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Introductory PHPP Exercise

8 October 2010
Dr. Jon W. Hand
Department of Mechanical Engineering
University of Strathclyde, Glasgow Scotland

Introduction

PassivHaus projects are assessed via the PHPP (PassiveHaus Planning Package). It is also
a major topic within CEPH workshops. The PHPP has lots of worksheets. Navigation comes
with practice. PH has rituals and rules which you are going to be getting used to. In
preparation for the workshop, here is a simple project, a retreat for a writer, somewhere in
the woodland near Manchester to enter into the PHPP. This model is used in the CEPH
workshop. You can also use it independently to improve your skills with the PHPP.

Your task is to read the Passive House Planning Package 2007 Manual in order to
understand how this retreat gets translated into a PHPP model. The commentary points out
some of the places to look and some strategies to take. As designed the performance
comes close to that required by PassivHaus. It is a tough building type because the surface
area to volume ratio is not optimal and the floor area is small.

Figure 1 is an outside view from the South-West showing the overhang over the large south

window and a wooden deck on the south and west. Figure 2 shows that sun penetration is
significant in the winter.

@
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Figure 1 Retreat viewed from South West Figure 2 Winter solar view from South-East

Figure 3 shows a view inside looking from the SW corner of the room towards an inside
partial height mass wall. Behind the mass wall is a kitchen and a vertical cabinet for the
heating and ventilation system.



Figure 3 Inside view (from SW corner)
The plan in Figure 4 provides many of the dimensions that you will need (there is a
difference between the architectural dimensions and the dimensions used in the PHPP
which you will need to learn about).

Figure 5 is a section (looking West) includes dimensions that will be needed for the
windows and shading.

4.96 & 4.518

0.8 x 0.8 x 2.5 (50mm walls)
_7L 048 & 0409
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| |
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—"

Deck 10 048 & 0.409

Figure 4 Plan of the retreat

As you read the PHPP Manual you may notice that some information in the drawings is not
applicable to the PHPP (e.g. the deck on the south and west sides are not part of the
thermal envelope). The constructions for the retreat come from the IBO-Passivhaus-
Bauteilkatalog (ISBN 978-3-211-29763-6 SpringerWien New York) also include information
that requires interpretation. As with all architectural drawings there will be some missing
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details so you are going to have do make some assumptions. A PassivHaus assessor might
want to know about the assumptions that you have made - so keep notes!

Before you begin, make a copy of the blank English PHPP spreadsheet that came with
your PHPP software and manual. Name it something like retreat_base case. As you
progress through each task make backup copies so that you can re-wind from disasters.
You might also take screen shots so that you can review your path through the PHPP.

~1.0

wall door  cabinet
.17 & 0,135 reveal

overhang -—__ |

0.551
0353 reveal M
— —— 1
0.22rough—] ¥

1 —'—‘[4— 'y
1 ITI 017 reveal
- (1135 reveal
1.17 reveal r 3.393
2.1
2.50
20
v T T
0.1 to earth —— i
0_542] -

East Elevation
Figure 5 Section through retreat (looking West)

Constructions for the Retreat

The specifications for the wall, roof and floor constructions are listed below in terms of the
layers (from outside to inside). In the PHPP constructions are sometimes referred to as
assemblies. The information on density and specific heat are not used directly in the PHPP
but are included in the Appendix of the IBO book. The wall and the roof make use of I-
beams which we will assume are made of technically dried spruce 25mm x 25mm and a
6mm web of OSB at 600mm spacing. The batten for the inner gyp-board layer is assumed to
be 25mm at 600mm spacing (so the percentage is the same as for the dried spruce in the I-
beams).

For this exercise lets also assume that a fictitious company named ALBA supply wooden
window frames with a U-value of 0.70 and triple glazing with a U-value of 0.7, a spacer psi
value of 0.049 an installed psi value of 0.025 and a door system with a U-value of 0.8.

In the drawing there is a rectangle in the North-east corner of the cabin which measures
800mm x 800mm. This is a thin-walled (50mm) cabinet for the heat recovery ventilator and
ducting. Lets assume the cabinet is constructed for acoustic isolation. Being adjacent to the
facade the fresh and exhaust ducts connecting the ventilator will be passing through the
facade and have short lengths. How might you use this information in the ventilation
worksheet? What is the relationship between this cabinet and the treated floor area?

In the drawing there is a partial height (2.0m) patrtition within the retreat which is a massive
stone construction that is 400mm thick. Lets assume that it rests on the flooring screed and
that there is no thermal bridge into the foundation. What information related to the mass
partition is applicable to the PHPP?



Bauphysik = Building physics

< Einheit  Géngig  Alternati
el 2 Unit Usual Alternati
= : 6 = Gesamtdicke = Total thickness feml 58 38
‘Warmedurchgangskoeffizient =
7 Thermal transmission coefficient WG] 0,15 0,15

Bewerteter Standard-Trittschallpege! Ly, =
Standard imoact sound insulation

level rating Lepy [d8] 36 a1
Feuchtatechnische Sicherheit =
MWinisture safaty Tkg/m'al (1] 0/t
Wirksame Wirmespeicherkapazitat «
Effective heat capacily [kIm K} 98 a7
unten
Lty
[em] Gingiger Aufbau von oben nach unten [em]  Alternativer Aufbau von oben nach unten
Usual construction from above to below Alternative construction from above to below
“uBibodenbelag® « Flooring layer” 1 Fulibodenbelag® « Flooring
2 S Zementestrich = Cement screed - 2 5
3 PE-Folie, Stafls dbeslappt « PE _t:ui'. u\re'lépu ng jeinis - 3 =
a 3 Mineralwolle-Trittschallddmmplatte « Mineral weal impact scund 4 3 Holzfaser ﬂtbcr‘allrhl'rl'l'[ﬂd te = Woed fiberboard impact sownd
insulation panels insulation panel
S 20 Stahlbeton = Reinforced c 5 20  Stahlbeton « Reinforced concrete
5 - PE-Falie, 2 Lg. = PE fi 3] i FE-Trennlage, einlagig = PE separating layer, 1-layer
T4 = in pofymar bitumen EET Schaumglasplatten kaschiert = Lamin, med glass pangls
8 1 Q. =2 |ﬂft‘fpr‘ ymer bitumen 8 1 Polymer-Biturmen, 2 Lg. = 2-layer polymer bitumen
g H rkeitsschicht « Lean mortar/clean layer 9 5 Magerbeton/Sauberkeitsschicht « Lean monariclean layer
10 ' 10 - Baupapier = By o
11 =15 Rolierung ‘Dmntchmﬂ Setting Iay\e (drainage layar) 11 =15 Relierung (Drdrschicht) = Setting layer {drainage layen
12 BP-Eiltendies = PP filter fleece 12 - EP-Filtervlies = P filter fleece
13 Erdreich » Subsol 13 2 Erdreich « Subsail
* Fir die Berechnung wurde Fertgparkett venwender * Calculztions pased or the use of ready-te-inssall parguet
Figure 6: Details of foundation: EFu_01 (outside to inside)
Thi ck | Conduc- | Density| Specific | Description
(m) |t|V|ty| | heat |
10.0 0.850  2400. 1000. bi t umen conposit
240.0 0. 045 105. 1000. foamed gl ass 105kg
200.0 1.400 2100. 653. heavy m x concrete
30.0 0. 050 250. 2000. Por ous wood fi berboard 250kg
50.0 0.410 1200. 840. concrete screed
12.0 0. 170 2000. 740. parquet : Parquet (ready to install) fromIBO

The interior heat transfer coefficient would be 0.17 (floor orientation) but because it is in
contact with the ground the exterior heat transfer coefficient would be zero. The PHPP
should report a U-value of 0.155 for this construction.



Doppel-T-Trager-AuBBenwand, hinterliftet

T

Bauphysik = Building physics

‘\_\ Einheit Gingig  Alternativ
? Unit Usual Alternative

" Gesamtdicke = Tatal thickness lem] 49 a8
[ : Warmedurchgangskoeffizient «
b4 | Thermal transmission coefficient [WimeK)] 0,12 0,12
i 4 - | Bewertetes Schalldammmab Ry, =
— Rated sourd-insufation value R, [de] 50 50
l 51l Feuchtetechnische Sicherheit =
{ Maisture safety [kadmia] 0,003/0,003 L
i 11 I .l imnar Wirksame Warmespeicherkapazitat »
icide 0 e Effactive heat capacity [RI{m k)] 24 M
[em] Gangiger Aufbau von auflen nach innen [em] aAlternativer Aufbau von aullen nach innen
Usual construction from outside to inside Alternative construction from outside to inside
1 2.5  Holzschalung »Wood shuttaring 1 2,5  Holzschalung = Wood shuttering
2 Hint fosenwrechten Holzlatten® » Rear wentilation bet, upright & 5} Herteraft . senkrechten Halzlatten® » Raar ventilation bet, upd
wood lathes*

MIF panel
en verlicalen Doppel-T-Trigerr = Minera 4 30 chen vertikalen Doppel-T-Tragern = Cellulose bat. vert
tle T-beams

Dampfbremse » Chipboard with interiorla- 3 1,8

antalen Latten {Installationsebene;
athes (senices leveld

» 2-layer gypsurn plasterboard fire

Figure 7: Details of walls: AWI_06 (outside to inside)

Thi ck | Conduc- | Densi ty| Specific Description
|

(m) Jtivity | | heat
25.0 0. 140 650. 2000. weat herboard (ignored in PHPP)
50.0 ventilated air space (ignored in PHPP)
16.0 0. 080 780. 2000. MDF based on info in | BO PassivHaus

300.0 0. 040 35. 1900. celulose fiber flakes and |-beam (see bel ow)
18.0 0.130 650. 1700. ©OSB wood
50.0 0. 040 30. 1500. | ambswool felt insulation (4.2% wood batten)
25.0 0. 190 950. 840. white gypboard

Because there is a ventilated rain-screen in this construction we ignore the weatherboard
and the air gap and set both the inside and outside heat transfer coefficient to 0.13. The
PHPP should report a U-value of 0.107 for this construction.

Note the 300mm insulation with the I-beam should be treated as several layers within the
construction definition. The I-bean is assumed to be at 600mm centres. Each layer is a mix
of wood or OSB and cellulose. The outside and inside layers includes 25mm thickness of
wood and the rest is cellulose. This gives a percentage of wood of (4.2%). The centre
insulation layer is composed of cellulose and OSB (1%). In the PHPP entry we combine the
two layers with 4.2% wood into a single 50mm layer and use a 250mm layer for the 1%
wood portion. The lambswool felt insulation layer also has a batten which we will assume
has 4.2% wood. Only 8 layers can be input without modifying the worksheet (lets avoid such
risks).

Note that identical layers e.g. the inner and outer solid wood portions of an | beam can be
lumped together. This can sometimes be used to save layers!



Doppel-T-Trager-Flachdach

Bauphysik = Building physics

b 5a e W e T P T i T T T P P T T T Einheit Gangig Alternative
Unit Usual Alternative

Gesamtdicke » Total thickness [em] 57 56
Wirmedurchgangskoeffizient »
Thermal transmission coefficient [Wiim'K)] 0,10 0,10
Bewertetes SchalldimmmaB R, «
Rated sound insulation vaiue R, a8} 55 56
Feuchtetechnische Sicherheit »
Moisture safaty {kg/ima) 0,002/0,002 (1]
Wirksame Wirmespeicherkaparitit =
Effective heat capacity Tei{m?kd] 28 37

sicke

lem]  Gangiger Autbau von auBen nach innen [cm]  Alternativer Aufbau von auBen nach innen

Usual construction from outside to inside

Alternative construction from outside to inside

Kips 16/ sravel 16/32
Filte

tween [athes

usglichsschicht 4 1 PE-Aicdichturig und PP-Schutzviies « PE-sealing and PP protecive flee

19 2 La. it Damploruck
AITY WADOr Pressuse con ation lay 18 £ E
dear | . mpensation layer 5 8  DSB-Platte = 058 panel
30 Zelluloseflocken 2w. Doppel-T-Trdgern » Cellulose flakes bet. double
...... i [ L e1. doubl
- ! T8 O5E-Platte » 052 panel
8
8 PE-Dampfbremse, selbstklenand » Self-adhasive Ff vapor barnsr

Figure 8: Details of roof construction: DAI_05

Thi ck | Conduc- | Density| Specific Description
I

(m) Jtivity | | heat
60.0 0. 360 1840. 840. gravel : G avel
80.0 0.040 38. 1450. XPS CO2 foaned : XPS extruded pol ystyrene

3.0 0. 060 1090. 1000. bi tumren paper : (ignored in PHPP)

18.0 0.130 650. 1700. 0SB wood

300.0 0. 040 35. 1900. cellulose fiber flakes (layers as in AW _06)
18.0 0.130 650. 1700. 0SB wood
50.0 0. 040 30. 1500. | anbswool felt insulation (with 4.2% batten)
25.0 0. 190 950. 840. Wi te painted Gypboard

The heat transfer coefficients are 0.1 for the inside and 0.04 for the outside. There are mixed

layers (insulation and | beam sections) so follow the pattern established in the wall
construction. Because there are only two column percentages we can use for the mixed

layers we have to assume that the batten in the lambswool felt layer is the same as in the

cellulose layer. The PHPP reports a U-value of 0.088 - 0.090 for this construction.

Door: assume that the door is 0.8m wide and 2.1m height and that the U-value of the door
is 0.8. Look at the areas worksheet for the door data cells. And what else are you supposed

to do with the area of the door? Is shading an issue with doors? Are there reveals with
doors?



The PHPP Worksheets

Give your self time to read through the PHPP manual. Next look at the drawings and
specifications and write down information for later use in the PHPP. It will take a few
iterations of scanning the manual to locate the appropriate sections of the PHPP. OK, open
up your retreat_base_case.xls file!

Read the following section before you enter your details. There are several paths through
the PHPP. We suggest you start with the Verification worksheet and progress to the U-
Value worksheet and then to the U-List worksheet and then to the Wi-Type worksheet and
then the Areas worksheet. This sequence allows you to have full access to the pull-down
selection lists of your constructions and windows. Once you get used to the process you can
fine tune this for your style of working.

The verification worksheet (Figure 9) includes high level data such as the enclosed volume,
number of occupants, internal heat gains and desired inside temperature. There is a small
space at the top of the verification sheet for images of your project. You will need to remove
the security lock on the workshop page to insert images. This page would also be a good
place to insert documentation about the approach you are taking and the assumptions that
you are making (making life easier for the assessor of the PHPP can save time).

For the purposes of this exercise lets assume that there are 1.5 people, on average, in the
retreat. If you set the verification worksheet planned number of occupants to design (rather
than verification) the 1.5 people is rounded up to two people (see Figure 10).

Passive House Verification

e o #
—————

.J‘“‘ 15 10.50. Buidng: (Cabin in the woods near Mancheater
Locaton and Cimate: hester, UK istandard Germany
Swo:  (Hone
Hone
Couy:  {England
SukdngType:  [Writers retreat
fame Ownasis)! Clenisk
Stmoat:
Achitoct:  [Jon Hand
Simat:
Glaagow Calculation Electricity / Infernal Heat Gains
Mecharical System: | SYSIRN ga— ;;
[
£ Iniernal Heat Gains
Vo of Consinucion: 2010 e | Diieing [
............................................. £ L
Nemiar of Dweling Linis: 1 Imtesior Tempamrum: € TR r— [
: = L4
Enciosad Vakima Vs 50.0 o inemal Hoat Gins: -
= e Mo cesiiees i )

Z Yo =

Qe e e —— ] 1

Figure 9: Verification worksheet



Figure 10 is a detail of the lower right portion of Figure 9 which further specifies the
building type, the Utilization pattern, Type of Values Used and which method to use
for the calculations. As you progress you will see the space heating demand cells
will begin to be populated with interim results.

For this example select the monthly calculation method and find the UK Manchester climate
location in the Climate Data worksheet. This location is not immediately obvious, first select
regional data and then northern Europe and then the Manchester climate from the list.

Calculation Electricity / Internal Heat Gains

Buing Tyoe: | Residential ey

Internal Heat Gains

Usierion Patiom: | Dwelling | :

TypeofVaues Used: | PHPP Calculation Residential | :]

Fiin in [HG wodcshoo!

Planned Number of Occupants:

= 2 ¥ Design =y

2 Verification: Monthiy Method =
Specfic Soace Hext Demand, Aamuai Method 222
Spocfic Spaca Heat Demand, Moy Mohod 232

Figure 10: Verification worksheet detalil

U-Values worksheet

The thermal envelope has thermophysical properties defining these will be the topic of this
section.

The U-Value worksheet is going to be based on a collection of details from the IBO Passive
House book of construction details. Figures 6-8 have been extracted from the IBO book for
reference. One challenge is that the IBO book was written as a general reference and the
figures and details require interpretation for application within PassivHaus projects.

For example the AWI_06 wall construction in the IBO book (Figure 7) does not fully describe
the wooden I-beam or the batten near the inside of the wall. For purposes of this exercise
the web of the I-beam is 6mm MDF and the wood sections can be considered as 25mm
square and I-beams are used at 600mm centres. The I-beam also has a ventilated
weatherscreen and if you look at page 53 of the PHPP manual you will find rules needed to
translate this detail.

For this retreat you will need to define constructions for the walls, foundation and the roof.

Using the rules on page 53 enter these constructions and then compare with the figures on
the next page.
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Wedge Shaped Building Element Layers and

Building:iCabin in the woods near Manchester i Still Air Spaces-> Secondary Calculation to the Right
H 1 gEru_Ul (£loor)
Aszrminly Na. Buldng Assambly Dascmpton
Haxt Tansfer Rosstance Y] mesor R AT
momr R 0.00
MAma Socion 1 Rl fana Secton 2 jomdiona kpatl A Seclon 3 jomsona) Rpnai) Thickness [mm]
1, ibitumen 0.850 10
a ifcamed glass 0.045 240
4 iheavy concrete 1.400 200
4 ifibrebecard accustic 0.050 30
5 ijconcrete acreed 0.410 50
5. iparquet 0.170 12
T
a.
Pemoniage of Sex. 3 Toial
| 542 e
U-Value: '-'A“_"r‘.(:
Wedge Shaped Building Element Layars and
Building:]Retreat in the woods Still Air Spaces -> Secondary Calculation to the Right
il IAWI_06 (wall)

Wezarily U Blidng Assarhiy Sasmion

Haat Trnsfor Ressianca [mMAW]  indoior R, - AT
adeiorf,:  0.13
Total Widh
Moy Socdion | Rl Amn Section 3 jomiona) Rl Amn Secdion 3 jomiond) R Tricknass fmm]

1. iMDf 3 0.080 16
g icellulose 4 0.040 iwood 0.130 50
9. icellulose 4 0.040 Q5B 0.170 250
4./0SB § 0.130 18
5. lambawool 0.040 iwood 0.130 50
§.igypboard 0.180 25
7.

B.

Poraniage of Soc. 3 Tl
fotlow [ 4009 =

Figure 11: U-value worksheets for floor and wall constructions

The treatment of layers which include both insulation and framing or battens is a key skill
and the facilities of the PHPP will be tested when attempting to enter the layers of the roof
based on the information in Figure 8. If we want to stay within the bounds of the existing
cells we are limited to 8 layers and there are only two percentages for alternative materials
e.g. the battens and I-beam. Compare your solution to this with Figure 12 on the next page.
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H 2 iDAI 0 (roof)
Hezambly Wa Bling Areamil Hacciion

Hoat Tansfer Reseionce [m3W]  miosor

eociariar

Tatal Width

Mo Socton 1 R Moo Soction 2 japfonal) R Aana Soction 3 japfonal) R Thicknass [mm]

1.igravel 0.360 &0
5 i¥PS 2 0.040 80
5.i08b 3 0.130 18
4 icellulose 0.040 iwood 0.130 50
5 icellulose 0.040 0SB 0.1%0 250
g.iosb 5 0.130 18
7.ilambawool & 0.040 iwood 0.130 50
g.igypboard 0.1%0 25
Codzw | T [ 554 =

U-Value: 0.089 W)

Figure 12: Roof construction

After you have completed the individual entries to the U-values worksheet select the U-list
worksheet where you will find a summary of what is available for use within the project. And
if you think you will be wanting to try alternatives you could add in additional constructions
for reference later in the project.

bl

Passive House Planning

Compilrion of e buiding diemems calbuiviod in dhe Uvbiues wodeshes! and adhar constuciion $ypoes fom daishases,
Type
Assomib Total

Nh; Aszemily Descriplion Thicknoss Ualue
m W)

1 Efu 01 (floor) 0.542 0.15

2 AWLI 06 (wall) 0.4089 0.11

3 :DAI 05 (flat roof) 0.551 0.0%

4

5

Figure 13: U-list worksheet

Areas Worksheet

For the Areas worksheet your task is to apply the rules for building dimensions and treated
floor area to the drawings and enter the required cells. Note the user subtraction cell at (O
32). What items inside the cabin need to be excluded from the calculation of treated floor
area? For this exercise we do not include the floor area at the south window recess.

In the PHPP manual you will find that there are several definitions of volumes in the PHPP
(pages 83, 97). This cabin has a flat ceiling, but with a sloped ceiling there are some volume
calculations that still use 2.5m heights (a ritual within the PHPP) for air changes per hour
ventilation calculations.

The List of Areas is where you will be transcribing your calculated areas into the Area
Group Designations. For this retreat there is essentially a one-to-one mapping between the
facade and the group designations. Imagine though, if the project was a large villa - the
details for lots and lots of rooms are going to have to be distilled into these designations -
keeping careful notes is going to be critical to retain your sanity and ensure that if the
assessor asks you questions about your submitted PHPP you can provide the relevant
information.

The Temperature Zones fields use A, B, P and X of the upper portion of Figure 14 represent
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boundary conditions. For this project there are no X entries. And for this exercise we will be
using what are termed certified PH details and junctions in the retreat so we will not be filling
in thermal bridge information (we will add them in the workshop). The lower part of Figure
14 includes some pre-defined entries e.g. South Windows and External Doors which are
associated with a group number. It also has space for user defined building elements that
will make up the thermal envelope of the retreat. Each entry has a name (short and clear) a
group number which expands to an ‘assigned to group'. To the right of this is a quantity
column (we only need one of each entity in this small retreat) and its dimensions.

There are rules for dimensions (e.g. omitting ventilated air gaps in weather screens) so
double check this. What you see on the drawing might not be what is expected in the PHPP.

BuidngiCabin in the woods near Manchester Haat Do
5
Grup L AmaGmRup Tamp Ama Unt | Commer
i Troated Floor Arca Q.00 m |Langas
3 Horth Windows A Q.00 m
q East Windows A [T m
il South Windoes A Lillii] m
5 ‘Wost Windows A (X m
] Horizontal Windowes A Q.00 m
7 Exciorior Door A Q.00 m* |Plooseo s
a Exclerior Wall - Armbient: A 0.00 | Window
g Exclorior Wall - Ground B Lillii] m* | Tempan
10 Roof Coiling - Amibicnt A (X m* | mpam
1 Floor Slab B [T m
12 Q.00 m* | mpam
i3 .00 m* | Bmpam
14 X Lillii] m* | ampam
15 | Thormal Bridges Ammbicnt A Q.00 m |Lkisne
18 Porimoior Thermal Bridgos P Q.00 m |Lnisne
17  |Thormal Bridges Floor Slab B [T m |Lnisne
40 [Partition Wall io Neighbour [ [T m?  [No haat
Total Thermal Emeclops Q.00 m
Al
Amalr [Bauliding Elerrant Desofplion Emup e Agsigned o Group "y
Treated Roor Ama 1 Trmated Foor Ama
Narh Windows 2 Sarh Windoss
East Windows E] Easi Windows
Sawh Windows 4 Sowrh Windows |
‘Wzt Windows 5 |Wesi Windows
Haomarial Windoss [ Homramial Windows
Exciorior Doar 7 Excivior Doar

L0 Sl RN A Y

Figure 14: Initial state of the Areas worksheet.
Fill in as much as possible before you look at Figure 15 on the next page.

Review your input and see if the User Subtraction makes sense. Notice that each of the
facade walls is part of the same group (8). Groups are a way to assign boundary conditions.
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Area Input

Area Nr. Bullding Element Description G:’u Assigned to Group Quan- | [ a x b + |Wser-Deter- | _ Ut::;‘tls::
s tity [m] [m] mined [m®] [m]
Treated FloorAma 1 Treated FloorArea 1 x { 4.000 X 5.000 + - 1.55
Morth Windows 2 Morth Windows
East Windows 3 East Windows
South Windows 4 [South Windows Please complete in Windows worksheet onl
West Windows 5 West Windows
Horizontal Windows B Horizontal Windows
Exterior Door 7 Extariar Door 1 % { 0.80 x 2.10 + - i-
1 South Wall 8 |Exlerior Wall -Ambient 1= 4.96 x 3.65 + - I-
2 East Wall | Exterior Wall - Ambient 1 x| 5.96 x 3.65 + - -
3 North Wall | Exterior Wall - Ambient 1 x( 4.98 x 3.65 + - i-
4 Weat Wall 8 Exterior Wall - Ambient i x| 5.96 x 3.65 + - 1.90 1-
5 Roof ia Roof/Ceiling -Ambient 1 x{ 4.96 x 5.96 + - -
4] Foor alab 11 Floor Slab 1 ®{ 4.98 x 5.96 + - i-
T *{ x + - 1-
Figure 15: Areas worksheet with user defined entities
WinType worksheet

Window frames: lets assume that the window frames are 135mm wide on the left and right
and head and 150mm wide at the sill. Lets also assume that the frame is ~100mm deep and
that the frame has a U-value of 0.70, the spacer associated with the glass has a linear
transmittance of 0.049 and the so-called installation psi value is 0.025 (supplied by the
manufacturer as part of their documentation).

We need to consider where to place the windows within the depth of our wall. If we place
them flush with the inside face of the wall the reveal is rather deep and less sunlight will
enter the room. If we place the frame at the outside face the installed psi value will be
higher (the outside insulation cannot wrap around the frame). Lets use a compromise
position and set the face of the glass back 175mm from the outer face of the wall.

Window glass: lets assume that Alba are supplying a triple glazing product which has a g-
value of 0.5 and a U-value of 0.7.

Passive House Planning
GLAZING ACCORDING TO CERTIFICAT

for fame types, go lamow: 71

Type
“";"‘_"“" Glazing gValun U, Malue
AR
1 Alba tripple prototype 0.500 0.700
2
]

FRAME TYPE ACCORDING TO CERTIFICATION

far glazings, go to row: 2

Thermal Thermal
Type U-Value Frame Dimensions Brid, Brid
Frame Frame Width - Left | Width - Right Width - Width - | - | -
Below Above
Wi K m m m m Wi{mK) WimK)
Alba super frame 0.70 0.135 0.135 0.150 0.135 0.049 0.025

Figure 16: Details of glazing and frames from WinType worksheet
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Windows worksheet

Read the windows worksheet (a few times). There are many concepts related to the overall
opening, the frame and the glass. Have a look at a worked example PHPP for a useful
window (and door) descriptions. For this exercise we assume that there is a company call
Alba which is introducing a new glazing and framing system to the UK market and we want
to test its use in the retreat.

REDUCTION FACTOR SOLAR RADIATION,

aJidng:ECah‘_n in the woods near Manchester

Climarier: GB Manchester
Window Arca Global Radiafion ) NmPorn_nmim Glazing Reduction Factor Window Window Glazing Awerage
Oricniation {Cartinal Points) | S1oing Dirt “’n ""i ot | pefion TraE Frtc:dis;;::; :‘ Area U-Value Area HG"‘“'E.
—m— S T = = W = ]
MNorth a0 0.75 [EH 2485 0.000 0.00 o.o00 0.00 0.00 0.0 BO
East 180 0.75 485 2485 0.000 0.00 o.o00 0.00 0.00 0.0 180
South 367 0.75 095 285 0.000 0.00 o.o00 0.00 0.00 0.0 387
West 181 0.75 095 085 0.000 0.00 o.00 0.00 0.00 0.0 181
Harizontal 271 0.75 095 005 0.000 0.00 0.00 0.00 0.00 0.0 271
il ar Ao o for Al Windaws. 0.00 0.00 0.00 0.00 0.0
Wln:lcrw.Rnugh Installed Glazing Frame g-Value U-Value
Openings
. o ) ) i i
G- Description Dervintion rom Iulm{mm Oriantation Width Hoight  [MAreainthe Armas) &Tmﬁ‘%—umm Mr. &Tm“mm Mr. m Clazing Frames  |W
ity Warth the Horizontal warkzhact warkshoat ‘warkshoot Radiafion
o o ™ ™ Sooc Sdoc Soec W] W]
L1l o | C— 1 [sl0o | —1 o
| e 1) I s 1 13 N O — a
s W = [ s ) [ — | a
e 3 (N s (63 e O )

Figure 17: Initial windows worksheet (left and right portions).

On the windows work sheet you will be entering the rough opening areas as found in the
drawings as well as the orientation of the window (north is zero, east is 90 degrees etc.) and
the surface that it is placed into (assuming that you first entered the walls/roofffloor into the
areas worksheet). Good names for entities makes them easy to select and reduces errors.

Essentially, you will be filling in information on several of worksheets which causes other
fields to be calculated. Until you have finished the PHPP is working with an incomplete set of
information. If you look at the verification worksheet part way through the process you might
find that the heating demands are high (because you have not defined your windows) or
there is an overheating problem because you have yet to fill in the shading worksheet.

Again, get as far as you can before you turn to the next page and look at the data within
Figure 18.
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Window Rough

Installed Glazing Frame g-Value
Openings
a Deviation f IATPIBt.M in Area in the Select glazing Select window Perpen-
;f‘"" Description "";':;' T ';': '""tr':" Orientation Width Height Areas Nr. |from the WinType| Nr. |from the WinType | Nr. |  dicular
ity " Hro_m worksheet worksheet worksheet Radiation
orizontal
Degrees Degrees m m Select: Select: =
1 :South window 180 a0 South 2.000 2.100 1 [Alba staw (4] 1 0.50
i Herth window [i ET)] North 1,000 PG 3 Aba stav | =] L [T
[] IE
g-Value U-Value Window Frame Dimensions Installation
i i F;?;Ef';: S Frames | Width- | Width- | Width- | Width- | Left | Right | Sill Head
iy g Left Right Below Above 1/ 1/0 10 1/
Radiation
- Wim*K) Wi m K m m m m
&1 0.50 0.70 0.59 0.14 0.14 0.15 0.14 1 1 1 1
LA 0.50 0.70 0.59 0.14 0.14 0.15 0.14 1 1 1 1
e 0
L
=
- L]
n w-Value Results
Glazed
| Head w W, Window Glazing U-Value Fraction
] 170 B i Area Area Window per
Window
Wi K) WilmK) m* m Wi m K %
1 0.049 0.025 4.2 314 0.83 0.75
1 0.049 0.025 1.0 0.52 0.94 0.52

Figure 18: Windows worksheet (left middle right portions)

Did you need to go back to your drawings and find particular dimensions? The Installation
cells were straightforward for the retreat, but it can bend your mind if you have complex
frames or multiple glazings within one rough opening.

Filling in the window worksheet will have had an impact on other worksheets in the PHPP.
Look back at the areas worksheet. What do you naotice has changed?

Salection of the U-Value
User Sub- Subtraction Corresponding Bullding Nr.
M1 o | traction | - |Window Areas | )= b Element Assembly WHmK))
o [m] (] ('}
- 1.46 )= 18.5
1.0 From Windows sheet 0.942
0.0 From Windows sheat 0.000
vorksheet only! 4.2 From Windaws sheet 0.832
0.0 From Windows sheet a.000
0.0 From Windows sheet a.000
- 1- = 1.7 U-Value Exteriar Doar 0.80
- |- 1.0 = 16.6 AWL_0B (wall) 211 0.109
- I 0.0 = 212 AWL_06 (wall) NE 0.108
~ |- 4.2 = 13.4 AWLOB (wall) HE 0.109
| 1.t |- 0.0 = 19.5 AWL_0E (wal) 1 0.109
- I - o.0 = 28.0 DAl D (rocf) 212 0.089
- I- 0.0 = 28.0 ESU_01 (ficer) | 3 0.155
- i- 0.0 = : o
. A oA - . n

Figure 19: Areas sheet detail after work in windows worksheet.
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Shading worksheet

Scan the shading section of the PHPP manual (page 76) and the worksheet. There is one
overhang in the retreat. What else is there that needs to be taken into account? The term
reveal in the PHPP is used for the vertical sides of the wall adjacent to the window. One
dimension is from the face of the glass to the face of the wall. The other dimension is from
the edge of the glass to the edge of the facade that potentially shades the glass. Building
components which are horizontal and which can shade the glass are termed overhangs.
Thus the reveal at the head of the window opening is considered an overhang. How many
overhangs are there? If you think there is only one think again.

Take your time with the dimensions needed for this worksheet. Look at the drawings to
locate the overhang in relationship to the south window glass and the reveal at the head of
the south window. Notice that the glass is set into the facade and the sun entering the room
will be further reduced by the reveals. But is it the overhang or the head reveal that is most
likely to shade the glass?

The face of wall to face of glass (reveal distance) is 170mm and the edge of glass to the
shading edge of the reveal on the left and right and head is 135mm. The north window
reveal at the head of the window needs to be entered as an overhang - did you spot that?
The sun rarely sees the north facade but the reveal does reduce the diffuse light reaching
the glass.

And you will need to transform the architectural dimension of the overhang (1.0m from the
face of the wall). The distance from the face of the glass needs to be added and so this
becomes 1.170m. The distance from the edge of glass to the overhang we will use the
220mm (above rough opening) + 135mm (width of the frame).

Passive House Planr
CALCULATING SHADING

Climate:}GB - Manchester

Building:Retreat in the woods Orien-tation| Glazing Area I
Latitude: 53.5 m*
North 0.52
East 0.00
South 314
West 0.00
Horizontal 0.00
Quantity Description Dev i;ﬁ:{:"mm Inclineo fomm Orientati Glazing Width |Glazing Height| Glazing Area S:::lPM g;m’ " F:;."i;“"m Wi"dg':;:“" Di
o the Horizontal ing Ubjec istance
Degreas Dagrees m m m m m
Ws hg As Pin Ao Orsem
1 South windw 180 30 South 1.73 1.82 3.1 0.17
1 North window 1] 90 North 0.73 .72 0.5 0.17

Distance from Upper Additional

| Window Reveal |Distance from Glazing Overhang Horizontal Shading Reveal Shading Overhang Shading Total Shading

Glazing Edge to Shading B [ " "
Depth Edge to Reveal Depth Overhang Reduction Factor Factor Factor Reduction Factor Reduction Factor
m m m m % % % % %
Oreeal Grnes O Ao P omner fu fa fo s
0.17 0.135 1.17 0.22 100% 97% 90% B7%
0.17 0.135 0.17 0.14 100% 90% 90% 82%

Figure 20: Shading worksheet (left and right portions)

The new information in the shading worksheet will have an impact on other worksheets.
Which ones? On the following page some of the dependencies are shown.
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Passive House Planning

REDUCTION FACTOR SOLAR RADIATION, WINDOW U-VALUE

Buidng{ Retreat in the woods Aevwsai Hot Derarnd: Heating Dagreiours:
Climatn: @8 - Manchester s
" [Reduction Factor Heat Gains
Window Area | Clcbal Radifion ) e Glazing Window Window Glazing || Average Transmission
choet A A Shadi Dirt lar Incidont : -Value for Solar Glabal Solar
Orioniafion | {Cardinal Pinis)] g i Fracfion o e Area U-Value Area ~55 Losses Radlation
TG T ars [ [ ar ) ar W) E0E) e
North ED [ES 085 0522 0.50 0.34 1.00 0.94 0.5 80 &4 14
East 180 a5 085 0.000 0.00 0.00 0.00 0.00 0.0 180 0 0
South 367 LES 085 0.748 0.50 0.52 4.20 0.83 34 367 239 A04
West 181 LES 085 0.000 0.00 0.00 0.00 0.00 0.0 181 0 0
Horizontal 271 0.75 085 085 0.000 0.00 0.00 0.00 0.00 oo m 0 0
| ovcmage Vil or Al Weviowe. 0.50 048 5.20 0.85 37 303 [

Figure 21: Windows sheet after shading details added.
Ventilation worksheet

Now it is time to check-out the ventilation worksheet (PHPP manual page 81). You will find
that a number of cells have already been filled in. The default supply air is going to be 30
cubic metres per hour per person and thus 45 is the supply air requirement for 1.5 people.
You need an extract volume and in the PHPP this is usually assigned to rooms such as
kitchen, bathroom or WC.

For this exercise create a new category of room with a flow rate of 45 so there is no
imbalance in the supply and extract. In the section on Daily Operation Duration below notice
that the standard rate is used for 20 hours a day and the basic rate is used for 4 hours a day
to reflect periods when the retreat is not occupied. Why bother? Well air flow costs in terms
of heat loss and running costs.

VENTILATION DATA

Building: iCabin in the woods near Manchester

Treated FloorArea A, me 3B {fimas watkshoat]

Room Height h m 2.5 {Annual Hoat Domand workshoot)
Room Ventilation Volume {A="h)= V. m? 46 {Annual Haat Domand warkshoat}

Ventilation System Design - Standard Operation

- e e
MNumber of Oceupants P 1.5

Supply Air per Person m¥{P*h) 30

Supply Air Requiremant m¥h 45

Extract Air Roams Kitchen Bathroom Shower wC Other
CQuantity 1
Extract Air Requirement per Room m¥h 60 40 20 20 45
Tolal Extract Air Requirement m¥h 45

Design Air Flow Rate (Maximum)

Average Air Change Rate Calculation

Daily Operation Factors Referenced to AirFlow Rate Air Change Rate
Duration Maximum
Type of Operation hid L oot 1 SRR
Maximum 1.00 45 0.98
Standard 20.0 Q.77 35 0.75
Basic 4.0 0.54 24 0.53
Minimum 0.40 18 0.39

Avarage Air Flow Hats [m?h) Average Air Change Raie (1/h)
- or |

Figure 22: Ventilation worksheet (upper portion)

:Residential Building

In the middle of the ventilation worksheet (Figure 23) is a section for EN 13790 infiltration.
This is described on page 85 of the PHPP handbook. Lets assume that the site is slightly
sheltered. Because we do not yet have a pressure test for the building do not fill in the cells
related to pressure testing. The 0.7 value entered into the Wind Pressure Coefficient cell
was taken from the table above it on the worksheet.
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Infiltration Air Change Rate according to EN 13730

Wind Protection Coefficients According to EN 13790
Several One
Coefficient e for Screening Class Sides Side
Exposed Exposed
Mo Screening | 0.10 0.03
Moderate Screbning 0.07 0.02
High Screening 0.04 0.01
Coefficient f 15 20
dar Annual Domand: Sor Hoot Laad:
‘Wind Protection Coefficient, e 0.07 0.18
I, .
Wind Protection Coefficient, f 15 15 et ko for e,
Air Change Rate at Press. Test nsy 1/ 0.00
Type of Ventilation Systam
lanced PH Ventilation Plansa Chack Sor Aewrnual Domand: Sor Hesat Load:
re Extract Air
Excess Extract Air 1! ] b 0.aa
Infiltration Air Change Rate M 1 | |

=1

Figure 23: Ventilation worksheet (centre portion)

In the lower portion of the ventilation worksheet are cells describing how the heat recovery
ventilation system works. Select one of the available units that has an efficiency greater

than 80%.

Efiective Hoat Recowery Efficiency of the Vientilafion Sysiem with Hoat Recowery

¥ :Cormml uni wihin fha Shoemal emealops.

Cormiml unit auwiside of tha Thammal ormedlope.

| [£]

{Emar anly T $ho comal unt & ouisido of the thoemal ermvalope. )

Efcioncy of Hoxt Rocavery T 0.78 | i 100 OC - Paul

Tensmisianca Menbeoed A Duct v Wil 0.000 Calourion oo Sscandary Caloulrion
ILangsh Ao A Duc m

Teanzmiiancs Exhous? A Duct W Wl 0.000 Calouirion oo Sacandary Caloukrion
Langdh Exhaust Ar Duct m Roam Tempamium ["C)
Tamporarium of Mechanical Sorvicas Roam "

Mo Armibiert Temg. Haadng P 0
A, Ground Tamp 5}

Effociva Hoat Rocowory Eficionoy T T’Q_D%
Efieciive Heat Recowory Efficiency Subsoil Heat Exchangor
SHX Eficiancy LT
Hoat Rocowry Eficioncy S5HX M
CERTIFIED HEAT RECOVERY UNITS
Mo Rooowory Efick Electric Efficiency
% Whin?
1 = Tgar defined =
2
3
4
5
§ iCompact Unit aa selected in Compact Workahest kgfa
T iReco-Boxx COMPCORT - AEREX B5% 0.35
B iComfoair 500 - StorkAir BE% 0.42
9 iaeronom WS 250 - MAICO 5% 0.35

Figure 24: Ventilation worksheet (lower portion)

Note that when air duct details are added the efficiency will be reduced so start with the
most efficient system. Choose the 200 DC Paul which is 92% efficient rather than the multi
100 DC unit by Paul which is only 79% efficient). You can switch components if this
efficiency is not required.

Assume 150mm supply and exhaust duct sizes and 100mm of insulation (lambda 0.16) and
a length of 0.5m for both supply and exhaust. These details are entered in a form to the right
of the HRV cells (Figure 25). This will reduce the overall efficiency of the MVHR system to
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89.1%.

Secondary Calculation:
W-value Supply or Ambient Air Duct

Mominal Width 200:imm

Insul. Thickness: 100:imm

... Reflective? Flease markwith an "x7
iYes

harmal Conductivity! G I8 WimK)
Mominal Air Flow Rate 33 m¥h
Fite) 14 K
Interior Duct Diameter 0.200 m
Interior Diameatar 0.200 m
Exterior Diameter 0.400 m
a-lnteriar 1.98 Wim2K)
a-Surface .31 WimK)
P-value D.624 Wi[mK)
Surface Temperature Dif ference 7.944 K

Figure 25: Secondary duct definitions (ventilation worksheet)

Effective Heat Recovery Efficiency of the Ventilation System with Heat Recovery

X {Central unit within the thermal envelope.
Central unit outside of the thermal envelope.
Efficiency of Heat Recovery T 0.92 |therrr'os 200 DC - Paul |E|
Transmittance Ambient Air Duct w WIHmK) 0.624 Calzulation see Secondary Calculation
Length Ambient Air Duct m 0.5
Transmittance Exhaust Air Duct w WimK) 0.624 Calculation see Secondary Calculation
Length Exhaust Air Duct m 0.5 Room Temperature (*C)
Temperature of Mechanical Serices Room *C Av. Ambient Temp. Heating P. [*C)
Entaronly if the central unit is outside of the thermal envelope.) Av. Ground Temp {*C)

Effective Heat Recovery Efficiency Tt 36.6% ‘

Figure 26: HRV performance after update
Internal heat gains worksheet

Because we are in design mode rather than verification mode we need to visit the IHG
worksheet and make sure that the green cell value is entered into the yellow cell (or we will
not get 7.32W/m2 credit for the occupants).

INTERNAL HEAT GAINS

Building:ECaD‘_n in the woods near Manchester

Utilization Pattern: | Dweing I.--:--‘ 7.35 Wirn? Caleulation Result from this Workshest 7.35 |wim®

Type ofVaIuasUsad:!‘ mv’mmremmﬂ-} Enter result from row above:! 7.35 iwim?

Figure 27: Internal heat gains worksheet

Ground worksheet

This is an optional page. Itis ok to set the ground characteristics. In the building data enter
the slab area and perimeter and the U-value. You need to check the Floor Slab Type box
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that indicates slab-on-grade. Some of the cells will remain blank on this worksheet. Some
cells will already be filled in when you go to this worksheet.

HEAT LOSSES VIA THE GROUND

Ground Cha (ac:tariatics Climate Data
Thermal Conductivity r Av. Indoor Temp. Winter T
Heat Capacity pc Av. Indoor Temp. Summer T
Periodic Penetration Depth ] Average Ground Surface Temperature Tu!x‘
Amplitude of Toae Ta
Length of the Heating Period n
Heating Degree Hours - Exterior G
Building Data Floor Slab U-Value U,
Floor Slab Area A = Thermal Bridges at Floor Slab W'l
Floor Slab Perimeter P Floor Slab U-Value incl. TB u!
Charact. Dimension of Floor Slab B' Eg. Thickness Floor d.

Floor Slab Type (select only one)

Unheated basement

Slab on Grade Suspended Floor

For Basement or Underground Fleor Slab

Basement Depth z U-Value Belowground Wall Uya

Additionally for Unheatad Basemeants Height Aboveground Wall h m

AirChange Unheated Basemant n U-Value Aboveground Wall Uy Wi mK)

Basement Volume \ U-Value Basement Floor Slab U, W mK)

For Perimeter Insulation for Slabon Grade For Suspended Floer

Perimeter Insulation Width/Depth D 0.40 m U-Value Crawl Space U Wi mK)

Perimeter Insulation Thickness d. m Height of Crawl Space Wall h m

Conductivity Perimeter Insulation i W {m K]} UValue Crawl Space Wall U, Wi {mK)

Area of Ventilation Openings P m?

Location of the Perimeter Insulation horizon Wind Velocity at 10 m Height v 4.0 m/s

{checkonly one field) vartical; x ‘Wind Shield factar o 0.05

Additional Thermal Bridge Heat Losses at Perimeter Steady-State Fraction Wt

Phase Shift p S “months Harmanic Fraction ol

Groundwater Correction

Depth of the Groundwater Table Zw Transm. Belowground El. {w/o Ground) La 4.48 WK

Groundwater Flow Rate Qw Relative Insulation Standard d/8" 4.80 -
Relative Groundwater Depth z/B" 1.11 -

Groundwater Cormection Factor G 1.0001572 - Relative Groundwater Velocity =} 0.30 -

Figure 28: Ground worksheet

Verification worksheet

Return to the verification worksheet. Make the building type is still residential and the internal
heat gains utilization pattern as dwelling and the type of values as PHPP Calculation
Residential and the planned number of occupants as 2 and the adjacent selection box as
design.

If you forgot to set your climate, the standard assumption of central Germany will result in a
heating demand over 40 kWhr/m2/a but it you selected Manchester climate the heating
prediction will be close to the requirements for PassivHaus certification (e.g. around 24
kWhr/m2/year). Given that the area/volume relationship of the retreat is not optimal and the
internal floor area is small this is a very good result!
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nandswith Reference to the Treated FloorArea
Traated FloorArea: fgm"
Monthly Method PH Certificata: Fulfilled?
Specific Space Heat Demand: 25 kWhi{m?a) 15 kWhi(ma) No
Pressurization Test Result: K 0.8 '
Specific Primary Energy Demand R
{DHW, Heating, Cooling, Ausiliary and Household Electricity]: kWhim’a) 120 Khi(m'a)
Specific Primary Energy Demand
{DHW, Heating and Auwdliary Eloctricity]: kWhi(m’a)
Specific Primary Energy Demand
Energy Conservation by Solar Electricity: ItWI'I.I'fn‘Iza}
Heating Load: 20 Wim
Frequency of Overheating: 4 % over FL] C
Specific Useful Cooling Energy Demand: KWhi[m&) 15 kWhi(na)
Cooling Load: 6 Wim?®

Figure 29: Verification worksheet

Options to explore

Options for making the retreat more efficient are up to you to explore. What happens if you
put in a better quality of glazing - say a glazing U-value of 0.5? What happens if you claim
more floor space by shrinking the internal partition footprint (there is no overheating) from
400mm to 100mm? What about the recess at the south window? What happens if you
increase the thickness of the glass foam in the foundation to 300mm (and reduce the
concrete to compensate)? Can you reduce the prediction to 16kWhr/m2/year?

Meeting the PassivHaus evaluation criteria as defined on page 23 of the PHPP manual is
possible with this cabin. Explore the PHPP and use your experience to accomplish this!

Specific Demands with Reference to the Treated FloorAma
Treated FloorAma:
Applied: Monthly Method PH Certificate: Fulfilled?
Specific Space Heat Demand: 16 kWhi(m?) 15 kWhi/(ma) No
Pressurization Test Result: h? 08 R’
Specific Primary Energy Demand &
[DHW, Heating, Coling, Auiliary and Houscheld Eleclricity]: kWhi{m’a) 120 wni(mfa)
Specific Primary Energy Demand
{DHW, Heating and Aundliary Electricity]: kWhi(m’a)
Specific Primary Energy Demand
Energy Conservation by Solar Electricity: kWh.l'fl'I‘lzil}
Heating Load: 18 Wim?*
Frequency of Overheating: 33 % over 25 L:
Specific Useful Cooling Energy Demand: kWhi{m?a) 15 KWhi(nta)
Cooling Load: 12 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 bullding. The calculations signed:
with PHPP are attached to this application.

Figure 30: Verification page after several iterations.
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