Design principles for Passive Houses|
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Site plan
Climate neutral Passive House
estate in Hannover-Kronsberg

minimize envelope area
aspect ratio should be small
AV £0,7 m¥m?

Grafik: Goretzki
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Standard Elements: Passive House
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about R-40 ... R-60

Insulated Wall Constructions;
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avoid gaps in ¥ = 0,32 W/(mK)
thermal insulation layer

W = 0,017 W/(mK)

take care about good quality on building site!

...have to be filled

av oid thermal
bridge effects
v, < 0.01 W/(mK)

O]

corner above cellar (NOT a Passive House)

minimum te mperature
with furniture: 9,4 °C

damage (mold) follows
the temperature profile

[Geyer 2003]

What is a thermal bridge? |

X 0.2 W/m between two heat flow lines ™

Q, +Q,=8,381W/m

d; =400 mm d; =200 mm
U, = 0,096 Wim?K U, = 0,184 W/m?K

Q,=2,872Wim?  Q, = 5,509 W/m? real heat flow = 8,646 W/m

the difference: with simple calculation ZU*A*Ad
the two-dimensional thermal flow effects are neglected:

¥ =0,0088 W/mK




geometrical thermal bridges

Goal: construction without thermal bridges
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¥, =-0,025 Wi(mK)| :

geometrical thermal bridges, e.g. as a wall edge,
can be controlled, because ¥, <0

use exterior dimensions! 'do not use interior dimensions!

¥, <0.01 W/(mK): Construction without thermal bridges

1. Whenever possible avoid interrupting the thermal
insulation layers

2. If breaking is not avoidable, choose material with high
thermal resistance in the plane of insulation layer:
'thermal separation’

3. Different thermal insulation layers at junctions (wall/roof
etc.) must be connected at full width

You can save hard work (thermal bridge calculation)
if and only if the basic ideas of construction without
thermal bridges are followed without compromise

standard: junction with severe thermal bridge

junctions without
thermal bridges

concrete roof with insulation layer on top
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constructive thermal bridges without thermal bridge ...
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don't do that! . :
W, >0,1 W/(mK) solution: thermal separation

severe thermal bridge Yo <0,01W/(mK)

constructive thermal bridges
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E Type single double I:\:“_:T:r Io$:l.enr
— Umu;m‘.’::r"e 5.60 2,80 1.20 0.65
et | 18°C 217c 153 °C 175 °C
i J Lt J t""‘ nge. ; - !
| § 400 ‘ losses ‘
don't do that! 5 / L Diine
conventional solution: foundation out of "é 200 [ _/ﬁ(
foundation with porous concrete 2 I :
concrete Y, <0,11 W/(mK) 3 . | i u ‘| [
Y >0,63 W/(mK) acceptable thermal bridge s net gains! | .
(s ,
severe thermal bridge e
conventional window frame
- Superinsulated
windows:

U,, not higher than
0.8 W/(m2K)

innovative products:
-improved comfort

- added value

- energy conservation
© -CO, mitigation

- job creation by small
and medium enterprises




Highly insulated window frames
U, < 0,8 W/(m?K)

thermally separated glass edge system |

~

conventional: aluminium

thermally separated: :
plastic+metal film
—0 ]

. conventional window positioning |
tempera ture stratification critical temperatures at inner surfaces t
triple glazed window, Uw = 0,85 Wi(m*K) " :;
temp. - =i ‘L = ‘|:
°c | % ma 1
| | s, = n
= 10,9 °C s
badly insulated frame :
wrong position condensing water! g
0, :
Uw pos = 1,70 Wi(mzK) [ ' :
¥ ., = 0,07 Wi(mK) 8y, = :
M ouT ds 9.4°C 3
o A 4
— Hi_:.- - I:
the optimum position of window frame is just acceptable position: |
in the insulation layer plane ... frame placed partly on brickwork
lintel L . lintel ' "L .
cowered by 4 covered by :
insulation 4 insulation :
Uw pos inwan = 0,81 wi(m2K) 2 Uy, pos = 0,85 Wi(m2K) $
¥ = 0,0024 wi(mk) (0) 2 ¥ = 0,012 wimk) (0) 3
¥ =0,033 wi(mK) (u) 0,051 wi(mk) (u)
S 5
parapet parapet
optimized | iy optimized '} py




not sufficient

... frame placed at outer edge of wall

Uw,pos inwann = 1,00 wi(mzK)

¥ = 0,04 wi(mkK) (0)
¥ = 0,19 wi(mkK) (u)

lightweight construction

i‘%l

Uy = 0,95 W/(m2K) |
¥, = 0,028 W/(mK)
'w,pos in wall

U

¥, = 0,028 W/(mK)
L o

U,, = 0,86 wi(mzK)
= 0,83 wi(m2K)

¥ = -0,007 w/(mK) (0)
Ur = 1,05 Wi(m2k) ¥ = -0,007 wi(mK) (u)

masonry wall + insulation layer

building envelope: PH standard

building envelope:

Building Code 2002




Ventilation: Supply, Transfer, Exhaust design of ground plans |

deSign of dinlng Fj‘wm bedroom 7
ground -

plans q j
kitchen | hall

short supply lines

...short supply lines?

clear functional

zone separation ...clear functional

zone separation?

living room

'_|—~. I..._ —

ground floor second floor
(= supply air
=, exhaust air

Wide casting nozzles
using the ceiling as a ,,duct”

temperature profile
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Central Ventilation Unit
Airflow between rooms

lintel




Heating with the Ventilation System
Air/Water Postheater:

... after insulation

Maximum ventilation rates
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outdoor alr temperature [*C]

air-tightness
Ns, < 0,6 ach

is a precondition for
efficient ventilation
with heat recovery

air-flow through leakages of a building

buoyancy =
WIND a2

the volume of air flow depends on weather conditions and may not be controlled

source: ebok

air-tightness is essential !

avoid gaps where goal: ns, < 0,6 ach

humid air may flow out ]

0°C: 80% rF. 360 g Wasser / Tag / m
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20°C; 50% k.

zum Vergleich: durch Dampfdiffusion
hur 1 g Wasser / Tag / m*

|a 1 mm gap is large !

air-tightness .T)
is essential !




air-tightness is essential! |

influence of air tightness on heating

energy demand and maximum heat load
30

| passive house limit [kWWh/m?2a]
2 heat-energy-demand-HAthimia
-|maximum heat load [W/m?]

©
e
=~
=35 20
- ® .
S Y 7 - l o o 8 .
EW 1 S A
e
> 10 H _ -
35 i
og |o---" H
X s =¥imit for passive h
P
ﬂm -
5 E -
2 o v

000 020 040 060 0.80 1.00 120 140 160 180 200 220 240 2.60 2.80
measured ngy-value [1/h]

air tightness is
a planning task

use the ,rule of
drawing pencil‘ to
imagine

the airtight plane

one airtight
envelope must
cover the whole
heated building
volume.

3 principles for the airtight envelope

(1):  rule of drawing pencil

(2):  design only ONE airtight layer.
Combining two leaky layers will not do!

(3): airtight layer should be placed inside
the wall; airtight materials are usually vapour retarders

[

as well

= bad quality

bad planning

Pressurisation Tests of 32 Passive Houses
0.60

Passive House Qualities — five basics

=
z

average ng = 0,29 h"'

=
-

prossurisation test result n = [h™]
£
J%EI
H—

= -
2 2

B

t E——

house (by increasing result)

T

mech. ventilation system

thermal i with heat recoveryn > 75% avoid thermal
U <0,15 Wi(m*K) outside air waste air bridge effects
U, < 0,8 Wi(m’K) — = N v, < 0.01 Wi(mK)
without th. bridges Pl sy
air tight env opq:;' =7 — ~ =y
ng, < 0,6(h =7 e + . .
exhaust air supply air =
: ! 3-pane glazings: H
! | U,y < 0,8 WimK) [
| | < g-value 50 - 55 %
[ i L : =




| building stock

Passive House
‘'without heating sy '
small (post-air) heater |
is enough: 1kW /™\ Mg

surface surface
9°C |
air
21°C -12°C
outside Temp: I
-12°C | =

~1>17°C
no extra radiator needed t

i

Strahlungs-
entzug |
B

radiator to compensate
cold temperatures

heat load >100 W/m? max. heat load only 10 W/m?

Compact Heat Pump Systems

subsol-

alr preheater G 1 &-

vl eochanger

fresh alir,
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cold water
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Compact heat pump system, The small heat pump in the
AEREX - developed by C. Drexel. AEREX - compact system.

Compact Heat Pump System-‘s‘ )

One unit:

integrated
ventilation,
heating and
domestic hot
water.

1995: concept
1997: prototype
2005: 8 systems
available on

the market

Other possible heat generators J

PHADZ £ PH-04 Passivhaus-K ompakihelzgontt

« wood pellet stoves
« condensing gas boiler
« oil boiler

« district heat with CHP
(large buildings only?)

« gas/wood / oil fired
compact units

passiv A good example of pipes and fittings - in principle
HAUS
INSTITUT G Pumps *




