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CHAPTER 1:

INTRODUCTION

1.1 Introduction to Passivhaus

1.2 The five principles of passivhaus
1.3 Climatic Data for parametric analysis PHPP




1.1 Introduction to Passivhaus

PASSIVHAUS

Student Competition

O The definition of Passivhauss driven by air quality and
comfort: "A Passivhaugs a building in which thermal
comfort can be achievedsolely by postheating or post

coolingthe fresh air flow requiredfor a good indoor air Shonsoied by
quality, without the need for additional recirculation of T&BM:&C

air." - Passivhaustitut (PHI)

. Certified
Passive House

Passive House Institute

Student Name:
Syed Asmar Ul

Requirements Hassan
Xin Huang
Keep in mind the Passivhaus requirements Project Name:

| Idea Studio Milan
i Operative room temperature: 20°C;
Summer temperature: 25°C, exceeded in less than 10% of the time; University Name:
i Ventilation: 30m?® fresh air/person.h; University of
Internal heat gains: 2.10 to 4.10 W/m?; Nottingham

| Air exchange rate: n50< 0.6 h%;
Window < 0.8W/m?K;

. Annual heating demand < 15 kWh/m?3;
Heating load < 15W/m?;

All of the PH requirements were duly met by iteration of
the  thermal envelope, architectural facade &

construction details of the chosen building .




1.2 The five principles of Passivhaus

Thefollowing five basic principles apply for the
construction of Passive Houses

Thermal insulation

All opaque building components of the exterior

envelope of the house must be very wiglsulated. For

most cooltermperateclimates, this means a heat 7;,a,\“"m”“' 2
transfer coefficient (bWalue) of 0.15 W/(m2K) at the : &
most, i.e. a maximum of 0.15 watts per degree of
temperature difference and per squameetre of
exterior surface are lost

N(t'\ghtneSs

Passive House windows
The window frames must be well insulated and fitted _
with low-e glazingdilled with argon or krypton to
prevent heat transfer. For most cetdrmperate

"
climates, this means a-talue of 0.80 W/(m2K) or Iess, ’ ‘ ([
with g-values around 50% -¢plue= total solar T

transmittance, proportion of the solar energy available
for the room).

Ventilation heat recovery

Efficient heat recovery ventilation is key, allowing for a
good indoor air quality and saving energy. In Passive
House, at least 75% of the heat from the exhaust air is
transferred to the fresh air again by means of a heat

exchanger Absence of thermal bridges

. . All edges, corners, connections and penetrations must be
Airtightness of the building planned and executed with great care, so that thermal bridges

Uncontrolled leakage through gaps must be sm.aller can be avoided. Thermal bridges which cannot be avoided must
than 0.6 of the total house volume per hour during a be minimised as far as possible.

pressure test at 50 Pascal (bqihessurisedand
depressurisejl
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1.3 Climatic Data for parametric analysis PHPP

Passive House planning:

CLIMATE DATA

PASSIVHAUS

Student Competition

sponsored by

TARMAC

Building:
Transfer to annual method (Annual Heating)
Climate building [IT] - Lombardia-Milano (1996-2005) Hr 157 dia
G 52 kKhia
Monthly data: [IT] - Lombardia-Milano (1996-2005) North 72 kWh/(m?a)
Region: {S-Europe Annual data: East 152 KWh/(m?a)
Use annual climate data set no South 317 kWh/(m?3a)
Climate data set |[IT_| - Lombardia-Milano (1996-2005) - Results: West 164 kKWh/(m?#a)
Annual heating demand 31.1 K\Wh/(m?2a) Horizontal 249 kWh/(m?2a)
Weather station (altitude): 98.0 m Heating load 17.2 Wim?
Building location (altitude): m Primary energy i KWh/(m?a)
Month 1 2 3 4 5 3] 7 8 9
Days 3 28 3 30 3 30 3 3 30
Parameters for PHPP calculated [IT] - Lombardia-Milano (1996-2005) |  Latitude: 455 Longitude © 92 Altitude m 08 Daily temperature swing Summer (K)
ground temperatures:
Phase shift months Ambient temp 34 5.5 101 13.2 19.2 234 247 247 198
060 MNorth 11 15 25 34 44 51 53 38 27
Damping Fast 20 32 59 81 94 105 110 100 67
0.3 South 55 69 97 97 90 86 96 105 103
Depth m West 25 33 60 78 89 98 111 91 69
1.00 Global 34 52 95 133 160 176 187 162 112
|[ES] - Barcelona Dew point 0.0 01 39 73 126 16.5 18.0 187 143
1.00 Sky temp 71 6.4 2.4 1.3 79 11.5 13.1 14.2 96
Ground temp 16.5 16.0 16.1 16.7 17.6 18.6 19.5 19.9 19.8
Comment —
Solar radiation + Ambient temperature
200
180
160 —a— North
.E_" 140 ——s— East
c
E 120 o South
EE 100
= West 10 11 12 Heating load Cooaling load
é 80 1 7 31 30 31 Weather 1| Weather 2 Weather 1| Weather 2
2 O o— Global _ o o
60 pr 97 Radiationdata: | kWh/(m?month) Radiation: W/m? Radiation: W/m?
40 s Ambiient temp 148 84 41 09 31 289 289
@ 22 11 9 16 8 50 50
20 1 . 42 22 17 33 8 95 95
Dew point 78 54 47 121 8 108 108
0 +—= T T T T T T T T T 0 44 25 20 44 i g2 g2
71 37 27 57 16 168 168
1 2 3 4 5 6 7 8 9 10 11 12 13 51 09 217 217
6.2 0.4 58 205 217
Month 19.2 18.3 17.3 15.1 15. 20.8 20.8
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2.1 Introduction to the selected project zone

In order for the building to comply with the Passivhaus standards a specific PASSIVHAUS
residential part of the building was selected as illustrated in the image below. Student Competition
The 24 apartments were selected in order to initiate an architectural and
environmental response to the building units and lower the heating and cooling
demands of the desired space.
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2.2 Assembly details 2 Wall, Roof, Floor U -Values

PASSIVHAUS

Student Competition
Wall
Layer Thickness(m | Conductivity(W/ | Resistance(rfK/
10)] mk) W)
sponsored by
10 0.025 0.40

Polyurethane
300 1.400 0.21
Polyurethane [ls] 0.025 0.40

U-value (W/mPK)

TARMAC

A CRH COMPANY

0.84
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1.5.03, registered to: holy [Unregister] [Help & Support] [Language: ]

Update window options Redraw windows |

Project Name:
Idea Studio Milan

[ Overview |[ Heat balance || Areas || U-value editor || Assemblies || Components |[ Climate |

v Assemblies (default) University Name:
Grp. no. Area group Assembly no. Assembly nhame Total thickness (m) U-value (W/m?K) University of
7 External Door 89ud External Door 0.05 0.50 .
8 External Wall - Ambient 83ud Concrete Wall 0.32 0.84 Nottingham
9 External Wall - Ground 86ud Basement wall 0.41 0.25
10 Roof/Ceiling - Ambient 84ud Roof 0.46 0.51
11 Floor slab / Basement ceiling 85ud Floor 0.30 0.35
14 Temperature zone X 88ud Wall to zone X 0.46 0.15
18 Partition Wall to Neighbour 87ud Partition wall to neighbour 0.41 0.25
¥ Assemblies (user-defined)
ID Assembly name Total thickness (m) U-value (W/mZ3K) Internal insulation?
83ud Concrete Wall 0.32 0.84 ]
84ud Roof 0.46 0.51 []
85ud Floor 0.3 0.35 ]
86ud Basement wall 0.41 0.25 ]
87ud Partition wall to neighbour 0.41 0.25 ]
88ud Wall to zone X 0.46 0.15 ]
89ud External Door 0.05 0.5 ]

| show more... (10 rows hidden) |




2.3 Glazing Details & Summer Ventilation

PASSIVHAUS

¥ Glazing (user-defined)

| ID | Description g-value U-value (W/m?K) StUdenf Compehnon
Otud PH glazing 0.5 0.8
02ud Single glazing 0.87 5.8
03ud Double glazing 4/16mm air/4 0.77 2.7
04ud 0.0 0.0
05ud 0.0 0.0 sponsored by
06ud Arctic - Glazing 0.42 0.35
07ud Arctic - Door panel 0.0 0.3 TARMAC
| show more_.. (8 rows hidden) | A CRH COMPANY
¥ Frames (user-defined)
U-frame, | U-frame, | U-frame, | U-frame, | Width, | Width, | Width, (Width,| _ P | Pt | Pst | Pst Psi | Psi ce
ID Description Left Right | Bottom | Top | Left | Right |Bottom| Top PL " E. ot Bp o Er * | installation, | 'S 210N | INTA SN | installation, IW,K
(WIm?K) | (Wim2K) | (WimK) [ (Wim=K) | (m) | (m) | (m) | (m) e '9 otom | 10 || oft (WimK) 19 ottom | 1 wimk) | (W/K)
(W/mK) | (W/imK) | (WimK) | (W/mK) (W/mK) (W/mK) Student Name:
01ud PH-FRAMES: average thermal quality 0.75 0.75 0.75 0.75 0.14 0.14 0.14 0.14 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.0
02ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Syed Asmar UI
03ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hassan
04ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
05ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | XIN Huang
06ud Arctic - Window frame 0.48 0.48 0.48 0.48 0.07 0.07 0.07 0.07 0.033 0.033 0.033 0.033  0.01 0.01 0.01 0.01 0.0
07ud Arctic - Door frame 0.58 0.58 0.58 0.58 0.07 0.07 0.07 0.07 0.013 0.013 0.013 0.013 0.01 0.01 0.01 0.01 0.0
| show more.... (8 rows hidden) | Project Name-

Idea Studio Milan

University Name:
Passive House planning: SUMMER VENTILATION University of

Nottingham
Building: Building type:

Building volume: 4171 m? Heat recovery nygy: 91%

Max. indoor absolute humidity: 12 g/kg Energy recovery ngg: 0%

Internal humidity sources: 2 a/(m?h) Subsoil heat exchanger 1" sy 0%

Results passive cooling Results active cooling
Frequency of overheating: 34.4% at the overheating limit 9, =25 °C Useful cooling demand: 28.7 kWh/(m2a)
Frequency of exceeded humidity: 25.2% Dehumidification demand: 6.9 kWh/(m?a)
max. humidity: 14.2 alkg




2.4 Simulated Annual Heating Demand Results - Design PH

B designPH main U
oo PHIEZ
EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE
1.5.03, registered to: holy [Unregister] [Help & Support] [Language: ]
Update window options Redraw windows |
Overview || Heat balance || Areas || U-value editor || Assemblies || Components || Climate |
¥ Heat balance ¥ Project overview
— 450 EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE
‘SE“ 425 B Transmission heat loss
= (opaque surfaces and i i
E gg,g thommal bridges) Climate Firenze change
= 35'0 Ventilation heat losses i .
0 225 B Transmission heat loss Annual heat demand (Qn) 25.3 kWh/m?a details
2 300 (windows) Treated Floor Area (TFA) 1668 m? (User-defined) details
% 215 - Non-useful heat gains Thermal envelope area 2045 m? details
T 250 ﬁz:::::g:t h;‘:tsdema"d Heat Loss Form Factor 1.23
;ég Solar heat ga?ns Projected building footprint -—m?
17.5 15.0
15.0 Number of windows 48 details
12.5 Number of thermal surfaces 56 details
1?'2 Number of thermal bridges 1 details
5.0
25 Thermal envelope checks
0.0

Losses Gains

unintersected faces in the envelope!
Projection along Blue axis:
Projection along Red axis:
Projection along Green axis:

The thermal envelope appears to be incomplete!
This may be caused by incorrectly assigned non-thermal surfaces, reversed faces, a hole, glued components, or

100.0% variance
0.0% variance
0.0% variance

Render mode

Render by Area Group
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2.5 Annual heating demand and heating load

- PHPP

60

50

40

Heat flows [kWh/(m?a)]
[¥%)
o

20

10

Energy balance heating (annual method

9.2

7.9

Losses Gains

o
m Heating demand
Hinternal heat gains
oSolar gains

m Ventilation

o Thermal bridge loss
m]

OWindows

m Floor slab / Basement ceiling
m Roof/Ceiling - Ambient

=]

O Exterior wall - Ambient

OMNon useful heat gains

Annual Heating PHPP

kkh
kkh
kWh
kWh
KWh/m?
kWh
kWh
kWh
kWh
kWh
kWh
kWh
kWh/m?

kWh
kWh/m?

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Heating degree hours - External 129 10.3 8.1 56 13 17 28 28 07 44 8.8 124 57
Heating degree hours - Ground 26 27 29 24 18 1.0 04 01 0.1 0.6 12 20 18
Losses - Exterior 19401 15529 12134 8355 1909 -2618 -4178 -4277 1108 6557 13248 18569 85736
Losses - Ground 509 515 558 459 342 191 78 17 29 113 237 390 3437
Sum spec. losses 119 96 76 53 13 1.5 2.5 -2.6 07 40 8.1 114 535
Solar gains - North 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar gains - East 1809 2447 3747 4230 4312 4438 4767 4884 4073 2873 1838 1551 40968
Solar gains - South 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar gains - West 607 806 1535 2148 2669 3057 3388 2478 1764 1191 603 472 20717
Solar gains - Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar gains - Opaque 1061 1510 2590 3367 3875 4216 4529 3996 2953 1966 1107 869 32038
Internal heat gains 2607 2354 2607 2523 2607 2523 2607 2607 2523 2607 2523 2607 30691
Sum spec. gains solar + internal 386 43 63 74 8.1 85 9.2 8.4 6.8 5.2 36 3.3 7486
Utilisation factor 100% 99% 89% 67% 17% 100% 100% 100% 10% 70% 99% 100% 3%
Annual heating demand 13843 9016 3328 617 0 0 0 0 0 584 7494 13471 48352
Spec. heating demand 8.3 54 20 04 0.0 0.0 0.0 0.0 0.0 0.3 45 8.1 29.0
14 == Spec. heating demand ——18um spec. gains solar + intemal =m=S8um spec. losses
=
£ 2w
c \ Vol
g 10 — A 1
£
8 88— — = ]
e 64— —1 [ / L
9 X —
" T 1 —
o c 4
G E
o 411 I 1 | (-
[T 2
Q. T
? o 0 ‘ . ‘ : : :
‘_5 Jan Feb Mar Apr May un Jul Aug/ Sep QOct Naov Dec
3 2
o -
I
4

Heating Load PHPP
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2.6 Cooling Loads - PHPP

Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec Year
Heating degree hours - Exteriol  16.7 137 118 92 5.0 19 1.0 09 4.4 8.1 124 16.1 101 kkh
Heating degree hours - Ground 64 6.0 6.6 6.0 55 46 41 38 37 43 48 57 62 kkh
Losses - Exterior 26374 21703 18668 14482 7847 2862 1400 1301 6815 12783 19679 25496 159411 |kWh
Losses - Ground 1228 1165 1277 1155 1061 887 797 736 724 832 933 1109 11902  |kWh
Losses summer ventilation 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Sum spec. heat losses 16.5 137 12.0 94 5.3 22 13 12 45 82 124 159 1027  |kWhim?
Solar load North 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load East 1831 2477 3793 4283 4365 4494 4827 4945 4123 2908 1861 1570 41478 |kWh
Solar load South 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load West 688 913 1739 2434 3025 3464 3639 2807 1999 1350 683 535 23475 |KWh
Solar load Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load Opaque 1061 1510 2590 3367 3875 4216 4529 3996 2953 1966 1107 869 32038 |kWh
Internal heat gains 3824 3454 3824 3700 3824 3700 3824 3824 3700 3824 3700 3824 45019  |[kWh
Sum spec. loads solar + interng 4.4 5.0 1.2 83 9.0 95 10.2 9.3 77 6.0 4.4 41 85.1 KWh/m?
Utilisation factor losses 27% 36% 57% 76% 96% 100% 100% 100% 96% 68% 35% 26% 50%
Useful cooling energy demand 14 56 501 1840 6536 12129 14823 13535 5537 819 45 11 55845  |kWh
Spec. cooling demand 0.0 0.0 0.3 11 39 7.3 89 81 33 05 0.0 0.0 335 KWhim?
Specif. dehumidification demar] 0.0 0.0 0.0 0.0 0.0 0.6 28 35 0.0 0.0 0.0 0.0 6.9 KWh/m?
Sensible fraction 100% 100% 100% 100% 100% 92% 76% 70% 100% 100% 100% 100% 83%
18 — Spec. cooling demand == Sum spec. heat losses Sum spec. loads solar + intemal
—
= 16 -
=)
G
s 2 14 -
=
o £ 12
- =
n 5 10 S~
8 = N e g M e
N _
0T 8 =
- £
0 ©
= £ 6
=T
=]
Q 4
oD
0w c
© 2 -
S
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The basecase
2.7 Verification Summary Variant 01
DL ]
Postcode/City, | d ______ O _____ e _____ S ______ n tW O
Country: ~p PASS'VHAUS
Buidingtype: | Student Competition
Climate: [IT] - Lombardia-Milano (1996-2005) Altitude of building site (in [m] above sea level):; . o )
Homeowner/Client |
Street. f sponsored by
Postcode/City:
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- TARMAC
L L A CRH COMPANY
Street. L
Postcode/City: ¢
Mechanical system: Student Name:
S e e et Syed Asmar Ul
Postcode / City:
Vear of consiruction IntenortemeraturewmterZDD‘C """""""" Enclosedvolume\fm*‘ H.assan
R S — erorTemp | —— 1 e e I y Xin Huang
MNo. of dwelling units: L 2 4 _______________ Interior temperature summer: 250 C Mechanical cooling: b4 1]
No. of occupants: 477 ___________ . Internal heat sources winter:g ___________ 2:L Wim?2 ) _
Spec. capacity: _______________ 60 _____________ ‘ Wh/K per m® TFA Ditto summer:i ___________ 3 l Wim? PrOJeCt Name
Idea Studio Milan
Spedcific building demands with reference to the treated floor area
Treated floor area 1668.4 im Requirements Fulfilled?* University Name:
< . .
Space heating Heating demand 29 kWh/(m?a) 15 kWhi(m?a) no Umyersﬂy of
|
Heating load 16 Wim? 10 Wi no Nottingham
~ As seen in the
Space cooling Overall specif. space cooling demand 40 kWh,f[mza] 18 kWhi/(m?a) no final verification
Cooling load 13 wm’ 10 Wi sheet for variant
Frequency of overheating (> 25 °C) % ° > 01 none of the
. Heating, cooling, dehumidification, DHWV, 2 i
P"mary energy auxiﬁ:r;rnglecc?rcilclir:g, Iight?ng%ngllelctl:r?c:atlmappliances kWhI[mza] 120 kWhi(m*a) PaSSIVhaUS
DHW, space heating and auxiliary electricity kWh,r(mza) ) standards were
Specific primary energy reduction through solar electricity kWh,r(mQa) ) met therefore we
need make the
Airtightness Pressurization test result nsg 0.6 1/h 0.6 1/h envelope better
* empty field: data missingdl'-'- no requirement
Passive House?
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3.1 Assembly details 2 Wall, Roof, Floor U -Values

PASSIVHAUS

Student Competition

sponsored by

TARMAC

A CRH COMPANY

designPH
EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE

1.5.03, registered to: holy [Unregister] [Help & Support] [Language: ]
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Student Name:
Syed Asmar Ul
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[ Overview || Heat balance || Areas || U-value editor || Assemblies | Components || Climate | Xin Huang
¥ Assemblies (default)
Grp. no. Area group Assembly no. Assembly name Total thickness (m) U-value (W/m2K) Project Name:
7 External Door 89ud External Door 0.05 0.50 Id St d Ml
8 External Wall - Ambient 83ud PH External Wall 0.46 0.15 €ea udio lan
9 External Wall - Ground 86ud Basement wall 0.41 0.25
10 Roof/Ceiling - Ambient 84ud PH Roof 0.46 0.15 : . .
11 Floor slab / Basement ceiling 85ud PH Floor 0.41 0.25 U n I\_lersn_:y Name '
14 Temperature zone X 88ud Wall to zone X 0.46 0.15 UnlverS|ty of
18 Partition Wall to Neighbour 87ud Partition wall to neighbour 0.41 0.25 Nottlngham
¥ Assemblies (user-defined)
ID Assembly name Total thickness (m) U-value (W/mZK) Internal insulation?

83ud PH External Wall 0.46 0.15 ]

84ud PH Roof 0.46 0.15 []

85ud PH Floor 0.41 0.25 ]

86ud Basement wall 0.41 0.25 ]

87ud Partition wall to neighbour 0.41 0.25 ]

88ud Wall to zone X 0.46 0.15 ]

89ud External Door 0.05 0.5 ]

| show more... (10 rows hidden) |

¥ Assemblies (user-calculated U-values)
| Assembly ID | Assembly hame | Thickness (m) | U-value (W/im2K) | Internal insulation?
01ud New assembly 0.00 D




3.2 Glazing Details & Summer Ventilation

PASSIVHAUS

Student Competition

oo PH
EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE
1.5.03, registered to: holy [Unregister] [Help & Support] [Language: IEN v

Update window options Redraw windows

sponsored by

Overview Heat balance Areas U-value editor | Assemblies | Components | Climate

¥ Glazing (user-defined) TARMAC

ID Description g-value U-value (W/m2K) SRS
01ud PH glazing 0.5 0.8
02ud Single glazing 0.87 5.8
03ud Double glazing 4/16mm air/4 0.77 2.7 Student Name:
04ud 0.0 0.0 Syed Asmar Ul
05ud 0.0 0.0 Hassan
06ud Arctic - Glazing 0.42 0.35 Xin Huang
07ud Arctic - Door panel 0.0 0.3
| show more... (8 rows hidden) | PrOjeCt Name:

¥ Frames (user-defined) Idea Studio Milan
U-frame,|U-frame, |U-frame, |U-frame, | Width, \Width, | Width, |Width, | _ ':*;ier . ':ir . F;iier . ';iier

ID Description Left | Right |Bottom | Top | Left |Right |Bottom| Top |SHE gight’ Bottom pTop ' . . _

(WIm?K) | (W/m?K) | (W/m?K) | (WimeK) | (m) | (m) | (m) | (m) | e e i |k University Name:

01ud PH-FRAMES: average thermal quality 0.75 0.75 0.75 0.75 0.14 0.14 0.14 0.14 0.04 0.04 0.04 0.04 Un'\_’ers'ty of
02ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0.0 |Nottingham
03ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Frequency of

04ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .
overheating 58.6%,
Passive House planning: SUMMER VENTILATION which Is currently
> very high. Shall be
Building: Building type: reduced using
Building volume: 4171 m? Heat rgcovery nyry: 91% R 3 3
Max. indoor absolute humidity: 12 a/kg Energy necovery nggr: 0% Specm_c Ventllatlon
Internal humidity sources: 2 g/(m?h) Subsoil heat exchanger n*suy: 0% & COOIIng measures.
Results passive cooling Results active cooling
Frequency of overheating: 58.6% at the overheating limit 9., =25 °C Lseful cooling demand: 20.9 kWh/(m?a)
Frequency of exceeded humidity: 25.2% Dehumidification demand: 6.9 kWh/(m?a)
max. humidity: 14.2 g/kg |




3.3 Simulated Annual Heating Demand Results - Design PH

PASSIVHAUS

Student Competition

B designPH main — O X

s PHIE

EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE

1.5.03, registered to: holy [Unregister] [Help & Support] [Language: ] S—
Update window options | Redraw windows | TARMAC
Overview | Heat balance || Areas || U-value editor || Assemblies || Components || Climate | BRI
¥ Heat balance ¥ Project overview
— 200 EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE Student Name:
og M Transmission heat loss S d A UI
= 175 (opaque surfaces and Climate Firenze change ye Smar
. ; thermal bridges)
2 o Hassan
= 15.0 Ventilation heat losses . )
0 15.0 B Transmission heat loss Annual heat demand (Qp) 4.4 kKWh/m?a details Xin Huang
ke (windows) Treated Floor Area (TFA) 1668 m? (User-defined) details
= 12.5 Non-yseful heat gains Thermal envelope area details .
T = i‘:gﬁ:gf:g:t;;idema"d Heat Loss Form Factor Project Name:
1001 5 44 Solar heat gains Projected building footprint -—-m? Idea Studio Milan
6.9
75
Number of windows 48 details . . )
50 Number of thermal surfaces 56 details U nl\_/er3|t_y Name:
Number of thermal bridges 1 details University of
25 Nottingham
Thermal envelope checks
0.0 . The thermal envelope appears to be incomplete!
Losses Gains This may be caused by incorrectly assigned non-thermal surfaces, reversed faces, a hole, glued components, or
unintersected faces in the envelope!
Projection along Blue axis: 100.0% variance
Projection along Red axis: 0.0% variance
Projection along Green axis: 0.0% variance
Render mode Render by Area Group




3.4 Annual heating demand and heating load

- PHPP

Heat flows [kWh/(m?a)]

Energy balance heating (annual method)

20

15 ~

13

50 6.0

kih
kih
kWh
KWh
kWh/m?
kWh
kWh
kKWh
kWh
kWh
KWh
KWh
KWh/m?

kWh
kKWh/m?

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Heating degree hours - External 12.8 10.2 79 54 11 -1.9 -3.0 -3.0 06 42 87 123 55
Heating degree hours - Ground 31 31 34 29 22 14 0.8 04 05 09 16 24 23
Losses - Exterior 6426 5124 3969 2708 546 -876 -1501 -1525 288 2129 4377 6152 27716
Losses - Ground 429 431 470 396 310 194 109 60 B5 128 220 337 3149
Sum spec. losses 41 3.3 27 18 05 -0.5 -0.8 -0.9 0.2 14 28 3.9 185
Solar gains - North 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar gains - East 173 1587 2431 2744 2797 2879 3093 3168 2642 1864 1192 1006 26577
Solar gains - South 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar gains - West 394 522 995 1393 1731 1983 2197 1607 1144 773 391 306 13437
Solar gains - Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar gains - Opaque 242 350 609 807 939 1025 1097 964 701 461 255 197 7647
nal heat gains 2607 2354 2607 2523 2607 2523 2607 2607 2523 2607 2523 2607 30691
o | spec. gains solar + internal 26 29 40 45 48 5.0 54 50 42 34 26 25 470
sation factor 100% 96% 67% 42% 1% 100% 100% 100% 5% 40% 94% 100% 31%
m Heating demand 1al heating demand 2453 910 19 0 0 0 0 0 0 0 510 2383 6275
2. heating demand 1.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 14 3.8
@ Internal heat gains
oSolar gains
m Ventilation 6 == 8pec. heating demand ——1Sum spec. gains selar + intemal =m—Sum spec.losses |
o Thermal bridge loss = 5
=
o s —
. £ 4 4 — [ —
OWindows 24
£E
© =
] 3 — — — — —
oc
-2 [
[
5] x
3 = 24 4 1 |
o T
o o c
-« 1 4 I I [ I [
m Floor slab / Basement ceiling g E
g9 [
= Roof/Ceiling - Ambient 5o 0 : : >, : : . . :
c Jan Feb Mar Apr May Jul Aug Sep Qct Nov Dec
m =
g -1
’ O Exterior wall - Ambient T
Losses Gains ONon useful heat gains 2
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3.5 Cooling Loads - PHPP

| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Heating degree hours - Exteriol 16.6 137 118 9.1 49 18 09 08 43 8.1 12.4 16.1 100 ki<h PASS'VHAUS
Heating degree hours - Ground 6.8 6.5 71 6.5 6.0 50 45 42 41 46 52 6.2 67 ki<h
Losses - Exterior 9686 7946 6797 5251 2786 930 385 361 2419 4854 7219 9367 57801 |kWh Student Competition
Losses - Ground 943 896 985 894 825 692 623 574 563 643 718 852 9207 kWh
Losses summer ventilation 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Sum spec. heat losses 6.4 53 47 37 22 1.0 06 06 18 32 48 6.1 402 kWh/m?
Solar load North 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load East 1187 1605 2458 2776 2829 2912 3128 3205 2672 1885 1206 1018 26882 |kWh sponsored by
Solar load South 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load West 446 592 1128 1578 1962 2247 2490 1821 1296 876 443 347 15225  |[kWh
Solar load Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh TA R M AC
Solar load Opaque 242 350 609 807 939 1025 1097 964 701 461 255 197 7647 |kwh ACRECOMPANY
Internal heat gains 2607 2354 2607 2523 2607 2523 2607 2607 2523 2607 2523 2607 30691  |kWh
Sum spec. loads solar + internd 27 29 4.1 46 50 52 56 52 43 35 27 25 482 kWh/m?
Utilisation factor losses 42% 55% 83% 97% 100% 100% 100% 100% 100% 94% 56% 41% 68%
Useful cooling energy demand 1 8 309 1697 4726 7084 8314 7661 4210 834 7 0 34851 _|kWh Student Name:
Spec. cooling demand 0.0 0.0 0.2 1.0 28 42 5.0 4.6 25 05 0.0 0.0 20.9 KWh/m?
Specif. dehumidification demar| 0.0 0.0 0.0 0.0 0.0 06 28 35 0.0 0.0 0.0 0.0 55 e | Syed Asmar Ul
Sensible fraction 100% 100% 100% 100% 100% 87% 64% 56% 100% 100% 100% 100% 75% Hassan
Xin Huang
7 — Spec. cocling demand == Sum spec. heat losses Sum spec. loads solar + intemal P roject N ame:
— . .
T Idea Studio Milan
=
~ O -
g w1 versi
gg 5 . - University Name:
o - = - -
43 University of
- 4 .
= Nottingham
" X,
/2]
0T 3
- £
4]
L
-
-a 8 2
Q
oo
(=
= 1
(=]
S
0 T T T T T T T T T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nv Dec

HIGH COOLING LOADS
OBSERVED




3.6 Verification Summary

Postcode / City:
Country:

Building type:
Climate: E[IT] - Lombardia-Milano (1996-2005)

Home owner / Client:
Street:
Postcode/City:

Architecture:
Street:
Postcode / City:

Mechanical system:

Street. i
Postcode / City: :
Year of construction: Interior temperature winter:é ------------ 2 00 --------- ‘ °C Enclosed volume V, m3:§ --------------------------------- ‘
P « e
No. of dwelling units: T ; Interior temperature summer; 250 °C Mechanical cooling:; x ‘
No. of occupants: 47.7 Internal heat sources winter:é 2.1 | Wim?
Spec. capacity: GD‘WhIK perm? TFA Ditto summer:, 21 ______________ - W/m2
Specific building demands with reference to the treated floor area
g «
Treated floor area 1668.4 m Requirements Fulfilled?*
A
Space heating Heating demand 4 I(th(mza) 15 kWh/(m?a) yes
h |
Heating load 5 W/m? 10 Wim? yes
A
Space cooling Overall specif. space cooling demand 32 I(th(mza) 18 kWh/(m?a) no
Cooling load 7 W/m? 10 Wim? yes
b
Frequency of overheating (> 25 °C) % - -
. Heating, cooling, dehumidification, DHW, 2
P"mary energy auxiliary electricity, lighting, electrical appliances kth(ITI a) 120 kth(mza)
DHW, space heating and auxiliary electricity kWh;’(mza) - -
Specific primary energy reduction through solar electricity kWh;’(mza) - -
Airtightness Pressurization test result nx, 0.6 1/h 0.6 1/h yes

* empty field: data missina:

: no_regquirement
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CHAPTER 4: VARIANT -03 (ARCHITECTURAL INTERVENTION)

4.1 Facade intervention with solar heat gain and lighting analysis
4.2 Modeling the intervention in  SketchUp with Design PH interactive details
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4.1 Facade intervention with solar heat gain and lighting  analysis

North

West

South

Average
daylight
factor: 1.6%

Average
daylight
factor: 2.6%

Average
daylight
factor: 2.8%
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4.2 Modeling the intervention in  SketchUp with Design PH interactive details

The architectural intervention fabrication was implicated to decrease the amount of solar heat gain
from the south western side while still allowing the light to ingress from the east side. The
mechanism could then be tested by Design PH to further enhance the orientation system of the
window . The lighting testing done in IES showed that the intervention could reduce the solar heat
gain during the summer time period by a significant amount.
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4.3 Modeling the intervention in  SketchUp with Design PH

Interactive details
PASSIVHAUS

Student Competition

sponsored by

TARMAC

A CRH COMPANY

Student Name:
Syed Asmar Ul
Hassan

Xin Huang

Project Name:
Idea Studio Milan

University Name:
University of
Nottingham

designPH ;0




4.4 Treated Floor Area - Blowup
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4.5 Assembly details 2 Wall, Roof, Floor U -Values

PASSIVHAUS

Student Competition

& designPH main — U

‘}0 sponsored by

EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE
1.5.03, registered to: holy [Unregister] [Help & Support] [Language: ] TARMAC

A CRH COMPANY

Update window options Redraw windows |

| Overview || Heatbalance | Areas | U-value editor ||Assemb|ies || Components || Climate |

¥ Assemblies (default) Student Name:
Grp. no. Area group Assembly no. Assembly name Total thickness (m) U-value (W/m2K) Syed Asmar Ul
7 External Door 89ud PH External Door 0.05 0.50
8 External Wall - Ambient 83ud PH External wall 0.46 0.15 Hassan
9 External Wall - Ground 86ud PH Basement wall 0.41 0.25 X|n Huang
10 Roof/Ceiling - Ambient 84ud PH Roof 0.46 0.15
11 Floor slab / Basement ceiling 85ud PH Floor 0.41 0.25
14 Temperature zone X 88ud Wall to zone X 0.46 0.15 Project Name:
18 Partition Wall to Neighbour 87ud Partition wall to neighbour 0.41 0.25

Idea Studio Milan

¥ Assemblies (user-defined)

ID Assembly name Total thickness (m U-value (W/m2K Internal insulation? . . .
_ L Loy University Name:
83ud PH External wall 0.46 0.15 ] ) .
University of
84ud PH Roof 0.46 0.15 O .
Nottingham

85ud PH Floor 0.41 0.25 ]
86ud PH Basement wall 0.41 0.25 ]
87ud Partition wall to neighbour 0.41 0.25 ]
88ud Wall to zone X 0.46 0.15 ]
89ud PH External Door 0.05 0.5 ]

| show more... (10 rows hidden) |




4.6 Glazing Details & Summer Ventilation

PASSIVHAUS

Student Competition
S
& designPH main = X
sponsored by
esiorPHIEA
EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE TARMAC
1.5.03, registered to: holy [Unregister] [Help & Support] [Language: ] A CRH COMPANY

Update window options Redraw windows |

| Overview || Heatbalance || Areas | U-value editor || Assemblies ||Components|

Student Name:

¥V Glazing (user-defined) Syed Asmar Ul
ID Description . g-value U-value (W/m2K)

01ud PH glazing 0.5 0.8 H.assan

02ud Single glazing 0.87 5.8 Xin Huang

03ud Double glazing 4/16mm air/4 0.77 2.7

O4ud 0.0 0.0 Project Name:

05ud 0.0 0.0 Idea Studio Milan

06ud Arctic - Glazing 0.42 0.35

07ud Arctic - Door panel 0.0 0.3 University Name:
| show more... (8 rows hidden) | University Of

v Frames (user-defined) |

U-frame, |U-frame, |U-frame, |U-frame, | Width, |Width,| Width, |Width, | _ F;i'er . Zi;r < F;i'er < Zi'er
ID Description Left | Right |Bottom | Top | Left |Right |Bottom| Top PLeﬂ ’ ;ight’ BF;ttom’ F'Top ’
(Wim?K) | (Wim#K) | (WimeK) | (Wim#K) | (m) | (m) | (m) | (m) | ome ot | v k)

01ud PH-FRAMES: average thermal quality 0.75 0.75 0.75 0.75 0.14 0.14 0.14 0.14 0.04 0.04 0.04 0.04

Nottingham

02ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
03ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
04ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
05ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
06ud Arctic - Window frame 0.48 0.48 0.48 0.48 0.07 0.07 0.07 0.07 0.033 0.033 0.033 0.03j3

07ud Arctic - Door frame 0.58 0.58 0.58 0.58 0.07 0.07 0.07 0.07 0.013 0.013 0.013 0.013




4.7 Simulated Annual Heating Demand Results - Design PH

PASSIVHAUS

B designPH main — O X Student Competition

ssiorPH

EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE

1.5.03, registered to: holy [Unreqister] [Help & Support] [Language: ] sponsored by
Update window options | Redraw windows | TARMAC
. A CRH COMPANY
Overview || Heat balance || Areas || U-value editor || Assemblies || Components |[ Climate |
v Heat balance ¥ Project overview
— 200 EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE Student Name:
ng B Transmission heat loss Syed Asmar UI
= (opaque surfaces and i i
E 17.5 thermal bridges) Climate Firenze MQQ Hassan
= 15.0 Ventilation heat losses H
g 150 Ad % B Transmission heat loss Annual heat demand (Qn) 5.7 kWH/m?a details Xin Huang
o . : (windows) Treated Floor Area (TFA) 1716 mf (User-defined) details
= 125 Non-useful heat gains Thermal envelope area 1969 m details ' :
ﬁ W Specific ann. heat demand| | oot | s FormpFactor 1.15 Project que'.
10.0 w 6.9 g]:;?]!;fz;?:;ns Projected building footprint - m? Idea Studio Milan
7.5
Number of windows 42 details University Name:
50 Number of thermal surfaces 193 details Universitv of
Number of thermal bridges 30 details ) y
25 Nottingham
Thermal envelope checks
0.0 . The thermal envelope appears to be incomplete!
Losses Gains This may be caused by incorrectly assigned non-thermal surfaces, reverseld faces, a hole, glued components, or
unintersected faces in the envelope!
Projection along Blue axis: 98.9% variance
Projection along Red axis: 13.7% variance
Projection along Green axis: 55.8% variance
Render mode Render by Area Group

Vv

After the architectural intervention slight increase in heating
demand was seen, however the cooling loads were the
major target of the new facade intervention.
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4.7 Solar Thermal System

Passive House planning:

SOLAR THERMAL SYSTEM

Collector:i & Wacuw

Solar Fraction

Heating demand OHw e | 2%162 -E k''hia
Annual heating demand EL"-B-&EEHE k''hia
Heating zupport [pleaze check, if applicable) A -‘
OH% priority [check if appropriate] E ----- l-l ""1:
Latitude: D455 L
""""""" tabe collector
‘Solur collector ares ! 30,00 |m
Dieviation from Marth b -":lﬁij-"
Angle of inclination from the horizontal b "-"1-5 -----
Height of the collectar field N ---'j:ijl-]-" m
Height of harizan b higar; ---i.-ﬁ-lj". m
Harizonkal distance b UHari "ﬁ:ijl-]—" m
Additional reduction Factar zhading b Talber -"'l-fl—lji::- -..
Occupancy E""-l-f-i-.i]""\i Persons
Epecific collectar area Eh"-li:é""i m''Per

Estimated solar DOHY Fraction

Estimated solar coverage For heating

Solar keat contribation total

ZFecondary calculation of storage losses

S T — L
Total starage volume : 400 litre
Walume standby park [abowe] Er_-_-_-_-iE-_IEI_ ------- j likre
Walume salar part [below] : 280 litre
Epecific heak lozses starage [tatal] Er _________ :‘3‘_- -_é_ ------- j Wk
Typical temperature OHW : &0 s
Foom temperature :r""i-éuui -
Etarage heat lozses [standby part anly] b Il w!
Total starage heat loszes b Il w!

Eiilding I:g.lp-::i :

SRR i i
B b bl Bty D R i b liierf

bk e md Ve
100105 [[kwhea b Kwhi[m'a)
0 k'whia 0 k'whi[m'a]
10015 [[kwhia 6 Kwhi[m'a)
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4.7 Solar Thermal System

—JHeat demand —Heat demand covered by solar
Solar fraction Radiation on tilted collector surface
G000 100

z + 0%

§ 5000

£ 1 80%

=

=

= 1 7%

= 4000 —] o

s =

E T+ 80% Q

=

= T

= ]

= 3000 50% =

: E

= Taw 3

E- a000 | ___ [ — ] — ] ] — i_l — [ ]

2 T 30%

= — -

5 -

= | T 20%

E 1000 +— = —

& _‘ | | T 10%

ﬂ = L} _| T T L} L} L} |_| T m
Jan Feb Mar Apr May Jun Jul Aug Sep DOt Now Dec
Jan Feb Mar Bpor May Jun Jul g Sep Ot Moy Dec Year

Heating demand OH'wW-preparation 2137 13350 2137 2063 2137 2063 2137 2137 2065 2137 2065 2137 25162 k' himanth
Space heating demand 1] 1] 1] ] 1] ] 1] ] 0 ] 1] 1] 1] k'whimanth
Heat demand 2137 13350 2137 2065 2137 2065 2137 2137 2065 2137 2065 2137 25162 kwhimanth
Radiation ontilted collectar surface =3 1255 e J635 4257 4552 4551 4355 J130 1650 EEE] GE6 Fadzd k'whimeanth
Pleaze enter: Saolar production Far OHW ___________ ___________ :'*- ! _' i = : m ey N 1] kwhimonth
Flease enter: Saolar praduction for heating 7 : : bﬂ{a{WWﬁEiﬂgabe_Balar” rtrag 1] kwhimonth
DOH'w heat demand covered by solar 35 ZEB3 BTS EN 1427 1550 1651 1512 073 S00 123 1] 10015 kW himenth
Space heating demand covered by salar 1] 1] 1] ] 1] ] 1] ] 0 ] 1] 1] 1] k'whimanth
Heat demand covered bu solar 3o 263 GTS 1130 1427 1550 1651 1512 1073 S00 123 1] 105 kwhimonth
Solar fraction 2 s Jan S BT fi=k T T Dty 23 G 0 s
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4.8 Cooling Loads - PHPP

Jan Feb Mar Apr Ma Jun Jul A Se Oct Nov Dec Year
Heating degree hours - Exteriofl  16.7 138 119 9_p2 5_1y 19 1.0 01? 4: 8.1 125 16.2 102 kKh PASSlVHAUS
Heating degree hours - Ground 145 146 15.2 116 73 2.4 -13 29 20 12 57 107 77 kkh Student Com peﬁﬁon
Losses - Exterior 8313 6841 5884 4565 2474 902 441 410 2148 4029 6203 8036 50246  |[kWh
Losses - Ground 4711 4260 4713 4550 4685 4517 4653 4648 4501 4663 4529 4697 99126  |[kWh
Losses summer ventilation 11519 9149 7280 5350 2601 982 0 0 2272 4684 8032 11050 62918  |kWh
Sum spec. heat losses 143 118 104 84 57 37 30 29 5.2 78 109 139 98 1 kWh/m?
Solar load North 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh sponsored by
Solar load East 345 482 770 916 973 1030 1096 1077 846 582 356 295 8768  |kWh
Solar load South 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load West 256 336 607 801 946 1058 1183 924 692 463 254 204 7724  |kWh TA R M AC
Solar load Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0 KWh AERBEOHPANY
Solar load Opaque 304 202 848 1086 1237 1338 1433 1287 962 646 369 292 10356  |kWh
Internal heat gains 2824 2551 2824 2733 2824 2733 2824 2824 2733 2824 2733 2824 33252  |[kWh
Sum spec. loads solar + internd 2.2 2.3 29 3.2 3.5 3.6 3.8 3.6 3.1 26 2.2 2.1 35.0 KWh/m?
Utilisation factor losses 15% 19% 28% 38% 60% 89% 92% 94% 58% 34% 20% 15% 33% Student N ame:
Useful cooling energy demand 0 0 1 [s] 93 709 1714 1381 65 2 0 0 3972 k\Wh
Spec. cooling demand 0.0 0.0 0.0 0.0 0.1 0.4 1.0 0.8 0.0 0.0 0.0 0.0 23 | | Syed Asmar Ul
Specif. dehumidification demar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 KWh/m? H assan
Sensible fraction 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% .
Xin Huang
16 _ _ Project Name:
— Spec. cooling demand —= Sum spec. heat losses Sum spec. loads solar + intemal

Idea Studio Milan

14

12 University Name:
University of

10 Nottingham

4 . . n
N
0 —F—~1—

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Specific Losses, Loads,
Cooling Demand [kWh/(m?month)]
(=]

The cooling loads which were very
high for the months of Jun, July, Aug
have drastically dropped after the
architectural intervention was 3
implemented.




4.8 Primary Energy - PHPP
Heating, cooling, DHW, auxiliary electricity, lighting, electrical appliances 52.5 119.9 30.9 PASS'VHAUS
Total PE Value 119.9 KWh/(m?a) Student Competition
Total emissions CO,_ Equivalent 30.9 Kg/(m?a) (Yes/No)
Primary Energy Requirement 120 kwhi(mza) yes
sponsored by
Heating, DHW, auxiliary electricity (no lighting and electrical appliances) 341 | 72.0 18.4 TARMAC
Specific PE demand - Mechanical system 72.0 KWh/(m?a) A CRH COMPANY
Total emissions CO,-equivalent 18.4 Kg/(m?a)
— _ — Student Name:
Solar electricity PE-Value (generation) COz-emission factor Syed Asmar UI
kWh/a kWh/kWh g/kWh
. _ Hassan
Planned annual electricity generation (Worksheet PV) 5438 0.2 47 .
Specific demand 3.2 0.7 0.1 Xin Huang
PE Value: Conservation by solar electricity 7.5 KWh/(mZa) _
Saved CO, emissions through solar electricity 2.0 kg/(m?a) PrOJeCt N?‘me'_
Idea Studio Milan
A N ) ) University Name:
x :Recirculation cooling . .
_________ . _ University of
check as appropriate :
_ i - Nottingham
On/Off mode (check as appropriate) e x g
max. cooling capacity (sensible + latent) 2000 kW
Volume flow rate at nominal power & 6000 im3h
Temperature reduction dry 980.4 ik
: : U S %
Variable volume flow (check if appropriate) :
oo <
Seasonal energy efficiency ratio o i
. z ;Additional dehumidification ‘_
check as appropriate ;
Waste heat to room (please check if applicable) X g
oo %
Seasonal energy efficiency ratio : 2 i




4.8 PHOTOVOLTAIC ENERGY GENERATION PHPP

assive House planning:

PHOTOVOLTAIC SYSTEM

Mominal current

Mominal vaoltage
Mominal power
Temperature coefficient shart-circuit current

Temperature coeffisient open-circuit valtage

Further specifications
Latitude:
Mumber of modules
Deviation from Marth
Angle of inclination from korizontal
Height of module array
Height of harizen
Harizantal distance
Additional reduction factor shading

Effisiency of the inverter

Anrual vield of the inverter
Annual lasses dus ta shading
PE value [non-renew able]

CO;-equivalent emiszion value

thri

AHari

Tathor

TIHRY

8. &

YR
240 i
0.053 WK

-0.030 =K

455 i Wriahect Slimate
""'"';%% .........
"""" a7
------------------------------------- m
---------------------- m
""""" Bl
ik
5438 |
244 Kinih
0.2
47.0 alkieh

V

- Total monthly generation Solar radiation on tilted surface —=— Ambient temp
800
700
— b 25
=
T — 600
or —
EE g
35 o b 20—
£E sw e
= 3
S &
~,
55 , [T
c 400 - — 15 g
2 g /f , 5
=] - -
E® -
T L 300 (3
Zo 'd L1083
5° / £
3 zm __. e {
.-"‘ Fr 5
100 — —
0 T T T T T T T T T 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan Feb IMar Apr IMay Jun Jul Aug Sep Oct Maov Dec
Solar radiation on tilted surface 49 71 119 149 163 158 184 174 136 91 52 40 |KwhimiMonth
Ambienttemp 3 B 10 13 10 23 25 25 20 15 3 4 i
Total monthly generation 180 274 462 570 i35 B 717 R 520 353 202 166 |Kwihimanth
Losses due to shading situation g 12 21 26 29 30 32 31 24 16 g 7 Kiwhimanth

Year

1397.2

14.3

5433 3

2444

khefbima
C

khefhla
khehla
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4.9 Verification Summary

PASSIVHAUS

Student Competition

Architecture:

Street:

Postcode / City:

Mechanical system: Spatisares by

Street: TARMAC

Postcode / City: A CRH COMPANY

Year of construction: Interior temperature winter: 20.0 °C Enclosed volume V, m3: 6912 .0

No. of dwelling units: Interior temperature summer: 25.0 °C Mechanical cooling: X

No. of occupants: 49.0 . Internal heat sources winter: 2.1 W/m2 Student Name:

Spec. capacity: 60 Wh/K per m? TFA Ditto summer: 2.2 W/m2 Syed Asmar Ul

Hassan

Specific building demands with reference to the treated floor area :

< Xin Huang
Treated floor area 1715.8 im Requirements

Space heating Heating demand 5 kWh/(m?a) 15‘kWhl(m2a) Project Name:

Heating load 5 W/m? 10 Wi Idea Studio Milan

Space cooling Overall specif. space cooling demand 2 kWh/(m?a) 18 KWh/ (m*a) University Name:

Cooling load 2 Wim? - University of

Frequency of overheating (> 25 °C) % : Nottingh am
Primary energy au:;?:glgiei?r[i)g?tgi IigI?t?:;n:ailiijt??:;?I;;pgl?av:ées 1 1 8 kWhl(mza) 120 kWh'](mZa) The arCh IteCtU l‘a|
DHW, space heating and auxiliary electricity 69 kWh/(mQa) . . .

intervention  with
Specific primary energy reduction through solar electricity kWh/(mQa) the faga de prove d
Airtightness Pressurization test result n-, 0.6 1/h 0.6 1/h to reduce the
* empty field: data missingll'-": no requirement Coo”ng loads

| | significantly .

Passive House? yes ‘)| Therefore the
parameters were
met.

\




CHAPTER 5: VARIANT -04 (Further Enhancement)

5.1 Assembly details 2 Wall, Roof, Floor U -Values

5.2 Glazing Details & Summer Ventilation

5.3 Simulated Annual Heating Demand Results - Design PH
5.4 Annual heating demand and heating load - PHPP

5.5 Cooling Loads - PHPP

5.6 Cooling system & Summer Ventilation

5.7 Verification Summary




5.1 Assembly details 2 Wall, Roof, Floor U -Values
" Student Competition
% designPH main
designPH sponsored by
EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL US TARMAC
1.5.03, registered to: holy [Unregister] [Help & Support] [Language: [EN]v]] it R
Update window options | Redraw windows |
[ Overview || Heatbalance || Areas || U-value editor || Assemblie _ Climate
v Assembilies (default) Student Name:
Grp. no. Area group Assembly no. Assembly name Total thickness (m) U-value (W/mzK) Syed Asmar Ul
7 External Door 89ud PH External Door 0.05 0.50 Hassan
8 External Wall - Ambient 83ud High 1SO External wall 0.42 0.11 :
9 External Wall - Ground 86ud PH Basement wall 0.41 0.25 Xln Huang
10 Roof/Ceiling - Ambient 84ud High 1SO Roof 0.34 0.07
1 Floor slab / Basement ceiling 85ud High ISO Floor 0.60 0.13 PrOjeCt Name-
14 Temperature zone X 88ud Wall to zone X 0.46 0.15 . '_
18 Partition Wall to Neighbour 87ud Partition wall to neighbour 0.41 0.25 Idea Studio Milan
Vv Assemblies (user-defined) _ _
i TS Assamblnama Total thicknass i e Llovalue (ALK i i University Name:
83ud High ISO External wall 0.425 0.11 ] University of
84ud High ISO Roof 0.34 0.074 ] Nottingham
85ud High ISO Floor 0.6 0]129 ]
86ud PH Basement wall 0.41 0. 25 ]
87ud Partition wall to neighbour 0.41 0|.25 ]
88ud Wall to zone X 0.46 0|15 ]
89ud PH External Door 0.05 q.5 ]
| show more... (10 rows hidden) |
v Assemblies (user-calculated U-values)
Assembly ID Assembly nhame Thickness (m) U-value (W/mzK) Internal insulation?
=




5.2 Glazing Details & Summer Ventilation

B designPH main — O > PASS'VHAUS

Student Competition
sssrPHIE
EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE

1.5.03, registered to: holy [Unregister] [Help & Suppori] [Language: IEN v|]

Update window options Redraw windows

sponsored by

TARMAC

A CRH COMPANY

Overview Heat balance Areas U-value editor | Assemblies | Components | Climate
¥ Glazing (user-defined)

ID Description g-value U-value (W/m2K)

01ud glazing 0.48 0.65 Student Name:

02ud Single glazing 0.87 5.8

03ud Double glazing 4/16mm air/4 0.77 2.7 Syed Asmar Ul

04ud 0.0 0.0 Hassan

05ud = SN Xin Huang

06ud Arctic - Glazing 0.42 0.35

07ud Arctic - Door panel 0.0 0.3 Project Name:
| show more... (8 rows hidden) | Idea Studio Milan
¥ Frames (user-defined)

U-frame, |U-frame, |U-frame, |U-frame, |Widith, |Width, | width, |wiath,| PS | Psi | Psi | Psi | University Name:

o - . spacer, | spacer, | spacer, | spacel . .
ID Description Left Right | Bottom Top Left | Right |Bottom| Top -
Wim#K) | (WimzK) | Wim#K) | owime| @) | m) | (m) | (m) |, Left | Right |Bottom| Top University of

(W/mK) | (W/mK) | (WimK) | (WimK | N|ottingham
Olud PH-FRAMES: average thermal quality 0.75 0.75 0.75 0.75 0.14 0.14 0.14 0.14 0.04 0.04 0.04 0.04
02ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
03ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
04ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
05ud 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
06ud Arctic - Window frame 0.48 0.48 0.48 0.48 0.07 0.07 0.07 0.07 0.033 0.033 0.033 0.03:
07ud Arctic - Door frame 0.58 0.58 0.58 0.58 0.07 0.07 0.07 0.07 0.013 0.013 0.013 0.01:

| show more... (8 rows hidden) |

- A lamiceen [ anwdifiomad mmsenia v - [




5.3 Simulated Annual Heating Demand Results

- Design PH

B designPH main — O
e PHIE
EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE
1.5.03, registered to: holy [Unregister] [Help & Support] [Language: ]
Update window options | Redraw windows |
Overview || Heat balance | Areas || U-value editor || Assemblies || Components | Climate |
¥ Heat balance ¥ Project overview
— 15.0 EDUCATIONAL LICENSE, NOT FOR PROFESSIONAL USE
=5E“ M Transmission heat loss
= (opaque surfaces and i i
é e . thommal bridgos) Climate Firenze change
N : Ventilation heat losses
2 27 B Transmission heat loss Annual heat demand (Qy) 2.8 kWh/m?a details
2 100 (windows) Treated Floor Area (TFA) 1716 m? (User-defined) details
- - Non-useful heat gains Thermal envelope area 1969 fn? details
T e ﬁl‘:‘:f:;‘fsg;t';;ztsdema"d Heat Loss Form Factor 1.15
' 44 . Solar heat gains Projected building footprint -—m3
Number of windows 42 details
Number of thermal surfaces 193 details
Number of thermal bridges 30 details

Losses Gains

Thermal envelope checks

The thermal envelope appears to be incomplete!

This may be caused by incorrectly assigned non-thermal surfaces, revefsed faces, a hole, glued components, or
unintersected faces in the envelope!

Projection along Blue axis:
Projection along Red axis:
Projection along Green axis:

98.9% variance
13.7% variance
55.8% variance

Render mode Render by Ared Group

Vv

High ISO materials caused the heating demand of
the building to lower down from 5.7 to 2.8
kWh/m 2a in the current situation. The overall

fabric showed a much increased performace .
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5.4 Annual heating demand and heating load - PHPP

PASSIVHAUS

Student Competition

sponsored by

TARMAC

A CRH COMPANY

Energy balance heating (annual method)

Student Name:

Heat flows [kWh/(m?a)]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year S ed AS mar U I
Heating degree hours - External 128 102 79 54 11 20 30 30 06 42 87 122 55 |kkh y
Heating degree hours - Ground 112 117 121 85 39 12 52 70 59 28 20 72 35 |kkn
Losses - Exterior 5104 4069 3151 2149 431 779 1196 1214 226 1690 3476 4886 21994 |lwh H
Losses - Ground 68 72 74 52 24 7 32 43 36 7 12 44 211 |iwh assan
Sum spec losses 30 24 1.9 13 03 05 07 07 01 1.0 20 29 12.9  [lwnm .
Solar gains - North 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh X H g
Solar gains - East 267 654 1048 1252 1333 1414 1503 1474 1151 791 482 399 11968  |kWh In u an
Solar gains - South 0 0 0 0 0 0 0 0 0 0 0 0 0 |wwn
Solar gains - Wast 235 308 555 731 860 960 1075 842 633 423 233 187 7044 |kWh
= Solar gains - Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar gains - Opague 225 316 526 663 746 804 862 781 593 402 233 187 6338 |kWh H .
m Heating demand Internal heat gains 2681 2421 2681 2594 2681 2504 2681 2681 2594 2681 2594 2681 31564 |kh P rOJ e Ct N a.l | |e .
Sum spec_gains solar + intemal 21 22 28 31 33 34 36 34 29 25 2.1 20 332 [k
o Internal heat gains Utiisation factor 100% 98% 67% 42% 8% 100% 100% 100% 4% 39% 94% 100% 32% Id St d 1 M 1 |
[Annual heating demand 1567 509 1 0 0 0 0 0 0 0 170 1478 3726 kWh e a- u I 0 I a.n
o Solar gains Spec. heating demand 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 01 0.9 22 |kWhin
m Ventilation
o Thermal bridge loss 4 ==1Spec. heating demand ~ ——Sum spec. gains solar + intemal  —=—Sum spec.losses | U n IVe rS Ity N al I I e .
O = 3.5 . . f
g ® — — University o
DWindows o 3 — ] .
. i - ] A Nottingham
EE 25 S — — — — — — =
® = I~
= (=Ko 2 | I — I — — — — —
63 [
= g = 15 +— —1 x I [ A I AN e |
w T ‘R
- o c
m Floor slab / Basement ceiling - g 11— ,{ LI
) S
- . ) I AN I () A A ) AN R I W ||
m Roof/Ceiling - Ambient ‘g.'u 0.5 \
2 0 ‘ ‘ ‘ ‘ IS, . ‘ ol : :
L ﬁ Jan Feb Mar Apr May Jun Jul Aug / Sep QOct Nov Dec
) ) ] -0.5
. O Exterior wall - Ambient T Y~
Losses Gains ; -1
OMon useful heat gains




5.5 Cooling Loads - PHPP

| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Heating degree hours - Exteriof  16.7 137 118 92 50 18 09 08 43 81 124 161 101 kKh
Heating degree hours - Ground 149 15.1 15.8 121 76 24 -1.5 -3.2 2.3 09 56 109 78 kkh
Losses - Exterior 6022 4948 4244 3286 1762 616 280 261 1530 2908 4491 5823 36170  |KWh
Losses - Ground 40 41 43 33 21 7 -4 9 -6 3 15 29 212 kWh
Losses summer ventilation 11519 9149 7280 3350 2601 982 0 0 2272 4664 8032 11050 62918 |kWh
Sum spec. heat losses 10.2 8.2 6.7 5.1 26 09 02 0.1 22 44 73 99 579 kWh/m?
Solar load North 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load East 383 537 859 1027 1094 1159 1233 1209 944 649 395 328 9817  |kWh
Solar load South 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load West 291 381 688 905 1066 1189 1331 1043 784 524 289 232 8723  |kWh
Solar load Horiz. 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Solar load Opaque 225 316 526 663 746 804 862 781 593 402 233 187 6338  |kWh
Internal heat gains 2824 2551 2824 2733 2824 2733 2824 2824 2733 2824 2733 2824 33252  |kWh
Sum spec. loads solar + interng 2.2 22 29 3.1 3.3 34 36 34 29 26 21 2.1 339 kWh/m?
Utilisation factor losses 21% 27% 42% 61% 100% 100% 100% 100% 100% 58% 29% 21% 40%
Useful cooling energy demand 0 0 0 0 1353 4280 5975 5605 1264 0 0 0 18477  |kWh
Spec. cooling demand 0.0 0.0 0.0 0.0 08 25 3.5 3.3 0.7 0.0 0.0 0.0 10.8 KWh/m?
Specif. dehumidification demar 0.5 0.4 0.2 0.0 0.0 09 11 1.2 01 0.2 0.6 0.5 5.6 KWh/m?
Sensible fraction 0% 0% 0% 100% 100% 73% 76% 74% 88% 0% 0% 0% 66%
12 — Spec. cooling demand == Sum spec. heat losses Sum spec. loads solar + intemal
=
]
g 10
7 £
Ba
o £ 8
_I.. E
(7]
]
n X, 6
[7}]
0T
- =
o ©
= £ 4
_— ey
o e P
29 || -
o
wc 2
©
S
0 T T T T T T T T T T
Jan Feb Jun Jul Aug Sep Oct Nov Dec
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5.6 Cooling system & Summer Ventilation

Passive House planning:

SUMMER VENTILATION

Building: Building type:

Building volume: 4289 m? Heat recovery nygry: 91%

Max. indoor absolute humidity: 12 a/kg Energy recovery ner: 80%

Internal humidity sources: 2 g/(m?h) Subsoil heat exchanger n*spx: 95%

Results passive cooling Results active cooling
Frequency of overheating: 7.3% +—atthe-overheatirgimitom—25 °C Useful cooling demand: 2.0 kWh/(m2a)
Frequency of exceeded humidity: 0.0% Dehumidification demand: 0.0 kWh/(m?Za)
max. humidity: 12.0 g/kg

>heck as appropriate
On/Off mode (check as appropriate)

max. cooling capacity (sensible + latent)
Temperature reduction dry
Seasonal energy efficiency ratio

>heck as appropriate
On/Off mode (check as appropriate)

max. cooling capacity (sensible + latent)
Volume flow rate at nominal power
Temperature reduction dry

Variable volume flow (check if appropriate)
Seasonal energy efficiency ratio

X :Additional dehumidification

>heck as appropriate
Waste heat to room (please check if applicable)

Seasonal energy efficiency ratio

Frequency of
> overheating reduced to
7.3% by using efficient

_ - measures.
3 kKW
04 K
5
_________________________________________ «
____________________ X o
1000 kW
2000 m3/h
14706 K
IR
_________________________________________ <
x |
A
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5.7 Verification Summary

Specific building demands with reference to the treated floor area

Treated floor area
Space heating Heating demand

Heating load

Space cooling Overall specif. space cooling demand
Cooling load
Frequency of overheating (> 25 °C)

dehumidification, DHW,
lighting, electrical appliances

Heating, cooling,
auxiliary electricity,

DHW, space heating and auxiliary electricity

Primary energy

Specific primary energy reduction through solar electricity

Airtightness Pressurization test result nsg

A

1715.8 m’
2 kWh/(m?a)
4 W/m?
2 kWh/(m?a)
2 W/m?
%
120  kWh/(m?a)
72 kWh/(m?a)
kKWh/(m?a)
0.6 1/h

Requirements
A |
15 kWh/(m?a)

A
10 W/m?

A |
18 kWh/(m?a)

120 kWh/(m?a)

0.6 1/h

* empty field: data missing

Fulfilled?*

yes

yes

'-'. no requirement

Passive House?

yes
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CHAPTER 6: COMPARISON & CONCLUSIONS




VARIANT 01

JTIiteL T rl

R

Component U-Value
W/m 2K

Wall 0.84
Roof 0.51
Floor 0.35
Glazing 5.8
Window 0.75
Frame

Annual heating demand: 29 kWh/m 2a
Annual cooling demand: 40 kWh/m 2a
Frequency of overheating: 34.4%

Result : High heating and cooling
demand, far from meeting PH
requirements.

VARIANT 02

Component U-Value
W/m 2K

Wall 0.15
Roof 0.15
Floor 0.25
Glazing 0.8
Window 0.75
Frame

Annual heating demand : 4 kWh/m 2a
Annual cooling demand : 32 kWh/m 2a
Frequency of overheating : 58.6%

Changes : Developed structure
material

Result : Reduced heating (met
requirement) and cooling
demand(not met), cooling still need
to be improved, Height level
overheating frequency.

VARIANT 03

Component U-Value
W/m 2K

Wall 0.15
Roof 0.15
Floor 0.25
Glazing 0.8
Window 0.75
Frame

Annual heating demand : 5 kWh/m 2a
Annual cooling demand : 2 kWh/m 2a
Frequency of overheating : 15.4%

Changes : Building facade, PV, Solar
Thermal, Night Ventilation, Energy
Recovery Ventilation. Mechanical
cooling: recirculation air, additional
dehumidification

Result : Heating, Cooling, Energy

requirements met but overheating
frequency still 5% more than limit.

&

VARIANT 04

Component U-Value
W/m 2K

Wall 0.11
Roof 0.074
Floor 0.129
Glazing 0.65
Window 0.48
Frame

Annual heating demand : 2 kWh/m 2a
Annual cooling demand : 2 kWh/m 2a
Frequency of overheating : 7.3%

Changes : Higher U -value,

Supply air cooling, additional
dehumidification

Heat pump 20% covered fraction for
space heating demand

Result : All requirements met.



