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Autumn 2000: Architectual contest to the new building of t he
primary school and kindergarten in the development area
Riedberg with the requirement ,realisation as a passiveho use

building is desired".

Autumn 2001:Also a passivehouse alternative is pursued
further.

Spring 2002: passivehouse version is projected for the f Irst
time .

Spring 2003:After intensive consultation over the cos ts and
technology the final decision to implement the new building in
passivehouse guality was made

September 2003: Start of construction
1.November 2004: The school is opened
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Text for contest
Specifications for energy quality consulting
target specifications

, guidelines for economic construction® city of Frankfurt
www.stadt-frankfurt.de/energiemanagement

Maximum of Invest
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For passivehouse quality engaged, practiced architects an d
iIngenieurs should be prefered

Otherwise specific consultation is absolutly necessary (f 1. PHI)

For integrated planning all planners has to be in the team from
the beginning
extensive tuning processes are necessary, in order to av oid or
correct errors

Update of the target specifications
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Demand of heat <= 15 kWh/m 2 a
Primary energy <= 120 kWh/m 2 a
Energy for ventilation: <= 0,45 kWh/m 3
airtightness: <= n ;,<0,6/h

Therefore you need (in comparison to german low energy
standard (RAL), EnEV — 30%):

More insulation with 25-35 cm instead of 12-20 cm (wall ~ -roof)

Better windows (U , 0,8 instead of 1,1 W/m 2K)

Mechanical basic ventilation (20 m 3/passivehouse) with heat recovery >
75%

Airtight construction (as standard, but more careful exe cution)

Better economy with better A, ; g/V-value (<0,40) and to the heated
area adapted volume (gross volume/effective area < 6)

Substantially smaller heating (10W/m  2), less regulation
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The technology is complicated, an intensive training of the
users is necessary

Ventilation systems are injurious to health, need pla ce, make
noise, cost maintenance

passivehouse gquality is like buying a Mercedes Benz,
prestige, but expensive

passivehouse buildings are ugly, the requirements restr Icts
the clearance of the architect as an artist

The windows have to remain closed

The summer thermic protection is needed only because o f the
passivehouse gquality

passivehouse-school,

Dipl.Phys.., Dipl. Energiewirt Folie 9
Axel.bretzke @stadt-frankfurt.de



TR Hochbauamt
Z&E FRANKFURT AM MA”\J Frankfurt am Main

#

Srapr

In a passivehouse school the heat from 25 pupils and a te acher s
enough (1.5 kW), to keep the classroom comfortable warm during the
whole year . Therefore the heating system is intended only for heating
the school without pupils.

Requirements of the passivehouse quality demand the gualities of a
building master with creative solutions from the ar chitect

economy is provable in individual cases over a tota | cost computation
(extra invest 5-8%, Pay-back 10-30 years)

No space loss by heating element at the window, sav  ed construction
costs

The expenditure for the passivehouse insulation for school s is smaller
than for residential passivehouse buildings

Besides a passivehouse school is good-natured. Even in case of
failure of the heating over days room temperatures under 16 -18°C are

not expected

The energy costs are reduced in relation to anew a  nd existence
buildings to 1/5-1/20, heating costs are negligible
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The control is simplified, since individual room re gulation is
meaningful only for the comfort e.g. because of the small heating
costs

In summer the passivehouse school guarantees a better cli mate (less
hot) than a standard school

The passivehouse windows guarantee comfort also at the wi ndow seat
in winter

In a passivehouse school the mechanical ventilation (15- 20 m3/hP)

ensures a two-times change of air and a durably sufficie nt air quality
according to standard (<1500 ppm). At the same time the heat
recovery prevents the most of heat losses by the ventilatio n

Outside of the shorter heating time the passivehouse scho ol is vent
with the open windows .

Even in the heating time you can ventilate with the window S
additionally if necessary. The energy losses of the small heating
element at the inner wall in a passivehouse school is mu ch less then
from the large heating elements under the windows in norma I
buildings.
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User 400 primary pupils in 16 classes

100 - 125 children in the kindergarten (KT)
50 employees in school, kindergarten, administratio n

Effective area NGF

school and KT 6100 m 2, energy reference area school
and KT 5540 m2, A/V = 0,35
gymnasium 1600 m 2

Gross floor area, 8785 m?

Gross volume 40347 m3

Energy thermal heat: 15,0 kWh/m 2 a passivehouse: 15
Characteristic thermal load: 10,5 W/m 2

values tightness: n ,:0,46/h passivehouse: 0,6
passivhouse ventilation: 0,43 Wh/m 3 passivehouse: 0,45

school without
gymnasium

primary energy: 59 kWh/m ?2a passivehouse: 120
illumination classroom: 6 W/m 2 (2W/100 lux/m 2 with 300
IX)

CO,-saving against german standard for 30 years: 1000 t
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Covering radiator (gym: ceiling radiation panels) and ventil ation with
thermal load | heat recuperation without heater coils, individual room
regulation
fully automatic wood pellet boilers (2x60 kW)
Ventilation/ 3 ventilation systems for passivhouse (2x4800 m  3/h, 1x 2800
Heat m3/h)

recuperation

3 ventilation systems for cooking, dining hall, gym

All plants: cross-counter flow heat exchanger, effi ciency 80-
90% ~ 73%, efficiency calculated from PassivHouse In  stitute
(passivehousel)

flow rate controller, s.t. with CO - or mixed gas sensor

Invest

total costs: 16,7 Mio € brutto
building and technique (DIN 276: 300+400): 11,1 Mio € brutto
specific building and technique: 1110 €/m  2netto
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Invest extra invest about 5 - 8% (depends on A/V- value and

passivhouse

the comparison standard)

pay back period to low energy standard
2003: 38 years, Riedberg

2006: 16 years, Preungesheim

Pay back period to Standard (EnEV):
2006: 8 years, Preungesheim

Government aid

German federal Institution for Environment: 250 T€
(measuring concept and investment)
Federal land of Hesse: 10 T€ (pellet heating)

Participants

owner: City education office city Frankfurt
architecture: architect office 4a, Stuttgart

energetic quality assurance, energyconcept: Passiv
House-Institut, Transsolar

building service: ICZR

steering of the project/energy management:
construction department city of Frankfurt
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Bremen MolIn : L Waldshut .AUf' Dinslaken SN
Riedberg kirchen (renev.)
gross floor ~ 1000 m? 354 m2 |~ 5500 m? |~ 5800 m? |~ 3.300 m2|~1.650 m? |~3.030 m2
surface
construction brickwork |light reinforced-| reinforced- light-heavy | heavy heavy
concrete |concrete
ventilation central central ;;ﬁgral central central central 20 plants
. : ventilatio : o . concrete wall
heat delivery radiator radiator ventilation |radiator core :
n : heating
heating
Féf;f]@oo”oo) 1.202 1.677  |1.110 1.845 1.587 1.658 756
n50-Wert [1/h] |0,3 0,38 0,46 K.A. 0,09 0,38 n.n.
AV 0,48 0,47 0,35 0,29 0,4 0,34 0,65
U-value 0,11/0,13/|0,09/0,11 |0,11/0,17/|0,13/ 0,21/ 0,10/ 0,18/ 0,11/ 0,21/ |~0,20/
(D/WIB) 0,14 /0,10 0,21+ 0,19 0,15 0,12 0,17/ 0,16
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www.architekten24.de/projekt/montessorischule-aufkirchen
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Economy and ecology
Political effects

Construction and
technique
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Investment total: 16,7 Mio €
Additional costs: 894 T€, 5.3%

For passivhouse-ventilation: 270 T€ (mechanical
basic-ventilation during heating season)

Government aid: 250 T€ Deutsche Bundesstiftung
Umwelt (80 T€ for scientific evaluation)

Pay-back period to german Standard 2006: 10 years
(2003:38 years)

Heating: fully automatic woodpellet-boilers 2x60 kW,
Costs for the boilerplant about 45.000 €, aid 10 T€
country of Hesse

photovoltaic til 30 kW, external Investor rent the roof,
lease about. 3% (400 €/a)
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Component netto plan. 18% tax remark

Footing 43.900 7.900 8.300 |insulation

Outer wall 124.800 22.500| 23.600|2160 m?, insulation, statics

Windows, front 137.000 24.700| 25.900{1780 m?, passivehouse-
glasing, 75-100€/m 2

Suspended 47.700 8.600 9.000|2560 m?

seiling

Roof 148.500 26.700| 28.000|3600 m?, insualtion

Ventilation, 156.700 28.200| 29.600|3 ventilation plants, less

Heating heating and Central
building control

Total 658600 118.600( 124.400|ab. 900.000 €

Part 5,3 %

Dipl.Phys.., Dipl. Energiewirt
Axel.bretzke @stadt-frankfurt.de

passivehouse-school,
Folie 35




O Invest @ Cleaning

O service and maintenance B heating

O electricity B water

@ ecology B administration
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€/a

90.000
80.000
70.000
60.000
50.000
40.000 |
30.000
20.000
10.000

heating

Standard (EnEV)

Low Energy
standard (EnEV -
30% )

Passivhouse
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A/V-Verhaltnis Einfluss auf Verbrauch und Kosten

Entwurf Kuhlrippe Bungalow kgmpakt Ultfa

Form V ﬂ

L 100 50 25 15,9
B 10 20 20 15,9
H 4 4 7,5 15,0
V 4.000 4.000 3.750 3.780
A 2.880 2.560 1.675 1.456
HNF 650 650 650 650
AV 0,72 0,64 0,45 0,39
BRI/HNF 6,15 6,15 5,77 5,82
NGF 850 850 850 850
Kosten A 720.000 640.000 418.750 364.102
Kosten Zwischendecke, Treppe 100.000 151.191
Kosten Summe Oberflachen 720.000 640.000 518.750 515.293
Energieverbrauch kWh/a 56.918 42.941 38.724 46.259
Verglasung 20%

Energieverbrauch kWh/am 2 67 51 46 54
Energieverbrauch €/a 3.415 2.576 2.323 2.776
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The small amount of additional costs attest,
that kindergarten and schools have to be build
In passivehouse quality
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CDU: passivehouses should be standard
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2006 city government decide:
New city buildings should be built

according to the guidelines for economic

3!

construction

/9 9 19:
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New city government parties:

New urban buildings will be built in
passivehouse quality as far as
possible
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component U-Wert W/m?2 K
Roof 0,11
Wall 0,16
Ground 0,34

with extra insulation of the
footing walls (frost apron)
DIN 13370 9.3 (20 cm)

Reduction factor 0,22

Windows

0,74

Cold bridges

optimized
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Frost apron is neccessary

Cause of the hillside situation a lot of retaining walls are
necessary

The insulation of these walls means less thermal bridges and
no dewpoints at the walls on the bottom

Therefore there is no expense for insulation at the base of th e
walls

With insulation of these walls in soil less insulation of the
bottom is necessary
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CO2-Messungen in Klassenraumen von 1858-2000

Fensterllftung Laftungsanlage

CO2-Konzentration [ppm]
N
o
o
o

Grenzwert 1500 ppm

1000 -
0 -
Pettenkofer 1858 Heck 1921 CH-Dubendorf ~ Stammheim 1989 CH- PH-Schule-
. 1989 Gumpenwiesen Waldshut 2000
Quelle: IWU, Stahl-Sonnenenergie 1989
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Ventilation systems are necessary for a passivehouse concept, but should
be the future standard cause of the CO2-conditions in (ASR, DIN 1946) as it
IS in Denmark

Prefered simple and low maintenance

Ventilation to all rooms

Supply air only for fresh air, no additional heating function

Air change 15-20 m3/h and person, 2/h for the classroom

Partly controlling with CO2- or mixed air sensors, otherwise 100%/50%/0%

High heat recovery ( > 75-80%), the temperature of the supply air is more
than 16° C without heating element

Air injection under the ceeling (min 16° C) and warming by the pupils (you
can'‘t notice it)

The air flows over from the classroom to group rooms to the corridor
(silencer, fire trap)

Extraction in the entrance hall ceiling, no outlet air ducts
Tollets get the air from the corridor, outlet air also to the heat exchanger
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Heat from full automatic wood pellet boilers (45 T€ inst ead of
district heating 120T¥€)

Small radiators in the Classrooms connected from the corridor
(same costs than for a ventilation heating element for four
classrooms)

Reduced heating circuits

Corridor heating only with the outgoing air from the
classrooms

Heating of the Gym with water jet heating from the ceiling
Single room temperature control (+- 30) only for user comfort

When window opening the temperature sensor will give a cut
off signal to the radiator
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Not specific for passivehouses, but necessary for comfort

In classrooms there is a very high internal and external ther mal
load over 50W/m 2 (25 pupils, 2 kW, windows 12 m ?with
sunscreen 2 kW)

Simulation or computing according to DIN 4108 T2 is

necesssary

Window area optimized (enaugh for daylight, less for summe r
heat protection)

Breast instead of Lintel, to have daylight even in depth o f the
room

Metall outside sunscreens with automatic control, key swit ~ ched
for short manual control, 1/3 - 2/3 position for better day light
use

Floor, wall and ceiling in massive construction as far as
possible

Passiv free night cooling with two openings per classroom
(2/h, 2 x 0,4 m?)

Aktive night cooling with the ventilation system with bypa ss flr
the heat exchange
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Problem:

Even with shading 20 times
more sun iIs comming in

than through transmission,
IS going out even standard
or passivhouse

Therefore:
Store the heat in the wall
keep it out by air at night
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Part U dT |Htan |Psun |dT Htransm | PSUN

[W/m2K] | Winter | Winter | Winter Summer | Summer | Summer
K] [W] unshaded | [K] [W] shaded
[W] [W]

PHwindow | 0,85 |30 |357 |7000 |5 60 1750

Standard 11 4 |30 |588 (8400 |5 98 2100

window

PH wall 0,15 |30 (45 7

Standard  |0,3 |30 |90 14

wall
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LON- with OPC-Server and Software Wonderware or similar,
control per room:

heating
ventilation
sunscreen
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Hot water central only for bulk consumer (showers gym,
kitchen) near the boiler unit

Other hot water local by electrical flow heater, but only if
necessary (f.i. not for cleaning cause of alkohol in cle anser)

Deaeration sewage system by pressure deaeration in the
building

Carrying rainwater outside of the building
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,Leitlinien fur wirtschaftliches Bauen® (quidelines f or economic
construction) under www.stadt-

frankfurt.de/energiemanagement _ or german assoziation of
cities and towns, ,energy guidelines design instructions “

Electrical load for lighting <2 W/m 2 100 Ix (300 Ix for classroom
< 6W/m?)

Electrical drives EFF1 class, RPM regulated
Mechanical vantilation 0,45 kWh/m 3
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Measurement of energy consumption.

Measurement of air conditions (in, out) and energy loss by
ventilation (native and mechanical)

Measurement of temperatures, humidity (in, out) and weat her
conditions

Measurement efficiency of the ventilation system
Measurement of the energy losses by use of cold water

Measurement of the energy loss through the ground (insulation
of the frost apron)
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to the experience
to the adaptation of the task
to the quality of workmanship and the details

favorable construction costs
Good comfort

Low energy costs
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