 fod 72 People Lights Lights Lights Desktops |Laptops |Printers |Photo Cop{Fax MachiDesk Fans |Coffee MadHand Dryer 8 655.4 52.0820089
Amount 1 1 0 1 1 1 1 1 1] 1
Electrical Equipment | Type Normal Fluorescent {Fluorescent |Compact FIU 1 1 0.3 0.3 0.2 0.7 0.3 0.3|« Hourly Usage |
Name WCPD WCNPR Alternative (W) 32 60
Desktop 187 0.7 Gi (W) 100 32 0 60 130.9 38.5 30 212.5 9.5 42 0 0
Laptop Computer 55 0.7 Gi (Wh) /day 800 256 0 480 1047.2 308 72 510 15.2 235.2 0 0
Printer 150 0.2 Gi (Wh) lyear 288000 92160 0 172800f 376992 110880 25920] 183600 5472 84672 0 0
Photo Copier 850 0.25
Fax 38 0.25 |Open Plan Areg Stadard Electrical Equipment Area 27.96 WH Output (W) |Output (W/m~2)
Desk Fan 60 0.7 People Lights Lights Lights Desktops |Laptops |Printers |Photo Cop{Fax MachijDesk Fans |Coffee Mad{Hand Dryer 8 785 28.0758226
http://www.cribe.uk.com/|Amount 4 0 5 1 0 0 0 0] 0 1
Introduction to ArchitectyType Normal Fluorescent {Fluorescent | Compact FIU 0 1 0.3 0.3 0.2 0.7 0.3 0.3]<— Hourly Usage |
Alternative (W) 32 60
Gi (W) 400 0 325 60 0 0 0 0 0 0 0 0
Gi (Wh) /day 3200 0 2600 480 0 0 0 0 0 0 0 0
More Equipment Gi (Wh) /year 1152000 0 936000 172800 0 0 0 0 0 0 0 0
Name Output (W) |[WCNPR
Troffer Parabolic (reces 32 |Open Plan Larg Stadard Electrical Equipment Area 194.68 WH Output (W) |Output (W/m~2)
Washer 60 People Lights Lights Lights Desktops |Laptops |Printers |Photo Cop{Fax MachilDesk Fans |Coffee MaqHand Dryer 8 8065.6 41.43003904
Coffee Machine Amount 24 11 18 11 24 4 1 1] 3
Hand Dryer Type Normal Fluorescent {Fluorescent | Compact FIu 0 1 0.3 0.3 0.2 0.7 0.3 0.3|< Hourly Usage |
Alternative (W) 32 60
Gi (W) 2400 352 1170 660 3141.6 0 120 212.5 9.5 0 0 0
http://www.alibaba.com/product-gs/33|Gi (Wh) /day 19200 2816 9360 5280 0 0 288 510 15.2 0 0 0
http://www.haysomlighting.co.uk/lighti{Gi (Wh) /year 6912000 1013760 3369600 1900800 0 0] 103680[ 183600 5472 0 0 0
|Meeting Room Stadard Electrical Equipment Area 10.93 WH Output (W) |Output (W/m~2)
People Lights Lights Lights Desktops |Laptops |Printers |Photo Cop{Fax MachilDesk Fans |Coffee Ma{Hand Dryer 8 1190 108.8746569
Amount 8 1 3 1 1 0]
Type Normal Fluorescent {Fluorescent | Compact FIy 0 1 0.3 0.3 0.2 0.7 0.3 0.3|«<— Hourly Usage |
Alternative (W) 32 60
Gi (W) 800 32 0 0 0 115.5 30 212.5 0 0 0 0
Gi (Wh) /day 6400 256 0 0 0 924 72 510 0 0 0 0
Gi (Wh) lyear 2304000 92160 0 0 0] 332640 25920 183600 0 0 0 0
|Meeting Room Stadard Electrical Equipment Area 32.422 WH Output (W) |Output (W/m”2)
People Lights Lights Lights Desktops |Laptops |Printers |Photo CopiFax MachifjDesk Fans |Coffee MaJHand Dryer 8 2766.9 85.3402011
Amount 16 1 8 0 1 3 1 1 0] 3 1
Type Normal Fluorescent {Fluorescent | Compact FIU 0 1 0.3 0.3 0.2 0.7 0.3 0.3]— Hourly Usage |
Alternative (W) 32 60
Gi (W) 1600 32 520 0 130.9 115.5 30 212.5 0 126 0 0
Gi (Wh) /day 12800 256 4160 0 0 924 72 510 0 705.6 0 0
Gi (Wh) /year 4608000 92160 1497600 0 0f 332640 25920] 183600 0 254016 0 0




|CIosed Office (§ Stadard Electrical Equipment Area 11.76 WH Output (W) |Output (W/m”"2)
People Lights Lights Lights Desktops |Laptops |Printers [Photo CopjFax MachijDesk Fans |Coffee MadHand Dryer 8 292.9 24.90646259

Amount 1 1 0 0 1 1 0 0

Type Normal Fluorescent JFluorescent | Compact FIU 0 1 0.3 0.3 0.2 0.7 0.3 0.3|— Hourly Usage

Alternative (W) 32 60

Gi (W) 100 32 0 0 130.9 0 30 0 0 0 0 0

Gi (Wh) /day 800 256 0 0 0 0 72 0 0 0 0 0

Gi (Wh) /year 288000 92160 0 0 0 0 25920 0 0 0 0 0

|CIosed Office (I Stadard Electrical Equipment Area 22.8 WH Output (W) |Output (W/m”"2)
People Lights Lights Lights Desktops |Laptops |Printers [Photo CopjFax MachijDesk Fans |Coffee MadHand Dryer 8 334.4 14.66666667

Amount 1 2 0 0 1 1 0 1

Type Normal Fluorescent {Fluorescent |Compact Fl{ 0 1 0.3 0.3 0.2 0.7 0.3 0.3|« Hourly Usage

Alternative (W) 32 60

Gi (W) 100 64 0 0 130.9 0 30 0 9.5 0 0 0

Gi (Wh) /day 800 512 0 0 0 0 72 0 15.2 0 0 0

Gi (Wh) /year 288000 184320 0 0 0 0 25920 0 5472 0 0 0

|Toi|ets Stadard Electrical Equipment Area 24.65 WH Output (W) |Output (W/m”"2)
People Lights Lights Lights Desktops |Laptops |Printers [Photo CopjFax MachijDesk Fans |Coffee MadHand Dryer 8 916 37.16024341

Amount 4 3 0 7 0 0 0 0 0 5

Type Normal Fluorescent JFluorescent | Compact FIU 0 1 0.3 0.3 0.2 0.7 0.3 0.3|— Hourly Usage

Alternative (W) 32 60

Gi (W) 400 96 0 420 0 0 0 0 0 0 0 0

Gi (Wh) /day 3200 768 0 3360 0 0 0 0 0 0 0 12

Gi (Wh) /year 1152000 276480 0] 1209600 0 0 0 0 0 0 0 4320

|Core Stadard Electrical Equipment Area WH Output (W)
People Lights Lights Lights Desktops |Laptops |Printers [Photo CopjFax MachijDesk Fans |Coffee Ma¢Hand Dryer 8 540

Amount 9

Type Normal Fluorescent {Fluorescent |Compact Fl{ 0 1 0.3 0.3 0.2 0.7 0.3 0.3|« Hourly Usage

Alternative (W) 32 60

Gi (W) 0 0 0 540 0 0 0 0 0 0 0 0

Gi (Wh) /day 0 0 0 4320 0 0 0 0 0 0 0 0

Gi (Wh) /year 0 0 0] 1555200 0 0 0 0 0 0 0 0




U-Value 0.20550501W/m2K| -434.06954W | -10417.669Wh | -3750.36085kWh
Wh/day kWh/year
Elevation |
Material Length (midth (mnmAmount) Area (m2) |U-value
M. Section 1000 1000 10 268.20| 44.31644
0 0
Amount/Orientation 0 0|Walls Walls
SHCF N [E |S |W 0 0] 44.316442| 44.31644
Insulated vinyl frgme, k2@etpn fill2400E (2 low-6)|glass0.261 11.52 5.76 0.17 0.17
Insulated vinyl frgme, X2@&Xpn fill, 608lE (2 lowH)|glass0.261 10.08 5.04
Wiz Windows 0 0 0
Custom | [Wiz Windows 0 0 0
Triple—glaZinpaith multiple Ipw—el268{ings a680jenon filleal 0.261 0
Windows |Window Frames 0
Windows [Window Frames 0 Windows
Windows [Window Frames 0 10.8
0.50
11.8
M. Section | 204 mm Int. & Ext. R
Material Length U-Value R-value Rsi 0.12
Plaster (Dense) 30 1.7 0.60 Rso 0.06
Fibreboard 30 2.0 0.50
Air Gap 30 6.3 0.16
Polyutherane Board 100 0.3 4.00
Hemp Internal Plaster 14 1.6 0.61[ 0.165237|
Section 2 |
Material Length U-Value R-value
| Thermal Bridging
Length Linear Losses
Window Perimeter 79200 0
Wall to Floor Joint 193.20 11.592
0l Jombined Corner Heights 12 1.8
Section 3 |
Material Length U-Value R-value Projecting Balcony Slak 0
Parapet Wall, Cornice 0
13.392
0| Window |In the plane of insulation and joint sealed
Section 4 | Wall Standard with External Insulation
Material Length U-Value R-value Cornice |Parapet wall, cornice
Balcony |Projecting balcony slab
O|




Solar Heat Gain 746817W | 746817.33Wh | 746817.3298kWh -
Whlyear kWhlyear [
External Finish Transparent Surfaces
M. Section |Section 2 Section 3 Section 4 |Insulated v|Insulated v|Wiz WindoyWiz Windoy. |Triple—glazinWindows |Windows |Windows |Amount
Area 268.20 0 0 0 11.52 10.08 0 0. 0 0 0 0
G North 988 315496 999 322232
G East 2464 434338 1047 211889
G South 1841 746817.3298 985 269442
G West 2076 386392 844 191644
Rso 0.06| SHGC 0.261 0.261 0 0]. 0.261 Sum=18! 18
n 0.3 0.3 0.7 0.7
External Layer |Plaster (Den 0 0 0
Custom Material
Custom a 0.744
a 0.744
Please Choose the Colour of the Plaster
North East South West North East South West
Qsop 213216.0 | 98854.7 | 213216.0 | 98854.7 |Qstra 1297.6] 47781.8] 30380.1] 43216.5
v vv Enter Manual Value if Desired v v v
% North 34.16
% East 15.84
% South 34.16
% West 15.84
Alternative Rendering Finishes
Yellow-Earth | Antique-Yellow | Flamingo I Ice-White |ImperiaI—BIue IJvory |Jade | Peach |Sand |Stravv |Suede ITerra—Cotta |Tobacco |True—BIue IWhite
0.613 0.508 0.429 0.433 0.695 0.406 0.566 0.468 0.494 0.429 0.583 0.621 0.744 0.756 0.626
213215.978 1297.582
98854.68072 47781.82
213215.978 Black Grey Tranquil-Biue Anise Canary-Yellow
30380.12
98854.68072 43216.49 0.937 0.854 0.754 0.252 0.316
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Workbook

2
3
0.166666667 0.166666667
Heat Demand (Qt) /kWhrs seasonally adjusted Cooling Demand (Qt) Heat Demand (Qt)

Qi 35108.64| 35108.64 Coldest Day
Qc -1342.1437]-626.35314 Qi 97.524 Qi 97.524
Qs 248367.09 0 Qc 21.53181 Qc -388.5811
Qv -153054.1] -149338.92 Qs 390.3483 Qs 120.1661
Qe Qv 2.455424 -861.619161 Qv -1063.503| 30.84281

Qe Qe
Qt 114856.64
Qt/m2 Qt Qt 1234.394
Qt/m2 (GSHP) Qt/m2 Qt/m2 2.445

Qt/m2 (GSHP) 0.698 Qt/m2 (GSHP) 0.277

Passive Solar Heating Windows Passive Solar Heating Passive Solar Heating
G North 315496 322232 Windows Coldest Day Windows
G East 434338 211889 G North 988 999 G North 215 219
G South 409292 269442 G East 2464 1047 G East 742 424
G West 386392 191644 G South 1841 985 G South 1444 1194
G Total 995207 G West 2076 844 G West 567 270
Dv = G Total/A 46074.40 G Total 3875 G Total 2107
A 21.60 Dv = G Total/A 179.4 Dv = G Total/A 97.5
n 0.7
q 2269.1
Min To (Year) 22.7 q 19.7 g-qv 19.7
Max To (Year) 27.7 Max to (Month) 27.6 Min To Month 12.6
Min To (Coldest Month) 16.7 Max to M. (GSHP) 33.3 Min To M. (GSHP) 11.9 1474.9
Max To (Coldest Month) 21.7 13.42913
10.7
13.8

Thermal Mass Thermal Mass
U-Value 0.074 | Coldest Day
Outdoor Mean 14.2 0.074 U-Value 0.074
Amplitude 5.8 11.64] Outdoor Mean 26.8 Outdoor Mean 7.10
Tn Max 27.7 Amplitude 0.5 3.224] Amplitude -2.5 1770|
CPZ Limit 33.5 39.3| Tn Max 30.3 Tn Min 18.8
q (W/K) 2.2 CPZ Limit 30.9 33.6]
CDD q (W/K) 0 q (W/K) #REF!



U'Val ue 0.07354419W/m2K| -155.34071W| -3728.177Wh | -1342.1437kWh _
Wh/day kWhlyear |
Elevation |
Material Length (r Width (mr (Amount) Area (m2) |U-value
M. Section 1000 1000 10 268.20| 8.924552 | Thermal Bridging
0 0 Length Linear Losses
Amount/Orientation 0 Ojwalls Walls Window Perimeter 79200 0
SHCF N [E [S |W 0 0] 8.9245517] 8.924552 Wall to Floor Joint 193.20 11.592
Insulated vinyl frg 1200 2400 4 0.261 11.52 5.76 0.03 0.03 ombined Corner Heigh 12 1.8
Insulated vinyl frg 1200 600 14 0.261 10.08 5.04
Wiz Windows 0 0 0 Projecting Balcony Slalt 0
Custom | [Wiz Windows 0 0 0 Parapet Wall, Cornice 0
Triple—glagWood 1200 600 0 0.261 0 13.392
Windows |Window Frames 0
Windows |Window Frames 0 Windows
Windows |Window Frames 0 10.8 Window [In the plane of insulation and joint sealed
0.50 Wall Standard with External Insulation
Cornice |Parapet wall, cornice
11.8 Balcony |Projecting balcony slab
M. Section | 804 mm Int. & Ext. R
Material Length U-Value R-value Rsi 0.12
Plaster (Dense) 30 1.7 0.60 Rso 0.06
Fibreboard 30 2.0 0.50
Air Gap 30 6.3 0.16
Polyutherane Boz 700 0.0 28.00
Hemp Internal Ple 14 1.6 0.61 0.033276|




Whlyear kWh/year |
External Finish Transparent Surfaces
M. Section |Section 2 Section 3 Section 4 [Insulated v|Insulated vfWiz WindoyWiz Windoy. |[Triple—glazinWindows |Windows |Windows |Amount
Area 268.20 0 0 0 11.52 10.08 0 0f. 0 0 0 0
G North 988 315496 999 322232
G East 2464 434338 1047 211889
G South 1841 248367.0902 985 269442
G West 2076 386392 844 191644
Rso 0.06| SHGC 0.261 0.261 0 0]. 0.261 Sum=18! 18
n 0.3 0.3 0.7 0.7
External Layer [Plaster (Den 0 0 0
Custom Material
Custom a 0.744
a 0.744
Please Choose the Colour of the Plaster
North East South West North East South West
Qsop 42937.9 | 19907.6 | 42937.9 | 19907.6 |Qstra 1297.6] 47781.8] 30380.1] 43216.5
v v v Enter Manual Value if Desired v v v
% North 34.16
% East 15.84
% South 34.16 1
% West 15.84
Alternative Rendering Finishes |
Yellow-Earth | Antique-Yellow | Flamingo | Ice-White |ImperiaI—BIue |Jvory |Jade | Peach |Sand |Straw |Suede |Terra—Cotta |T0bacco |True—BIue |White
0.613 0.508 0.429 0.433 0.695 0.406 0.566 0.468 0.494 0.429 0.583 0.621 0.744 0.756 0.626
42937.94588 1297.582
19907.59309 47781.82
42937.94588 Black Grey Tranquil-Biue Anise Canary-Yellow
30380.12
19907.59309 43216.49 0.937 0.854 0.754 0.252 0.316
2.607567564 6.4117




Ventilation
vr 0.33
Type Office
Type Sealed Building
Nv 4
Ni 0.5
AT (°C) -7.88
V (m"3) 1514.7
L/h 6058800000
L/second 1683000
L/m2s 3333.33
qv 2249.3295
Qv (W) -18671.7| -17284.6
Qv (W) -5013.8| -23420.8
Qv (W) -15826.3| -18563.0
Qv (W) -31915.7| -11334.4
Qv (W) -17714.594| -17650.7
Heat Exchanger 100.00% 100.00%
Hottest Day Coldest Day
Q 352215.018 140048.180
AT (°C) 16.0 -0.6
Plate
Heat Transfer Area/m2 11.034 122.563|
Or Desired Heat T. Area
Heat Transfer Diameter/mm 3321.723 11070.799
H. Exchange Volume/m2 0.1 1.2
Efficiency 2000.0
http://www.cheresources.com/uexchangers.shtml
Spiral
Or Pipe Diameter/mm 150.0
Pipe Length Needed/m 23.4 0.3|
Efficiency 2000.0

<G
<S
<H
<P

Ventilation
Hottest Day

AT (°C) 1.09
AT (°C) -15.96
Qv (W) 2455
Qv (W) GSHP -35901

Ventilation
Coldest Day
AT (°C) -19.70
AT (°C) 0.57
Qv (W) -44313
Qv (W) GSHP 1285

Low Installation Cost (Plate Heat Exchanger)

High Weight Efficiency -125 m? /ton (Effective Area/Weight), no need additional foundation;

Low floor Area, High Area Efficiency - 100 m%/m? (Effective Area/Volume)

Duct Sizing Amount of Fresh Air Required is 1.683
Cross Section/ m2 Cross Section/m Fan Power/kW
Main Ducts 0.3 0.6 42.1
Branch Ducts 0.8 0.9 6.7
Diffusers 1.0 1.0 4.9




|Material |

Walls Conductivity (W/mK) [Aprox. a_|

Asbestos Cement Sheet 0.36

Asbestos Cement Decking 0.36

Brick (Outer) 0.84 0.48

Brick (Inner) 0.62 0.48

Cast Concrete (Dense) 1.44 0.80

Cast Concrete (Lightweight) 0.38 0.80

Concrete Block (Heavyweight) 1.63 0.80

Concrete Block (Medium Weight) 0.51 0.80

Concrete Block (Lightweight) 0.19 0.80

Fibreboard 0.06

Plasterboard 0.16 0.63]

Stone (Atrtificial) 1.3

Stone (Limestone) 1.5

Tile Hanging 0.84

Surface Finishes

External Rendering 0.5 0.63

Plaster (Dense) 0.05 0.63

Plaster (Lightweight) 0.16 0.63

Roofs

Aerated Concretre Slab 0.16 0.80

Asphalt 0.5 0.90

Felt/Bitumen Layers 0.5

Screed 0.41

Stone Chippings 0.96

Tile 0.84

Wood Wool Slab 0.1

Floors

Caste Concrete 1.13 0.80]

Metal Tray 50

Screed 0.41

Timber Flooring 0.14

Wood Blocks 0.14

Insulation

Expanded Polystyrene Slab 0.035

Glass Fibre Quilte 0.04

Glass Fibre Slab 0.035

Mineral Fibre Slab 0.035

Phenolic Foam 0.04

Polyutherane Board 0.025

Urea Formaldehyde Foam 0.04|http://people.bath.ac.uk/

Warmcel 0.035

Custom

Air Gap 0.19

Hemp Internal Plaster 0.0228

3

4

5

Windows U-Value G or SC_[SHGC

Single (10mm) 5 0.66 0.76

Double 3 0.35 0.40

Double—glazing with low—e coating 1.7 0.35 0.40

Tripple 2.2 0.26 0.30

Triple—glazing with multiple low—e coati 0.3 0.26 0.30

Window Frames

Wood 0.15

Steel 41 0.00

Copper 0.00

Wiz Windows

Wood frame, single 6mm glass 0.5 0.52 0.60

Wood frame, double glazing 2.9 0.52 0.60

Metal frame, single 6mm glass 6 0.52 0.60
same, but discontinuous frame 5.7 0.52 0.60

Metal frame, double glazing 3.6 0.35 0.40
same, but discontinuous frame 3.3 0.26 0.30

Vinyl frame, double (clear + clear) glazi 2.8 0.35 0.40
same, but argon filled clear + clear 1.9 0.32 0.37
same, but argon filled low-e clear + 1.7 0.36 0.41

Insulated vinyl frame, krypton fill, triple 1.9 0.26 0.30

Insulated vinyl frame, krypton fill, triple 0.5 0.26 0.30

Roof glazing double glazing 4.6 0.26 0.30

|Thermal Bridging Values |

To Find Any Window Click Here

Windows Fixing (Perimeter)

Conductivity (W/mK)

Standard 0.15
In the plane of insulation and joint sealdq 0
Wall Corner

Standard Homogeneous Wall (SHW) 0.1
Standard with External Insulation 0.15
Wall |

External Wall with Internal Insulation | 0
Joint of External and Internal Wall

Standard Homogeneous Wall (SHW) 0.12
Standard with External Insulation 0.06
Joint of External Wall and Floor

Standard Homogeneous Wall (SHW) 0.15
Standard with External Insulation 0.06
Parapet wall, cornice 0.2
Projecting balcony slab 0.3

Physics of Architecture

People |

Name Output (W)
Asleep 70
Normal 100
Active 700
Lights |

Name Output (W)
Compact Fluorescent 2 11
Compact Fluorescent 4 18
Fluorescent 36mm 2 fod 18
Fluorescent 36mm 4 fod 36
Fluorescent 36mm 5 fod 65
Fluorescent 36mm 6 fod 72

Electrical Equipment

Name WCPD WCNPR

Desktop 187 0.7

Laptop Computer 55 0.7

Printer 150 0.2

Photo Copier 850 0.25

Fax 38 0.25

Desk Fan 60 0.7
http://www.cribe.uk.com/
Introduction to Architectt

More Equipment

Name Output (W) |[WCNPR

Troffer Parabolic (reces 32

Washer 60

Laws

Thermodynamics

Heat can only be converted

Heat transfers (Spontaniously) from Warm to Cold

Material Absorptance |

Brick Walls

a at 6000°C a at 50°C

White, Glazed 0.25 0.95
Light Colours 0.4 0.9
Dark Colours 0.8 0.9

Convection

Radiation

Glossary |

Unit & Formula Name

Q (W=J/S) Heat Flow (Flux) Rate
Q (W/m?) Heat Flow Rate Density
Wh Watt-Hour

A (W/mK) Conductivity

U (W/m°K) U-Value

Types of Heat Transfer Formula

Conduction U=A*d=1/R

Qcv=A*HCc*AT

Qr= A*a*e*((T1/100)M-(T21

Qr= A*5.7w/m’K**¢
Qs=A*G*«

Concrete a at 6000°C a at 50°C
Black 0.91 -
Brown 0.85 -
Uncoloured 0.65 -
Roofs

Asphalt/Bitumen 0.9 0.96
Red Tiles 0.65 0.85
White Tiles 0.4 0.5
Aluminium, Oxidised 0.3 0.11
Bright Aluminium, Chron 0.1 0.03
Bright (new) Aluminium 72 0.05
Weathered Building Surfaces

Light 0.5 0.6
Medium 0.8 0.95
Paint

White 0.3 0.92
Matt Black 0.96 0.96
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1. Weather Analysis (General)
2. Approach to Passive Building Facade

a) Comfort Aims

b) Design Approach & Decisions

c) Passive Building Performance Summary
3. Approach to Active Building Facade

a) Energy Demand Aims

b) Design Approach & Decisions

c) Active Building Performance & Servicing
4. Workbooks (Excel)

5.Conclusiont € €@ @ @ @ @ @

Active Approach

Design Approach and Decisions

Through thorough analysis, several patterns and relation-
ships between the building skin properties and the building
performance where discovered. For example the difference
of an exponential relationship of qv to To and a linear rela-
tionship of gc to Qmec. This method was very successful
in finding a target zone for these properties in order to
achieve the most suitable and efficient skin.

The complexity of the information included in each calcula-
tion asks for a great amount of consideration in all do-
mains of the design decisions. Therefore a very compre-
hensive and extensive excel sheet or software is immeas-
urably valuable to the process. Further more the use of
applied physics and understanding of the formulas is im-
portant in order to be able to modify these and apply your
own innovative ideas into them.

These sort of projects are very valuable to the experience
of any student.
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Any intelligent fool can make things
bigger, more complex, and more vio-
lent. It takes a touch of genius -- and
a lot of courage -- to move in the op-
posite direction.

\

Albert Einstein
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