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1. Project Background, Facilitation, Funding and Limitations of the Research

1.1. Facilitation of the Research

The research was conducted as an interdisciplinary student project lead by the Macro Micro
studio, a Masters Unit in Architecture and Planning [1]. The design was delivered by two cohorts of
architecture students between September 2011 and June 2013. Following this, a number of students
continued beyond their academic studies to assist in completing the construction of the building shell
and internal fit-out. The majority of the construction was undertaken by students, with the exception of
a number of specialist trades. Parallel quantitative research projects were conducted by MSc students
in the departments of Physics and Engineering over the course of three years to support the design
studies, including the sizing of the renewable energy system, FEA analysis of the structure, predicted
environmental performance of the building using PHPP and a Whole Life Cost and Embodied
Carbon analysis. Further input to the research and provision of the Structural Engineering Report
(SER) was obtained from a major international engineering consultancy, a major international
contractor advised and assisted in some aspects of the construction and Construction Design and
Management (CDM) certification was obtained. Site overview was provided from the Universities
Estates and Buildings Department. Edinburgh Napier University, Sustainable Construction Institute
(SCI) advised and helped facilitate the acquisition of materials and systems for the building frame.

1.2. Project Phasing

In the first year between September 2011 and June 2012, the design was developed from concept
to building warrant submission [2]. This initial stage was based on a design brief for a working studio
environment for an Architectural Masters unit of 12 students occupying the space. The initial
construction was based on a new Scottish manufactured Cross Laminated Timber (CLT) panel that
was being prototyped by NorBuild in Forres in conjunction with SCI, using small element low-grade
Scottish timber. The CLT was later substituted for a light weight frame due to the CLT being at too
early a stage in development. The initial energy strategies and quantification of energy generation
defined the PV area, roof angle, battery store and wind turbine size based on predicted data. An
important aspect of this work was an economic feasibility study which considered revenue generated
from government Feed-In-Tariff’s that influenced the development of a business plan to underpin
the future funding of the construction.

In the second year between September 2012 and June 2013, the brief was adapted to include wet
services, a toilet and kitchen making the building suitable for letting commercially. The toilet was
subsequently removed due to space constraints as a relaxation was obtained from Building Standards
to use existing toilets on site. The occupant capacity was reduced to four people—considered a more
realistic occupancy for the size of the space and in recognition that PH compliance could not be
attained with the original occupancy target. A new Building Warrant application was submitted in
early January 2013. The move to a lightweight frame facilitated the construction to be prototyped in
the Fulton Structures Laboratory in Engineering, before being disassembled and moved to the site.
Construction on site commenced in January 2013, with the timber frame being erected by the end of
June 2013. Over a further nine months the remainder of the construction was completed, but with a
delay in the electrical installation, meant that the final commissioning of the building at its current
stage of development wasn’t completed until August 2015. At present, research funding is being
pursued for the next stages of the research.

1.3. Project Funding
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The project was funded primarily through industry in-kind donations of expertise and material
of approximately £100,000. A number of main contributors were identified at the start of the project
with the remainder being brought on board during the course of the project’s development. A
business plan was developed, after a failed Kickstarter bid, around revenue generation from rental
of the space post-completion and Feed-In Tarrif (FIT’s) income from energy generated from the
renewable system. The University allocated £30,000 with a return on investment at the end of a three
year period following completion. Additional funding was secured from the Scottish Forestry
Commission, Creative Scotland, Scottish Funding Council Innovation Awards and a number of
charitable trusts of approximately £50,000. This grant funding was developed around discrete
elements of research e.g. the visualisation of data and the integration of renewable technologies.
Charitable grants were used to pay for consumables and student labour beyond the end of the
academic year.

1.4. Challenges and Limitations to the Research

The challenges to the project were exacerbated due to the fluid open-ended nature of the design
as a result of having to train new student cohorts, lack of capital funding, uncertainty of industry
contributions and the complex interdisciplinary, professional and industry interactions and
timescales. The highly experimental nature of the design and technologies meant that many aspects
of the project were unknown and with little previous precedent to refer to, increased the risk of
failure. Some of these aspects such as the battery and energy management remain unresolved and
require further major research investment. Managing the design and construction of a high
performance prototype, the health and safety issues associated with unskilled labour coupled to
existing demanding academic workloads has resulted in compromises and delayed the completion
of the project. Limitations in the value engineering of the system has resulted in performance
compromises. The ambition of the project to find solutions to new and non-traditional problems in
creative ways captured the interest of industry due to the potential for product development and the
considerable exposure brought by the innovative design. Some impact has already resulted from the
work; being nominated and winning several design awards; being used as exemplar best practice by
numerous suppliers; popular press, professional and web based dissemination has raised public,
professional and political awareness of building energy efficiency and renewable energy requirements
locally and nationally.
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2. PHPP 2007 Results

Passive House Verification

Macro Micro studio U-values:

Walls & roof
U-value: 0.1
Windows
Nordan Ntech
U-value: 0.7
Door
Nordan
U-value: 0.7

Building: |MM Studio

Location and Climate: ~ |Dundee East of Scotland
Street. |Botanic Gardens
Postcode/City:
Country:

Building Type:  |Studio

Home Owner(s) / Client(s):
Street:
Postcode/City:

Architect:
Street:
Postcode/City:

Mechanical System:
Street:
Postcode/City:

Year of Construction: 2012

Number of Dwelling Units: 1 Interior Temperature; 20.0 °C

Enclosed Volume V. 343.0 m Internal Heat Gains: 2.3 Wim?
Number of Occupants: 1.4

Specific Demands with Reference to the Treated Floor Area
Treated Floor Area: | 47.5 m’

Applied: Annual method PH Certificate: Fulfilled?]

Specific Space Heating Demand: 10 KWh/(m?a) 15 kWh/(m?a)
Heating Load: 12 Wim? 10 W/im?
Pressurization Test Result: ht 06 h'

Yes

Specific Primary Energy Demand

2 2
(DHW, Heating, Cooling, Auxiliary and Household Electricity): kWh/(m"a) 1201 kamimza)

Specific Primary Energy Reduction through Solar 2
Electricity: kWh/(m"a)

Frequency of Overheating: 0 % over I 25 "’C

Specific Useful Cooling Energy Demand: kWhI(mza) 15 kWh/(mza) |

Cooling Load: 0 Wim?

We confirm that the values given herein have been Issued on:
determined following the PHPP methodology and based

on the characteristic values of the building. The calculations signed:
with PHPP are hed to this applicati

PHPP 2007, Verification New Masters Studio_amended

Figure S1. Passivhaus verification sheet.
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Prototype

Climate

Areas

U-Values

Heat Gains
Monthly Method

Heat Losses
Monthly Method

Heat Demands

East of Scotiand|
56.45
3 og
Solar Isolation Total 1077,
Floor Area m2 47.49|m2
Volume m3 343|m3
Volume (Ventilation) m3 119|m3
Area/ Volume Ratio (Gross) 0.65|m2/m3
EX| Surface Area m2 225|m2
Walls 0.1077 [W/(m2K)
\Window 0.7587 | W/(m2K)
Ground 0.0981|W/(m2K)
Ave 0.1725|W/(m2K)
237 2|[RWiva A0[kWh/(m2a,
507 |kWh/a 9| m2a;
Heat Loss Ventilation

Specific Space Heat Demand (Monthly) 500.7| kWh/a 10.5| KWh/(m2a)
SSHD (Annual) 10| kWhia 10| KWh/(m2a)
Heat Load 11.6 (w/m
Climate Data €c
s 140
£ 120
S
100
£
¥ 80
E 60 4 ——rew
= ——a
g 40 out
o =
° — .
5 6
Month
C—1Sum Spec. Gains Solar + Internal
Month'y Method =1Spec. Heat Demand
o 8 «~m-=Sum Spec. Losses
- E —
£z 7 M =
85 s
=3
So=5 | —_— ]
45%
el —
o - _— - s ! _— T
= o 3
i’
= 1 — —
0
Jan___Feb Mar Apor May _ Jun Jul_Aua Sep  Oct Nov _Dec

Figure S2. General summary of data and performance .
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Passive House Planning
AREA CALCULATION

Buidng: 1 Studio [Heating Demana| 10 Junires)
y Average U-
Build Value
e Area Group o Ares wnit [comments WAm'K)]
|1 _[Treated Fioor Area | Living area or useful area
[North Windows m [North Windows 0.893
3 m [East Windows 0.972
4 m Results are from the Windows worksheet 0.723
|« m [West Windows 0.734
I e Horizontal Windows
- | Please sublract area of oo 0.800
B Ambient | Window areas are subl indiy peciied i the Windovs” workshoet all - Ambient 0.108
~Ground m A" is ambient air all - Ground.
| 10_[RoofiCelling - Ambient m "B the ground. oofiCeiling - Ambient 0,089
[Foor stab basement ceiling ' oor slabl basement ceiling | _0.098
| m Zones ‘A"_'B. " and "X may be used_NOT T-
| m A", B""P" and "X may be used_NOT - Factor for X
4| X m % tefined reduction factor (0 <, < 1) 75%
Thamsl Bridge Overview
15__|Thermal Bri Ambient AT 0.00 T _m [Untsinm [ The:
16 __|Perimeter Thermal Bridges | | 26.10 1_m_|Unks in m temperature zone “P~ is perimeter (see Ground viorksheet). [Perimeter Thermal Bridges 0.017
17__|Thermal Bridges Fioor Siab | 0.00 [ m [Unitsinm hermal at
18_[Partition Wall to Neighbour T .00 " | Wo heat losses, only considered for the heating load calculation. [Partition Wallto Neighbour
[Total Thermal Envelope 224.57 ¥ age Therm. Enve 0.173
Area Input
Selection of the Uvalue
Group uar a b e UsorSib- | | Subtraction Noi | [( T e ndne [ ] rarsat
[AreaNo.|  Building Element Description e Assigned to Group | ¢ Pt x "l e | u-::;ﬂ 5 wm;]‘.m )= o ly
Treated Floor Area Treated Fioor Area T x( X O R |15
[North Windows. mnm 31 From Windows sheet 53
East Windows East Windows 0.9 From Windows sheet 972
South Windows findows. Please complete in Windows worksheet only! 13.5 From Windows sheet 723
—Jwes Windous 51 From Wadows sheet 7
[Horizontal Windows. [ From Windows sheet 00
Exterior Door T [x(] o888 Jx] 2.00 [+ )- = ] U-Value Exterior Door [ 0.80
[South Wall 1] x( X +| 16.95 - ) 13.5 = 5 Cuflen Space Stud Wall w1 108
(West wWall ient 1| x( X +| 28.50 - )-| 5.4 = 1 Cuen Space Stud Wall w 1 108
Worth West Wall B Ambient T | x( X +| 16.21 Y- 2.5 = 7| Cuen Space Stud warl w[ 1| o108
Worth wall ~ Ambient 1 [ x( X +| 22.20 3% 0.6 = Custen Space Stud well w1 108
[East wall 8| Exterior Wal - Ambient 1 |xC x +| 1850 ) 0.9 Cusen Space Stud Wasl w 1 0.108
[South Roof 10 EOWCI ing - Ambient 1| x( X +]| 35.61 ) - 0.0 101 Roof Petes ol 2 0.099
North West Roof 10 |RoofiCeiling - Ambient 1 x + 3.7 )- 0.0 11 Roo Piates w2 0,099
Worth Roof 10_|RooliCeing - Ambient T x( X +[ 1530 PH 1 oot s v 0.099
[East_moor 10_|RoofiCeing - Ambient 1 [x( x +| a0 |- )-|__o.0 11 Root Pites w[ 2| 0099
11_|Foor slab/ basement ceiing T | x( X ¥ .67 |- el 5.0 = Cone Floor Sab 1mDeep | 3 | 0.098
x( x + = Y-|__o.0 w0
x( X ¥ - )- 0.0 = w0
x( X + 5 B I B
x( X 3 P I v
x( X + PE I D w7
x( X H )= 0.0 = wl 0
x( X 5 ). 0.0 = w0
x( x + PE I wlo
x( x 5 PH I o
x( x + S P [T
( x + = Yoo w7
x( X T 2 PH IS vl
x( N ¥ = Y- 0.0 w0
x( x - 5 P I w0
x( X + 5 S D
x( < 0 oo [= v
x( X ¥ )- 0.0 = 0
x( x 7 )- 0.0 = w0
x( x 5 e |00 = v
x( X 3 B w0
x( X 5 Y- 0.0 = v 0
x( X +) = )| 0.0 vl 0
x( X 7 y- 0.0 w0
x( x T E y|__0.0 w0
x( x T z P 0
x( x + - P v
( X + - oo |= v
x( X 7 )- 0.0 w0
%( X ¥ s ¥e 0.0 w0
x( X ¥ = B 0.0 = w0
x( X +| - ) -] 0.0 el 0
X( X 3 oo [= 0
x( X 7 = )- 0.0 = w0
7 x( X + oo |= v
x( X 5 oo |- w[©
x( x + = )- 0.0 v 0
( x < oo |- vl
x( X + 2 I w0
x( X ¥ PR I vl
x( X + Z )] 0.0 = vl 0
AEnd
PHPP 2007, Aveas New Masters Studio_amended

Figure S3. Area calculation sheet.
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Passive House Planning
AREA CALCULATION

Buldng: 28 Studio lHnmg oma[ 10 |
Summary Average U-
Building Value
Group. Area Group o Area Unit [Comments WAm'K)
|1 [Treated Fioor Area | Living area or useful area
[North Windows m [North Windows 0.893
[East Windows m [East Windows 0972
- m Results are from the Windows worksheet 0.723
- mw [West Windows | o734 |
[ s m [Horizontal Windows
- m?_| Please subtract area of oo 0.800
|« Ambient | Window areas are subt indh fiod in the “Windovs” worksheet all - Ambient 0.108
- Ground ™ “A" is ambient air jall - Ground
| 10_[RoofiCeiling - Ambient m *B7s the ground. 0of/Ceiling - Ambient 0.099
[Foor slab basement ceiling ' oor slabl basement ceiling | _0.098
| m Zones A"_B', P~ and "X" may be used NOT T~
| m A" """~ and X" may be used. NOT T~ Factor for X
4| X m X lefined reduction factor (0 <. < 1) 75%
Thamsl Bridge Overview
15_ | Thermal Bri Ambient A | 0.00 T _m [Untsinm [Thermal B
16 __|Perimeter Thermal Bridges P | 26.10 1_m_|Unks in m temperature zone “P~ is perimeter (see Ground viorksheet). [Perimeter Thermal Bridges 0.017
17__|Thermal Bridges Fioor Siab B_| 0.00 [ m [Unitsinm al at
18_[Partition Wall to Neighbour T 0.00 " | Wo heat losses, only considered for the heating load calculation. [Partition Wallto Neighbour
[Total Thermal Envelope 224.57 m ge Therm. Env. 0.173
Thermal Bridge Inputs
@ e oot User Input of
No. of “Thermal Bridge Group an Subtrac- Length | Thermal Bridge Heat Loss LA
i Description No. ARsianad o Crety [ A Lt R PSR | 3 ™ effcient W)
m) Wimk)
[T 1 [Thermal Bridge Foundation | 16 imeter Thermal Bridge: 1 x(| 26.10 26.10 Foundation ~0.017
X
X
X E
X
X
X =
8 % =
9 X =
X
X 5
X =
X 5
1 X
5 [
g X 5
7 X -
X
X
X 5
X
X
X
X 3
X 5
X
X T
X =
X =
X
X
X E
X 5
34 X 5
X
X 5
X E
X g
X
X z
X 2
X
X
X 5
X 5
X
X
X
& X z
50 X z
TBEnd

PHPP 2007, Areas

Figure S4. Area calculation calculation sheet.
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Passive House Planning
U-VALUES OF BUILDING ELEMENTS

‘Wedge Shaped Building Element Layers and
Building: |MM Studio | Still Air Spaces -> Secondary Calculation to the Right

1 [cullen Space Stud Wall
Assembly No. Building Assembly Description
Heat Transfer Resistance [*KAW]  interior R, -
exterior R :

Area Section 1 AMWImkl Area Section 2 (optional) A1k Area Section 3 (optional) Ak Thickness [mm]

1 |6ypsum 0.180 3
2.|Gypsum plasterboard 0.210 13
3.|Service void (45mm) 0.244 [35x45 timber battens| 0.130 45
4.|0sB 0.130 9
5 [Insulation-Icynene 0.039 |2x38x44 SW Timber 0.130 202
6.|0SB 0.130 9
7.|Insulation-Icynene 0.039 150
8.

Percentage of Sec. 2 Percentage of Sec. 3 Total
= e

U-Value: 0.108 WAmK)

2 JJI Roof Plates
‘Assembly No. Bulding Assembly Description
Heat Transfer Resistance [W°KAV]  interior R,

exterior R, ©
Area Section 1 AWMk Area Section 2 (optional) AW Area Section 3 (optional) Akl Thickness [mm]
1 [Gypsum 0.180 3
5 |Gypsum plasterboard | 0.210 | T 13
3 [Service void 0.244 |35x45 timber battens| 0.130 45
4,|0sB 0.130 9
5.[Insulation-Icynene 0.039 |2x70x44 SW Timber 0.130 |9mm OSB Web 0.130 245
6.[0SB 0.130 9
7 [Insulation-Icynene 0.039 150
8.
Percentage of Sec. 2 Percentage of Sec. 3 Total

U-value:

99 Wim?K)

3 [conc Floor Slab ilm Deep
Assembly No. Bulding Assembly Description
Heat Transfer Resistance [m"KAW]

Area Section 1 AWINKI Area Section 2 (optional) AWkl Area Section 3 (optional) AWIm)) Thickness [mm]

1.[Cone 0.100 1000

2 |[Anhydride Screed 1.150 30

3

4.

S.

6.

7.

8

Percentage of Sec. 2 Percentage of Sec. 3 Total
cm
U-Value: 98 Wim?K)

PHPP 2007, U-Values New Masters Studio_amended

Figure S5. U Values of building elements calculation sheet.
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Passive House Planning
HEAT LOSSES VIA THE GROUND

Ground characteristics Climate data
Thermal conductivity Y 2.0 |[WAmK) |Av. indoor temp. winter T 20.0 |c
Heat capacity o 2.0 [MIAMK) [Av. indoor temp. summer T 25.0 |
Periodic penetration depth 5 317 m |Average ground surface temperature Tome 10.0 [C
[Amplitude of Tg ave Ter 5:% ||e
Length of the heating period n 6.7 |months
Heating degree hours - Exterior G 69.0 |kKh/a
Building data U-value floor slab/basement ceiling Uy 0.098 |W/AM*K)
Floor siab area A 41.7 |m Thermal bridges floor slab/basement ceiling  ‘Vg'l 0.00 |wk
Floor slab perimeter P [26.2 |m U-value floor slab/basement ceiling incl. TB Uy 0.098 WAM*K)
Charact. dimension of floor slab B 319 m Eq. thickness floor oy 204 m
Floor slab type (select only one)
h Heated basement or underground floor slab Unheated basement
|Slab on grade 'Suspended floor
For basement or floor slab below ground ] )
Basement depth z —Jm U-value below ground wall Uie [—Jw«m‘m
Additionally for unheated basements Height above ground wall h m
Air change unheated basement n h' U-value above ground wall Uw WAM?K)
Basement volume \ m* U-value basement floor siab U Wim*K)
For perimeter insulation for slab on grade For suspended floor
Perimeter insulation width/depth D 1.10 |m U-value crawl space Ucraw Wim?K)
Perimeter insulation thickness dn 0.20 |m Height of crawl space wall h m
Conductivity perimeter insulation %, 0.033 |W/(mK) U-value crawl space wall Uw W/(m?K)
Area of ventilation openings P m*
Position of the perimeter insulation  horizontal [Wind velocity at 10 m height v 4.0 |mss
(check only one field) vertical X |Wind shield factor fw 0.05 |-
Additional thermal bridge heat losses at perimeter Steady-state fraction Wpsa'l
Phase shift B months Harmonic fraction Yo ham” |
Groundwater correction
Depth of the groundwater table Zn g‘m Conductance of components with ground contact Cag 3.64 WK
Groundwater flow rate Qw 0.05 |m/id Relative insulation standard /B 746 -
Relative groundwater depth 2,8 094 -
Groundwater correction factor Gy 10002435 - Relative groundwater velocity B 0.26 -
fFassmem or underground floor slab
Eq. thickness floor slab d. m Phase shift p months
U-value floor slab Ut WiAmM?K) Exterior periodic conductance Cpe WK
Eq. thickness basement wall dy m
U-value wall Upw WAmM?K)
Steady-state conductance Cs WK
[Onheated basement
Steady-state conductance Cs WK Phase shift B months.
Exterior periodic conductance Coe WK
[Siab on grade
Heat transfer coefficient Uo 0.09 WAm?K) Phase shift B 1.44 months.
Eq. ins. thickness perimeter ins. d 192 m Exterior periodic conductance Cpe 230 WK
Perimeter insulation correction AY -0.02 WAmK)
Steady-state conductance Cs 3.21 WK
[Suspended fioor above a ventilated crawl space (at max. 0.5 m below ground)
Eq. ins. thickness crawl space dg m Phase shift B months
U-value crawl space floor slab Ug WimK) Exterior periodic conductance Cpe WK
U-value crawl space wall & vent. Uy WH(m?K)
Steady-state conductance Cs WK
Interim results
Phase shift B 1.44 months Steady-State heat flow [ 275 W
Steady-state conductance Cs 276 WK Periodic heat flow Dparm 40w
Exterior periodic conductance CP. 1.85 WK Heat losses during heating period Qua 154 kWh
Ground reduction factor for "Annual heating demand"” sheet
Monthly average ground temperatures for monthly method
Month 1 2 3 4 5 7 8 9 10 1 12 Average Vaiue
winter [ 105 | 98 | 99 | 106 | 118 [ 123 | 150 | 150 [ 143 131 117 [ 124 |
summer [ 17 | 14 | 14| 118 | 130 | 156 | 163 | 162 | 155 143 | 128 | 137 |

Design ground temperature for heating load sheet

PHPP 2007, Ground

for cooling load sheet

Figure S6. Heat losses via ground calculation sheet.
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Passive House Planning
REDUCTION FACTOR SOLAR RADIATION, WINDOW U-VALUE

Buiding 14 Studio | Annual Heating Demand Hasting Degres Hours:
Climate: East of Scotland 69.0
Giobal Won-
WindowArea | Radiation | g0 - icu- | Glazing |\ le:::!gzl:,adw Window Window | Glazing | Average Transmission | "o G:'"s
Orientation (Cardinal lar Incident | Fraction Area U-Value Area Losses
Pointsy | ‘Radiasion Radiation Radiation Radiation
‘MI—M VAn(mea) 075 (3 08 e Wilm ) S () | KWh/a KWia
North 77 0.97 085 085 0.684 0.50 0.53 312 0.89 21 84 192 70
East 173 0.75 085 085 0.650 0.50 0.39 0.90 0.97 06 310 60 55
South 386 0.99 095 085 0823 050 0.66 13.50 072 14 386 674 177
West 190 0.98 095 085 0.854 0.50 0.68 5.38 0.73 46 190 272 345
Horizontal 251 0.000 0.00 0.00 0.00 0.0 251 0
—— —— e —— ——
[Total or Ay 0.2 0.5_3 229_0 0.76 18.4 1199 2187
Structural opening Tocation Glazing Frame g-Value UValue Window Frame Dimensions Installation W-Value Results
Quan- Deviation from .ﬁ'ﬂﬁn Salectarma s"r;'?m‘?.‘"“ sel'o;c;"\:dmn'de for perper wiath | wioth | width | wiath | Lett | Right | sin | Head Window | Glazing | U-value | Fraction
uy | Descripton North fromthe | Onientation | Width Height ":n«k";::. Nol o wintype N[ wintype [0 R::";:" Glazing | Frames | “ on’ | Right | Bottom | Top | 10 | 10 | 10 | w0 | Fswew | Fimiwse [ Tpren Area | Window | per
Horizontal worksheet worksheet Window
Degrees Degrees ) ™ Select Select. Salect: - Wik | Wiy | m m m m WimK) | WiemK) 3 m K] %
T_|South Window __ 180 50 South_|_1.500 | 3.000 |swnws W] 1 |wowmoosnng w | T |vewmormeaw| 1| 0.50 | 0.58 | 0.69 | 0.10 | 0.10 | 0.10 | 0.05 | 1 | ©0 | 1 | 1 | 0.0a3 | 0.040 ¥ Xil X 2%
1 |South Window 180 50 South | 1.500 | 3.000 [swnwes __w | 1 |owsmosouns w| I [sewmormssw| 1| 0.50 | 0.58 | 0.65 | 0.10 | 0.10 | 0.10 [ 0.05 | 0 | 0 | 1 | 1 | 0.043 ] 0.040 g .71 X 82%
1 |South Window 180 50 South | 1.500 | 3.000 [swrwa w | 1 |vowsmooeons w | T [Newmormcaw| 1| 0.50 | 0.56 | 0.69 | 0.10 | 0.10 | 0.10 | 0.05 | 0 | 1 | 1 | 1 | 0.0a3 | 0.0a0 ¥ .71 X 82%
1 |West Window 270 90 West 2.240 2.400 | westwol W | 2 [Noroan opening W | 1 |Merosnormecw| 1| 0.50 0.58 0.69 0.10 [ 0.10 | 0.10 | 0.05 1 1 1 1 0.043 | 0.040 X .59 . 85%
1 |North West W 337 90 North 1.200 2.100 [notnwestwst W | 3 | norden Opening W | 1 | Nordan 0.7 Meect 1 0.50 0.58 0.69 0.10 0.10 0.10 0.05 1 1 1 Y 0.043 0.040 X .95 .81 7%
1 |boor Light 23 50 North 0.300 | 2.000 [mtrwor | 4 |NoromOenin | 3 [Newomarmecw| 1| 0.50 | 0.58 | 0.69 | 0.10 | 0.10 | 0.10 | 0.05 | L | 1 | 1 | 1 | 0.043 | 0.040 X 49 ¥ 3%
0 |Roof Window 113 65 East 1.200 | 1.850 [ewtfot W | 5 |NowanOvenig W[ 1 [Nowsnasmec®| 1| 0.50 0.58 | 0.69 | 0.10 | 0.10 | 0.10 | 0.05 | 1 1 1 1 | 0.043 | 0.040 . .00
0 |South Roof T 180 %0 South Sasmbodt W | 6 |noosnopening w | 1 [owmormeaw| 1] 0.50 | 0.56 | 0.65 | 0.10 | 0.10 | 0.10 | 0.05 | 1 | T | I | 1 | 0.043 | 0.040 X .00
1 |East Window 135 S0 East 1.500 0.600 |E£sst war W | 5 |NordanOpening @ | 1 [Norgen0rmecr® | 1 0.50 0.58 0.69 0.10 0.10 0.10 0.05 X 3 1 3 0.043 0.040 0.9 0.59 0.97 65%
v[© w0 v[®
el o wlo w| 0
w[© [0 v[®
w|o w|[T© w0
w[o v[o v[®
v[© v[© vl
w| 0 w| o0 w| 0
w[© v[© vl
el o w|o w|o
v [0 v[©
w[© | v[©
wl© v[© [
I~ =D =D
S M T —] =
v[© | v[®
w| o wlo w| o
w[© w[© w0
vlo v[© v|o
w|o w[© w0
el o |0 wlo
- .L - L |0
PHPP 2007, Windows 105_Reduction Factor Sokar

Figure S7.Solar radiation and window U Value calculation sheet.
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Passive House Planning
CALCULATING SHADING FACTORS

Cimate:|East of Scotland

Reduction
Building: M4 Stud:
9. udio | Orientation | Glazing Area Factor
Lattude: 56.45 |° m Ty

North 214 7%

East 0.59 75%

South 112 99%

West 4.59 98%

Horizontal 0.00 100%

Angle of Distance from Distance from Additional Horizontal i
Deviation from Height o the Horizontal | Window Reveal ng ng
Quantity | Description Orientation g Glazing Area Glazing Edgeto | Overhang Depth | Upper Glazing Shading | Shading Reduction)
Noth the Horizontal g Objec Distance Depth Pl " i fotin Reduction Factor | Reduction Factor | Reduction Factor

Degrees Degrees m ™ m m m ™ m m % % % % %
Vg he A Huen Ghe ORewwal [ Oover [ Tone [ Tr fo Ts
1 |South Windows 180 S0 South 1.30 2.85 3.7 0.03 0.050 0.03 0.050 100% 99% 100% 99%
1 |South Windows 180 90 South 1.30 2.85 3.7 0.03 0.050 0.03 0.050 100% 99% 100% 99%
1 [South Windows 180 90 South 1.30 2.85 3.7 0.03 0.050 0.03 0.050 100% 9%% 100% 99%
1 |West Window 270 90 West 2.04 2.25 4.6 0.03 0.050 0.03 0.050 100% 99% 99% 98%
1 |Worth West win___ 337 50 North 1.00 1.95 2.0 0.03 0.050 0.03 0.050 100% 98% 99% 97%
1 Door Light 23 90 North 0.10 1.85 0.2 0.03 0.050 0.03 0.050 100% 9% 99% 90%
0 |Roof Window 113 65 East 1.00 1.70 0.0 0.03 0.050 0.03 0.050 100% 7% 99% 97%
0 |south Roof Lig 180 40 South -0.20 -0.15 0.0 75%
1 |East Window 135 90 East 1.30 0.45 | 0.6 5%

PHPP 2007, Shading

Figure S8.Shading factors calculation sheet.
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Passive House Planning
VENTILATION DATA

Building: MM Studio ]

Treated floor area Arrx m? 47 (Areas worksheet)

Room height h m 2.5 (Annual Heating Demand worksheet)
Room ventilation volume (Arex*h) = Vy m? 119 (Annual Heating Demand worksheet)

Ventilation System Design - Standard Operation

Occupancy mP 35

Number of occupants P 1.4

Supply air per person m*/(P*h) 30

Supply air demand mh 41

Extract air rooms Kitchen Bathroom Shower wc
Quantity 0 0 [ 0
Extract air demand per room m*h 60 40 20 20
Total extract air demand m’h 0

Design air flow rate (maximum) m’/h

Average Air Change Rate Calculation

Daily operation Factors referenced to Aiir flow rate Air change rate
duration maximum
Type of operation hvd —h i
Maxi 1.00 46 0.39
Standard 24.0 0.77 36 0.30
Basic 0.54 25 0.21
Minimum 0.40 19 0.16

Average air flow rate (m*/h) Average air change rate (1/h)

Infiltration Air Change Rate

Wind protection coefficients e and f
Several One
Coefficient e for screening class sides side
exposed exposed
No screening 0.10 0.03
Moderate screening 0.07 0.02
High screening 0.04 0.01
Coefficient_f 15 20
for annual demand: _for heating load:
Wind protection coefficient, e 0.00
Wind protection coefficient, f 0 N“:xﬁ:: Ll 7 Air Permeabilty  qso
Air change rate at pressure test  nsp 1 0.00 m? m/(hm?)

Type of Ventilation System

| X |Balanced PH ventilation Please check for annual demand: for heating load:
Pure extract air
Excess extacta

Infiltration Air Change Rate Ny Res _ _

Effective Heat Recovery Efficiency of the Ventilation System with Heat Recovery

[ % |Heat recovery unit within the thermal envelope

Heat recovery unit outside of the thermal envelope.

Efficiency of heat recovery N 0.93 Paul Warmerickgewinnung GmbH - Novus 300 -

Conductance ambient air duct 2 WHmK)| 0.000 C: see secondary

Length ambient air duct m 0.5

[Conductance exhaust air duct e WAMK)| 0.000 Calculation see secondary calculation

Length exhaust air duct m 0.5 Room temperature (°C)
Temperature of mechanical services room °C Av. ambient temp. heating p. (°C)
Enter only if the heat recovery unit is outside of the thermal envelope. Av. ground temp (°C)

Effective heat recovery efficiency TR eff

Effective Heat Recovery Efficiency Subsoil Heat Exchanger
SHX efficiency
Heat recovery efficiency SHX

PHPP 2007, Ventilation 105_Reduction Factor Solar

Figure S9. Ventilation calculation sheet.

S11



Passive House Planning
SPECIFIC ANNUAL HEATING DEMAND

Climate;[East of Scotland Interior H 20.0 ¢
Buiiding: (MM _Studio Building type/use: [S tudio
Location: |Dundee Treated floor area A, 47.5 m?
per m?
Area U-value Temp. factor f; G treated
Building element Temperature zone m WKm*K) kKh/a kWhia floor area
1[Exterior Wall - Ambient 2 79.9 |*[ o0.108 |*[ 100 |*[ 69.0 |= 593
2[Exterior Wall - Ground B ® * 0.61 x =
3|Roof/Ceiling - Ambient A 78.4 |*[ 0.099 [*[ 100 |*[ 9.0 |= 533
4|Foor slab/ basement ceiling B e ] * 0.098 * 0.61 " 69.0 = 173
5. A ¥ i 1.00 b =
6. A l ol 1.00 * =
7 X * [ o5 =
8.[Windows a 22.9 |*[ 0.759 |*[ 100 |*[ €9.0 |= 1199
o |Exterior Door A 1.8 *[o.800 |*[ 100 |*[ €9.0 |= 97
10.[Exterior TB (length/m) A x |* 1.00 ® =
11.[Perimeter TB (length/m) P 26.1 i -0.017 * 061 * 69.0 = -19
12.(Ground TB (length/m) B * Wl 0.61 b =
Total of all building envelope areas 2246 KWhi(m*a)
Transmission Heat Losses Qr al 2577 | [ 543
Ara Clear room height
m m m
Ventilation System: Effective air volume, Vy [ 475 |*[ 2.50 |=[__1187 ]
i w935 ]
of heat recovery
Efficiency of subsoil heat exchanger TisHx 08 Ny system O
1h 1h
Energetically effective air exchange n., ‘ 0.300 (1[ 093 ‘) +‘ 0.046 | = 0.067 |
Vy ny Ca G
m* 1h Wh/(m*K) kKh/a kWh/a KWhi(m*a)
Ventilation Heat Losses Qy 119 *| 0067 -| 033 |*| 690 | =| 1 | [ 38
Reduction factor
Qr Qy night/weekend
—kwh/a KWh/a setback kWhia KWhi(m*a)
Total Heat Losses Q_ ) 10 |=[ 20 | [ 1 |
Orientation Reduction factor gvalue Area Radiation during
of the area see windows sheet  (perp. radiation) heating period
m* kWh/(m*a) kWh/a
1[North 0.53 |* 0.50 *[3.22 |* 84 = 70
2|East 0.39 x 0.50 *[ 0.9 * 310 = 55
3|South 0.66 |* 0.50 *[713750 |+ 386 |= 1717
4.[West 0.68 |* 0.50 *[ 5.38 |*[ 150 |= 345
5.|Hori | 0.00 |* 0.00 «[000 |+ 251 |= 0
KWhi(rr°a)
Available Solar Heat Gains Qg o 2167 | [ 460 |
Length Heat Period Spec. Power g Atea
kh/d dia Wim* m kWh/a KWhi(m’a)
Internal Heat Gains Q, 0024 * 205 [ 220 |+[ a5 |=[ 40 ] [ 103 ]
kWh/a KWhi(m*a)
Free Heat Q- Qs+ a=[ 267 | [ 564 |
Ratio of Free Heatto Losses Q/Q =
Utiisation Factor Heat Gains 1. (A - (Q/Q)) 1 (1 - (Qe/Q)) =
KWhia KWhi(m®a)
Heat Gains Qg et Q o= 28 | [ 417 |
kWhia KWhi(m*a)
Annual Heating Demand Q, Q - Qs =| 495 I 10 I
KWhi(m*a) (Yes/No)
Limiting Value 15 Requirement met? Yes

For buildings with a gain-loss-ratio above 0.7 you should use the Monthly Method (cf. manual).

PHPP 2007, Annual Heating Demand

Figure S10. Specific space heat demand calculation sheet.
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PHPP 2007, Monthly Method

PASSIVE HOUSE PLANNING
SPECIFIC ANNUAL HEATING DEMAND

MONTHLY METHOD

Climate:[East of Scotland Interior Temperature:| 20 |«
Building:|MM Studio Building Type/Use: |Studio |
Location:|Dundee Treated Floor Area Arrs: 47 |w
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
1.7 103 105 9.0 74 52 4.1 39 50 77 96 115 96 kKh
s 71 6.8 75 6.8 6.1 4.9 42 3.7 3.6 43 5.0 6.2 66 kKh
Losses - Exterior 441 391 396 340 281 196 154 146 190 289 364 435 3622 [kWh
Losses - Ground 26 25 27 25 22 18 15 13 13 16 18 23 241 kWh
Sum spec. losses 9.8 87 89 77 64 45 36 34 43 6.4 8.0 96 813  |kWhm*
Solar gains - North 4 8 18 27 41 43 42 32 21 12 6 3 258 [kwh
Solar gains - East 6 8 1 15 18 16 17 15 13 9 6 4 139 [kwh
Solar gains - South 200 267 338 404 431 373 395 395 373 284 222 133 3817  [kWh
Solar gains - West 25 44 82 123 160 152 152 131 103 60 33 18 1084  |kwh
Solar gains - Horiz. 0 0 0 0 0 0 0 0 0 0 0 ] 0 kWh
Solar gains - Opaque 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh
Internal Heat Gains 74 67 74 72 74 72 74 74 72 74 72 74 874 [kwh
Sum spec. gains solar + internai 6.5 83 11.0 135 15.2 138 143 136 123 93 71 49 129.9  [kwh/m?
Utilisation factor 100% 94% 79% 57% 42% 33% 25% 25% 35% 69% 96% 100% 54%
Annual heating demand 158 a7 10 0 0 0 0 0 0 2 58 225 501 KWh
Spec. heating demand 33 1.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 4.7 10.5  |kWh/m?
=3Spec. heating demand C3Sum spec. gains solar + internal -<#-Sum spec. losses
18
E 16
o] —
°© 14 — —
3
7 12 - e EEE EE EEE Emm |
"] : _—
o
- 10 1 1 1 1 1 [~
‘g
‘S 8 | ;17 — — — —
g. I~
» 6 — 7‘< — 1
4 S (S .. —“>< = 7,.'
-.--_..,-
2 - ] l—— — — l— ] ] l—— — |
0 = 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure S11. Specific annual heating demand calculation sheet.
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Passive House Planning
SPECIFIC SPACE HEATING LOAD

Building: [MM Studio Building typeluse:| Studio
. ! Interior n
Location:|Dundae Treated floor area Aip;|  47.5 |m? temperature: 20 c
Climate (HL):[East of Scotland
Design temperature  Radiation: Noth  East Horizontal
Weather condition 1:[  -1.4 | "¢ [5 ] 13 ] |wime
Weather condition 2:[ 0.6 *c 5 | 10 | i
Design 9.8 ‘c Area U-value TempDiff 1 TempDiff 2 Pr1 Pr2
Building element Tempacturozone WHK) K w w
1 [Exterior Wall - Ambient A _79.9 * [o-108 or 194 = 184 or 167
2|Exterior Wall - Ground B § | or 10.2 = or
3|Roo£/Ceiling - Ambient A 78.4 * 0.099 | or 19.4 = 165 or 150
4[Foor slab/ basement ceiling| B | 41.7 | * [ 0.098 | or 102 = a1 or 4
s A . | or 194 = or
[ a . | or 194 = or
7 = . or 194 = or
& [Windows Al 22,9 ¢ 0.759 or 194 = 372 or 337
¢ [Exterior Door A 1.8 ) 0.800 | or 194 = 30 or 27
10 [Exterior T8 (length/m) A ] = | or 194 = or
1 [Perimeter T8 (length/m) P| 26.1 * | -0.017] or 10.2 = 5 or -5
12 [6round TB (length/m) B * | or 102 = or
12 [House/DU Partition wall T ® ] or 30 = or
Transmission heat losses Py
Total = or 718
A Clear room height
Ventilation system: m m m*
Effective air volume, Vi, = 119
gl w2
Efficsncy of heat recovery e 93% Efficency SHX 0% or 0% |
the heat sxchanger
D
h 1h
Energetically effective air exchange n, or 0.93 )= 0.126 or 0.126
Ventilation heat losses P,
vy n, n [ TempDiff 1 TempDiff 2 Py1 Py2
m 1h h Whi(m’K) K K w w
1187 * 0126 or 0126  * 033 ©214 or 19.4 = or
Pt P2
Total heat loss P w w
Pr+Py = | _sa | o [ 814 |
Orientation of the area Acea g-value Reduction factor Radiation 2 Ps1 Ps2
o (perp. radiation)  (see Windows worksheet) Wim? w w
1. [North_ 31 ] - [[o5] ¢ [o3 » or 5 = 4 or 4]
2.[Bast 0.9 . 0.5 . 0.4 . or 26 = 7 or 5
3. [South 3.5 | ¢ 0.5 | * 0.7 » or 36 = 235 or 160
4. |West 5.4 b4 0.5 | °* 0.7 » or 11 = 27 or 20
6. [Horizontal 0.0 . 0.0 | * 0.4 . or 13 = 0 or 0
Solar heat load, Ps Total = [ 2ra ] o [ 18
Spec. power Ara P P2
Internal heat load P, Wim? m* w w
e ] = [ ] o [16 ]
Ps1 Ps2
Heat gains P; w w
per = [ ] o [z
PL-Pg = [ s
Heating load P, o
Specific heating load Py / Arga =
Input max. supply air temperature| 52 |°C c G
Max. supply air temperature 85,00 100| 52 |°C ‘Supply air temperature without reheating Bsusph Mo [ 1es ] [1as

For comparison: Heating load transportable by supply air. P.... .. . = [[302 Jw spearnc Win?

esio)

Supply air heating sufficient?

PHPP 2007, Heating Load 105_Reduction Factor Solar

Figure S12. Specific space heating load calculation sheet.
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Passive House Planning

SuU

MMER

Climate:|[East of Scotland Interior temperature: 20 K
Building: (MM Studio Building type/use:| Studio
Location:| Dundee Treated floor area A 47.5 |m*
Spec. capacity:| 132 [Wh/K per m? TFA
reeatioa( 25l [ Area U-value Red. factor f; <y e Hayane Heat conductance
Building element Temperature zone m WHm?K)y
1|Exterior Wall - Ambierf A 79.9 o 0.108 Gl 1.00 86
2|Exterior Wall - Ground B ® i 1.00 =
3|Roof/Ceiling - Ambient] A 78.4 2 0.099 & 1.00 = 7.7
4/Foor slab/ basement cq B 41.7 * [ 0.098 * 1.00 41
5. A * ¥ 1.00 =
6. A ® i 1.00
L X = # 0.75 =
8 [Windows A 22.9 * [ 0.759 . 1.00 = 174
9.|Exterior Door A 1.8 - 0.800 * 1.00 14
10Exterior TB (length/m) A * * 1.00 =
11./Perimeter TB (lentjtli/n P 26.1 * [=0.017 * 1.00 -0.4
12|Ground TB (length/m) B s . 1.00
Exterior thermal conductance, H; 351 |wiKk
Ground thermal conductance, Hr 4 36  |wk
Arra Clear room height
Effective m? m m
Heat recovery efficiency MHR. 938 air volume V., 47.5 | 2 | 2.50 I = L 119 |
SHX efficiency M*sHx
Summer ventilation  continuous ventiation to provide sufficient indoor air quality
Air change rate by natural (windows & or exhaust-only , summer:
Mechanical ventilation summer: : 1h |:lw‘rth HR (check if applicable)
Nenat Py system Dir Ny Rest
1h h 1 1h
Energetically effective air change rate ny [ 3100 | +[ 0000 |*(1- 0000 |y + [ oc.co0 | = [ 3100 |
Vy N equi fraction Car
o - ) Whi(m?K)
Ventilation conduct. ambient Hy . 119 * | 3.100 * 0.33
. N
Ventilation conduct. ground Hyq H H 033
Additional summer ventilation for cooling Temperature amplitude summer K
select| X |Window night ventilation, manual Corresponding air change rate 3.75 |im
[ (for window ventilation: at 1 K temperature difference indoor - outdoor)
Minimum acceptable indoor temperature C
Orientation Angle Shading g-value Area Portion of glazing Aperture
of the area factor factor Dirt (perp. radiation)
- Summer_ Summer m? W
1.[North 09 * 0.98 * 0.95 0.50 * 3.1 * 688 = 0.9
2[East 0.9 ¥ 1.00 . 0.95 0.50 x 0.9 b 658 = 0.3
3.[south 0.9 - 0.99 * 0.95 0.50 ® 13.5 % 828 = 4.7
4[West 0.9 * 0.9 | * 0.95 0.50 * 5.4 * 858 = 2.0
5|Horizontal 09 - 1.00 | * 0.95 0.00 - 0.0 * 0% = 00
6[Sum Opaque Areas 0.0
— i
Solar aperture ol 78 ]
Specif. power g Area
Wim® m w Wim?
Internal heat loads Q, | [ a7 ] =] 100 | 2]

Frequency of overheating hg .. g...

at the overheating limit 8,,,, =25°C

If the “frequency over 25°C" exceeds 10%, additional measures to protect against summer heat waves are necessary.

Caution: Large daily swing. C: of is not reliable.
Solar load Spec. capacity Arra
KWhid 1k Whi(m?K) m
Daily temperature swing due to sofar load =000 /(132 |+ [ e =

PHPP 2007, Summer

Figure S13. Summer ventilation calculation sheet.
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Passive House Planning

CALCULATING SUMMER SHADING FACTORS
Cimas [East of Scotland |
Summer
Glazing Area. |51aing Factor
Buidng [MM Studio m* L3
Latue | 56.45 North 244 98% Results from the Summer worksheet:
East 059 100% Frequency of Overheating s smac
South 112 99%
West 459 99%
Horizontal 0.00 100%
Input Field
Summer Summer
Angle of Distance from Additional Shading Horizontal Total Summer
- Deviation from Height of the Horizontal | Window Revea .
uantity | Description: inclinstion from | Orientation | Glazing Width | Glazing Height | Giazing Ares Glazing Edgeto | Overhang Depth | UpperGiazing | Reduction Factor | for temporary sun | Shading Shading
b North Shading Object Distance Deptn e v | ) " | Redoction Factor | Reduction Factor | Reduction Factor | o\ a0
Derees Toares ™ I I o I I w. £ % % w® % 3
o h s [ G Onet e Oover [ Tomac z i e o n
T |South Windows 180 50 South 1.30 7.85 3.7 5.03 5.05 0.03 0.05 100% 99% 100% 99%
1 |South Windows 180 90 South 1.30 2.85 3.7 0.03 0.05 0.03 0.05 100% 99% 100% 99%
1 |South Windows 180 S0 South 1.30 2.85 3.7 0.03 0.05 0.03 0.05 100% 99% 100% 99%
1 |West Window 270 50 West 2.04 2.25 a6 0.03 0.05 0.03 0.05 100% 99% 100% 99%
1 |North West Wind 337 S0 North 1.00 1.95 2.0 0.03 0.05 0.03 0.05 100% 99% 100% 99%
1 [Door Light 23 90 North 0.10 1.85 0.2 0.03 0.05 0.03 0.05 100% 93% 100% 93%
0 |Roof Window 113 65 East 1.00 1.70 0.0 0.03 0.05 0.03 0.05 100% 99% 100% 99%
0 |South Roof Light] 180 40 South -0.20 -0.15 0.0 100% 100% 100% 100%
1 [East Window 135 90 East 1.30 0.45 0.6 100% 100% 100% 100%

PHPP 2007, Shading S

Figure S14. Summer shading calculation sheet.
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Passive House Planning

SUMMER VENTILATION

Building:[MM_Studio

Location JDundee

Building Type/Use:| Studio

Building Volume! 119 m

Description Door ower Win Skylight Skylight
Fraction of Opening Duration [_soe 508 dﬁ 508 | ’ 100% }
Climate Boundary Conditions
Temperature Diff Interior - Exterior 4 4 [ 4 I 1 I3
Wind Velocity 1 1 | 1 | 0 s
Window Group 1
Quantity i at 1 ab
Clear Width 0.88 1.10 1.10 1.10 m
Clear Height 2.00 1.5 2.00 2.00 m
Tilting Windows? x X x x
Opening Width (for tilting windows) 0.800 1.100 1.100 1.100 m
Window Group 2 (Cross Ventilation)
Quantity
Clear Width m
Clear Height m
Tilting Windows?
Opening Width (for Tilting Windows) m
Difference in Height to Window 1 m
Single-Sided Ventilation 1 - Airflow Volume 617 783 913 0 445 0 m¥h
Single-Sided Ventilation 2 - Airflow Volume 0 0 0 0 0 0 mh
Cross Ventilation Airflow Volume 617 783 913 0 445 0 m3h
Contribution to Air Change Rate 2.60 3.30 3.84 0.00 3.75 0.00 1/h
Summary of Summer Ventilation Distribution
Daily Average Air
Description Ventiation Type Change Rate
3 Windows Open 508 Time MAX 9.74 1/h
Night Vent 3505 11/h

|1

PHPP 2007, SummVent

Figure S15. Summer ventilation calculation sheet.
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Ciimate:[East of Scotland
Building: MM Studio

SPECIFIC USEFUL COOLING DEMAND

PASSIVE HOUSE PLANNING

MONTHLY METHOD

25

Building Type/Use: | S tudio

Location: [Dundee’ | Treated Floor Area Arr.: 47 e
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
[Heating Degree Hours - Exterior 15.4 137 14.2 126 1.2 88 78 7.6 86 1.4 13.2 15.3 140 kKh
Heating Dogree Hours - Grownd. 10.8 102 1.2 10.4 938 85 7.9 7.4 7.2 80 86 99 110 kKh
Losses - Exterior 2404 2140 2219 1967 1742 1371 1220 1185 1349 1777 2068 2381 21825 KWh
Losses - Ground 44 42 46 42 40 35 32 30 29 33 35 a 449 kWh
Losses Summer ventiation 0 0 0 0 0 0 0 0 0 0 0 0 0 KWh
[Sum Spec Heat Losses 51.6 459 477 423 375 206 264 256 29.0 38.1 443 51.0 469.0 KWhim?
Sober Load Norty 4 9 19 29 44 46 45 34 23 13 7 4 277 KWh
| Scier Load Eest 8 12 16 21 25 2 24 22 18 13 9 5 197 Kwh
Sder Load Sauth 211 282 357 427 456 395 418 418 395 301 235 141 4035 KWh
[Sclar Load West 27 47 88 133 172 164 164 141 111 64 35 20 1165 KWh
Sciar Load Horz 0 0 0 0 0 0 0 0 0 0 0 0 0 KWh
[Scier Load Opaaue 0 0 0 0 0 0 0 0 0 0 0 0 0 kAh
tenal Heat Gars. 74 67 74 72 74 72 74 74 72 74 72 74 874 Kwh
Sum SpecLoads Soler + intemal 69 8.8 1.7 14.4 16.2 14.7 153 145 13.0 938 75 5.1 137.9 kWh/m?
Uthsation Factor Losses. 13% 19% 24% 33% 42% 47% 53% 53% 43% 26% 17% 10% 29%
Usetus Cootng Energy Demand 0 1 3 1 25 33 56 46 22 3 1 0 202 KAh
[Spec. Cooling Demand 0.0 0.0 0.1 0.2 0.5 0.7 1.2 1.0 05 01 0.0 0.0 43 kWhim?
60 =3Spec. Cooling Demand E=3Sum Spec. Heat Losses Sum Spec. Loads Solar + Internal

H

3

§

[

o

-

o

&

Q

0

Mar Apr May Jun Jul Aug Sep Oct Nov Dec

PHPP 2007, Codling

Figure S16. Specific useful cooling demand calculation sheet.

S18

105_Reduction Factor Solar



Passive House Planning
HEAT DISTRIBUTION AND DHW SYSTEM

Buiding: {0 Studio
Location: [Dundee
Interior 20 Ic
Buikding Type/Use: [Studic
Treated Floor Area Ay ! 47 m*
Occupancy: 14 Pers
Number of 1
55 KWhia
Length of Heating Period:| 205 d
Average Heating Load P.,,: 01 KW
a5% ~ Parts
‘Warm Region Cold Region Total
Space Heat Distribution 1 p) 3
Length of distribution pipes Ly (Proect) m
Heat loss coefficient per m pipe ¥ (Poy [ WH(mK)
Temp. of the room through which the pipes pass 8y Mechanica) Room 20 c
Design flow temperature By Flow, Clsin Value c
Design system heating load Presng (Oxistcalc W
Flow temperature control (check)
Design retum temperature % =0.7144(84,-20)+20 <
Annual heat emission per m of plumbing Qe =0 (BB g0 024 Tees 123 KWhim-a)
Possible utlzation factor of released heat e -
Annual losses Q. =Ly gl (1-ng) 0 0 0 0 Jfkwhia
Specif. losses. Qi =5Qy [ Aja
Performance ratio of heat distribution L =(Q*+ )/
DHW: Standard Useful Heat
DHW consumption per person and day (60 °C) Voww (Projec or Auerage Vakie 25 Lires/Fid) 25.0 Litre/Person/d
Average cold water temperature of the supply Sow rature of Ornking Water (10°) 10.0 HS
DHW Non-electric laundry and dishwashing ety wskshasl) o KWhia
Useful heat - DHW 718 hia
Specif. useful heat - DHW. =Quun /A wwhima) | 15.1
DHW Distribution and Storage Wam Region Cold Region Total
Length of circulation pipes (flow + return) L (ProwEt) m
Heatloss coefficient per m pipe W (Proect) WimK
Temp. of the room through which the pipes pass 8y Mechanics) Room 20 ‘c
Design flow temperature Bsst Flow, Dosgn Valus ©
Daily running hours of the circuiation e (Proct) hid
Design retum temperature By =0.875"(34,-201+20 ¢
Annual running hours of the circulation to =365 I hia
Annual heat release per m of pipe az =W OBt | KWhim/a
Possible utilization factor of released heat Toouw. 3650 * 115 | -
Annual heat loss from circulation lines. Q =Lus* 'z (- Thoouw) 0 Jwhia
Total length of individual pipes Ly (Proect) m
Exterior pipe diameter dy_ppe (Pokct) &
Heat loss per tap opening Qncnoss (om0 Vo0 Comn Vot Do )| kWhiap opening
Oceupancy coefficient - =Npuy. 3.365 /0y Tap openings per year
Annual heat loss a i KWhia
Possible utlization factor of released heat nou /87600 -
Annual heat loss of individual pipes aQ, =qu (-0 0 Jjownza
Tota 123
Average heat released from storage w
Possible utization factor of released heat oonf 876075 | |
Annual heat losses from storage =P 8760 kh-(1-11s ) | | 0 Jpewnia
Toea 123
Total heat losses of the DHW system Qu =Q+Q*Qs 0 Whia
‘Specif. losses of the DHW system Qe =Qu/Area khima) [ 0.0 |
Performance ratio DHW-distribution + storage Cawe = (@ *+ Qo) Gros 100.0%
Total heat demand of DHW system Quonw =QuyantQui 718 hia
Total spec. heat demand of DHW system Goonw =Quouw !/ Area Kwhim'a) [ 151

PHPP 2007, DHW + Distribution

105_Reduction Factor Solar

Figure S17. Heat distribution and domestic hot water calculation sheet.
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Passive House Planning
ELECTRICITY DEMAND

Budng MM Studio

No. of households 1 HH
Persons 1.4 p Solar Fraction of DHW Laundry& Dish Prim. Energy Factors: Electricity 2.6 WWRRWh
Treated floor area 47 m Marginal Performance Ratio DHW 0% Natural Gas 1.1 KWhKWh
Annual Heating Demand 10 KWhi(m?a) Marginal Performance Ratio Heating ~ 100% Energy Carrler for Space Heating/DHW: [ ]
Column No. 1 3 4 5 6 7 8 8a 9 1 12 13 14
© s 2 - o . o o
_|lEg|| = 1<} = > 5 o £ 3 c oS s
glis<|| & K 3 3 S 5 £c - Ty 2 ] Es
z = w c le] 2T © B S ] S o k] 2 e =
icati S < < i} g = TS €2 © o= W=
Application ol gl & s 3 3 o wg - 25 i w3z °
BlESl € =5 g e 3 g ISP 2 58 = 2 22
gllee|| § g i g 3= g sS- w g =5 2 § g g g
SEE| 8 = 2 4 e Z 5 £ 3 z5 € g
= w 5 e w (=] 2 -] (-]
Dishwashing 0 ][ 1 |[1.10]wwnuse *[ 100 [+ 65 |upa *|14lp = 0| | 100% = 0 0

Cold Water Connection . 0% "(|+ )*[0.00 |'(1-|:] )= |
Clothes Washing [o][ 2 ][2.10]uhmuse “[1.00 ][ 57 [«ra 100% =

Cold Water Connection ) Y 0%| | ] ] '(1*)' 0.00 '(1-E)=

i
°
"
o
o
=)

Clothes Drying with: wse [ 27 1 [ 0.88 || 57 [wea [ 14]p = 0 0% = 0 0
Clothesline | 0.60] L = 0 0% [[100] - [0 ] 0
o —r———— 0.00 Jkwhuse (060 | [ 57 Juea +[Tale = 0| 100% *(+[000])+[100 | -[077 ])=[0 | 0
Refrigerating 0.78 |kwhid “[ 1.00 |*| 365 |ua o RO L 0] *[ 100% = 0 0
Freezing 0.88 |kwh/d *] 1.00 |*| 365 |[¢a T | = 0| *[ 100% = 0 0
or Combined Unit 1.00 [kwhid +[71.00 |*[ 365 |wa [ 1 | = 0| *[100% = 0 0
Cooking with 0.25 |whuse *[71.00 |*[ 500 [wea *[1alr =[ 170|-[100% - 170 441
Electricity | | . 0% [o] [
Lighting 11 Jw [ 200% |-[ 1.00 | [ 290 |wiea [ 14 23| - [100% - 23 13
Consumer Electronics 1 150 |w *[71.00 | *[0.55 [wwea *[14]p = 112| *| 100% = 112 291
Small Appliances, etc. 1 50 |kwn *[1.00 |*[ 1.00 |1 *[14]|p 68| * [ 100% = 68 176
Total Aux. Electricity - 42 42 109
Other -
1] 0 0 0
1 0 0 0
0 0 0
DHW Non-Electric - Laundry&Dish
[azs]uwn [ 435 Jown [ o ] im0 ][ 1130 ]

Non-Renewable Non-Electric DHW Laundry&Dish

| 9.2 Jownrema) I 0.0 | wwnima) 0.0 | | 23.8 |
IRecommended Maximum Value

PHPP 2007, Electricity 105_Reduction Factor Solar

Figure S18. Electricity demand calculation sheet
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Passive House Planning
Buiding M Studio AUXILIARY ELECTRICITY
1 |Living Area 47.49| m? Operation Vent. System Winter 491 Primary Energy Factor - Electricity KWh/kwWh
2 |Heating Period 205 | d Operation Vent. System Summer 3.85 Annual Space Heating Demand KWhi(mZa)
3 |Air Volume 119 | m® Air Change Rate 0.30 Boiler Rated Power KW
4 | Dwelling Units ¥ HH Defrosting HX from °C DHW System Heat Demand kWh/a
5 |Enclosed Volume 343 m® Design Flow Temperature *C
Column No. 1 2 3 4 5 6 7 8 9 10 11
s fs 2 g % & g w® Es % 8%
g || &5 || & £ 2 : 25 53 ] 2 HE
Application ‘é 2 E g % % E § E % é é 3 g £ 2 E
NI g : 8 “ - L £3 £
Ventilation System
Winter Ventilation | 0.24 *[ 0.30 |n' *| 4.9 |kha * 118.735 42 considered in heat recovery efficiency 109
Summer Ventilation | 024 *1 0.30 [n' *| 3.9 [kha * 118.735 0 no summer contribution to IHG 0
Defroster HX i1 ‘ 1 0 *|1 1.00 * 0.2 |k * 1 * 1.0 | /| 491 0
Heating System Controlled/Uncontrolied (1/0)
Enter the Rated Power of the Pump w 1
[circutation Pump [[ 0 ][ o 9% |w [ o8 [ 49 e - 1 [ 10 /[ 491 ] | 0 |
Boiler Blectricity Consumption at 30% Load W
|Aux Energy - Heat Boller | | 0 | ‘707 55 |w *| 1.00 | "l 0.00 |kh/a . | 1 | '| 1.0 | /l 4.91 | | 0 |
DHW system
Enter Average Power Consumption of Pump ] w
[Gircutation Pump |[ o ][ o 28 |w  +[100] [ 43 Jwa | 1 |[ o6 ]/[ 876 | [ 0 |
Enter the Rated Power of the Pump’ W
[storage Loag Pumporw | [ 0 | [ 0 50 w +[100] *[ 00 |wna ] 1 | 10 ]/ 491 | [ 0 |
Boiler Electricity Consumption at 100% Load w
|DHW Boiler Aux. Energy I | 0 | ‘ 0 165 (w 'I 1.00 | *l 0.0 |kh/a . | 1 | '| 1.0 | /| 491 | | 0 |
Enter the Rated Power of the Solar DHW Pump w
ISolarAux Electricity I | 0 | = 35 |w 'I 1.00 ] '[ 1.8 Ikh/a . I 1 ] '| 0.6 | /I 8.76 I | 0 ]
Misc. Aux. Electricity
[Misc muc Eecticy ][0 ][ 1 ][1200wwwa [100] *[10] 1 ][ 10 ]/[ 876 ][ 0 |
| o]
KWhi(m?a) Divide by Living Area E

PHPP 2007, Aux Electricity

Figure S19. Auxiliary electricity calculation sheet
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Passive House Planning
PRIMARY ENERGY VALUE

Buidng MM Studio | Building typaruse [Studio
Locaton [Dundes ] Troatd flor aree A W =
Enter data ace heating demand incl. dstrbubon 10 nniats)
Useful cooking demand o wnsnrs)
Emissions
| Final Energy PrimaryEnergy | oo e ivrient
| I KhimTa)
Etectricity demand (without heat pump) PE vae
Covered fraction of space heating demand (eroect) I Toor T
Covsred fraction of DHW demand (Froect) [ o8 7.6
Direct slsctric heating 04 71
DHW production, drect electric (whout laundry&dish) o (OFWDIIBAIR, SoGrCAW) (X 50
Electnc posinesbng DHW laundryldis (Be 5o 0 00
Escincily demand housshold appiiances Opey  (Bectrsy warksresy 53 215 56
Esctncity demand- Ausiiary siectrcity [E) 23 00
Total electricity demand (without heat pump) 88 53 133
PE vaue Qoo
Equistent
on of space hiating demand (projec) [ o5 T v
n of DHW demand (project) [ 0% 7.6 680
Enecgy carmer - Supplementary heating £X3 | 80
Anual coefficirt of performance - Heat purre Soparoe Gokusation
Total system performance rebo of heat generetor Separa
sty demand heat pump (vifout DHW laundryaaisn) o [ [
on-elocnc domand, DHVY laundrysaish (Bwctey worstecy 7o [0
Total electricity demand heat pump 00 50
Compact heat pump unit PE Val COzBnlin XK 0
» pump YR Equisien
overed fracton of space haatng demand prowes) [ o [T ovwn
Covered fraction of DHW demand (Project [ % 26 680
Energy canmer - Supplementary heating 7% T 0 ]
COP heat pump heating o snes) 0.0
 Heat pump DHW (Campact workareet) [
Perormance rato of hest generatar (Veication] (Campact workares)
Perormance rato of Heat gensrator (Planning) (Conpact worksree)
Esscircty demand haat pump {veihcut DHYW laundryscish) Qw  (Conpstwarsreep oo o0 I o
Non-electric demand, DHWY laundry&dish .0 00 00
Total compact unit (Compact werksresy o0 50 T —
vatie L
Boller Py Equnsten
jod iraction of &p8ce hesting defend (prawcts [ o T P
overod fracton of DHW demand proect) [ %
Boler type Boter weratoct)
Porarmance (et of heat generator (Boter wersteey o
Annual energy demend (vitheut DHW laundyadsh e —— oo
Nen-eleciric demand, DHWY launryish (Ewtrey werston) 0.0
Total heating oiligasiwood [
s Emission Factr (0
PE vane g
District heat € v i px
ton of space hestng demand provect) [ o oy gran
on of DHW demand (project) [ o 0.0 0

Hoat source

Performance ratio of heat generator
Heaing demand distict heat (wehout DHW laundrySdish)
sloctric demand, DHW laundry&dish

Total district heat

N

(Disnct Host werkshesd
(Ditrct Hoat workshoe)
(DNt Mot worsshee)
(Bectrety wersteet)

Energy demand space cooling

other PE Vae
Cavered Iraction of spaca haatig domang projecty I % T P
Covered fraction of DHW demand (Project) L 0% 0 55
Haat source ) Vool
Performance rato of heat generator (project)
Annual sneray demend, space heeting [ o0 o0
Anual aneray demand, DHW (wiout DHW launarv dsh] o 00 50
Non-slectric demand, DHW launcry&dish 00 00 00
Non-electric demand cooking/drying (gas) 00 00 00
otal - Other 00 00 00
[Cooling with electric heat pump PE Vae
Trwn o
Covered fracton of cooling demen Proect) [ 100% 2.6 680
Heat sourcs
Anual cookng COP

[Heating, cooling, DHW, y and household electricity

Specific PE Demand - Mechanical System
Total Emissions CO,-Equivalent

7.7

Total PE Value 50.9 Why(ma)
Total Emissions CO,-Equivalent 133 otmia)
Primary Energy Requirement 120 [awnirrea) Yes
[Hoating, DHW, auxiliary electricity (no household applications) 13 | 294 1 77 |
294 whvima)

Solar electricity

Planned annual slectricity generation

Specific Primary Energy Reduction
PE Value: Reduction through solar electricity

CO,-emissions avoided due to solar electricity

Separate Cakuiation

PE Vakie (Savngs)

e

0.7

Wrv(ma)

o\mia)

PHEP 2007, PE Vatue

Figure S20. Primary energy calculation sheet
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Passive House Planning
CLIMATE DATA

Buidng 1ot studio
Standardrsgion! cimate: Select hers Use reginal data? Yes Transferto annual method
- = Cimste buiking East of Scatiand Hr 25 40 f
A Chosen method fr amus hesting demand Anmual. method 6 B arva i
o Moninly deta Eastof Scatland North 7 awnitaes) H
Annual eta East [0 ni(rra)
Usa annual cimate data sat No Scuth £ amiita)
Seloctregional cimate here Resuts west 0 awniires)
o = Amiibosing omerd o, kot i i
it Hestngioas —cw—
i 7 7 T ] T 5 7 3 T 7 i 7 7z Congtoss
7 il il g T £ T T % T 3 T LT
ﬁ:m;"*“’ i Eat of Scctand Latitude =5 Longtude * East EY) tude m ) Daly Tempsrature Seing Surmmer (K) 51 RadwonDaa | MWh(m™menth) Radascn Wit Wi
Phase shift menths Fembrect Temp. 3 T T 0 IPE3 T g LX) 3 a5 T3 TE %4
700 Tom F:] £ o) a7 £ )
T Tt L4 £ 37 = z) 19 SE—
B =an o g £ = = T
i Wost =3 £ £2] £} 7 T i3
I Clobal 10 i27] 215} ad fiL) 3 236
SR o sverage Teperdure K T Pont 37 L¥3 £ 08 EEE] 13 13 3 ) 3
i . ETRCT = %7 ) 3 5] 75 EXS €13 35 o3 = =5 XS
ST Tos 56 5 To.c [N 5] fI) T 50 TS [N T oA 5% Tos

PHPP 2007, Climate Data 105_Reducticn Factor Sclar

Figure S21. Climate data calculation sheet.
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Passive House Planning
INTERNAL HEAT GAINS

Building: |M Studio |

Utilisation Pattern: | Residential building o 210 Wim?
Type of Values Used: | sundsrg v No entry required Wim?
Calculation Persons 1.4 P Annual Heating Demand | 10 |kWh/(m?a)
| | Heat Household Living Area 47 m? Heating Period 205 |d/a
Column No 1 2 3 7 5 3 7 £ 9 10
o 5 —
2 g < g 3 g
E ° S 5 £ 5
£ e ] 5 s S $ g
c I3 g B 2 £ i £
52 i E 9 s S z 2 3
- 28 |38 Z 't 3 B ws 3 Fg 2
Application 58 g =3 £ § 2 g 5 ] oF 3
=i 3 5] I o & 34 s 5 =
= ° E E & w = 3 < a =
3 ® S 3 2 ] o 2
2 £ Zz 8 £ i 5
i = ] = 2
Dishwashing 0 1 1.1 [kWnhiUse 1.00 65 | /Pa) 0 ¢ 030 (| /]| 876 |= 0
Clothes Washing 1 1.1 [kwhiuse 1.00 57 |/pPta) 0 . 030 | /|876|= 0
Clothes Drying with: i 0 3.5 |kwhiUse 0.88 57 |#Pta) 0 . 1.00|/|876]|= 0
Clothesline 0 0.0 0 0.80
Energy Consumed by Evaporation 1 0 0.0 [kwhUse 0.60 57 | /P*a) 0 ‘(- 0 |)*|1.00]| /]| 876]|= 0
i i 0 1 0.8 [kwh/id 1.00 365 |da 0 . 100 | /| 876 | = 0
Freezing 0 1 0.9  [kwhid 1.00 365 |da 0 w 100 | /| 876 | = 0
or C 0 3 1.0 |kwhid 1.00 365 |da 0 a 100 | /| 876 | = 0
Cooking 1 1 0.3 [kWnhiUse 1.00 500 |/AP*a) 170 ¢ 050 | /| 876 |= 10
Lighting 1 1 11.0 |w 1.00 2.9 |kvPa) 43 . 100 | /[ 876 | = 5
Consumer Electronics 1 1 150.0 |w 1.00 0.55 [kh/(P*a) 112 . 100 | /| 876 | = 13
Household Appliances/Other 1 1 50.0 |kwh 1.00 1.0 |/AP*a) 68 » 1.00 | / = 8
Auxiliary Appliances (cf. Aux Electricity Sheet) 0
Other Applications (cf. Electricity Sheet) 0 0.0 0 “ / 0
Persons 1 x 80.0 |we 1.00 8.76 |kh/a [ 951 ] - [055] / 60
Cold Water 1 1 -5.0 |wP 1.00 8.76 |khia = -7
Evaporation T 1 -25.0 |we 1.00 8.76 |kh/a [-297] - / = 34
l w
Specific Demand | Wim? 1.14
Heat Available From Internal Sources kWh/(m?a) 56
PHPP 2007, HG 105_Reduction Factor Solar

Figure S22. Internal heat gains calculation sheet.
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