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Place: Technische Universitat Darmstadt, Fachbereich Bauingenieurwesen und Geodasie
Title of the lesson: “Innovative Konzepte der energetischen Sanierung im Baudenkmal*

Description of the contents: The energy requirement of a historic building can be substantially reduced finding the right
solutions and implementing the high quality. This is the guiding principle in the European research project 3ENCULT
"Efficient Energy for EU Cultural Heritage": for the energy retrofit of a historic building the multidisciplinary exchange
between all stakeholders starts with a comprehensive diagnosis of the status quo, supports the development of solutions
and selection of the most appropriate one, and does not end before an integrated monitoring and control, which verifies
and guarantees performance. Methods to be applied include (i) conservation inventory system (as e.g. “Raumbuch”)
which are further developed in order to well interface with energy issues, but also (ii) conservation related non or minor
destructive testing (NDT) technologies (as e.g. IR-thermography, ground penetrating radar, ultrasonic tests) as well as (iii)
energy performance related diagnosis (as e.g. again IR-thermography, blower door test, heat flow measurements). Also,
the works work done in the Waaghaus in Bozen and in the Hottinger Schule in Innsbruck are presented. The works regard
internal insulation, replacement of windows, air tightness, moisture at beam ends, ventilation, air flow balancing, daylight
and artificial lighting optimisation.

Name of the files: WP8_D8.9 20131007_EURAC-Lesson 1 en and WP8_D8.9 20131007_EURAC-Lesson 1 de
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Also In historic buildings the energy

demand can be reduced considerably —

If an interdisciplinary team looks for the
right solutions for the specific building
and implements them with high quality.
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Work In a interdisciplinary
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team

Role
Case ‘“Technical “Urban “Conser-  “Dissemi-
study solutions” context”  vation” nation”
EURAC research IT Coordinator, X [ X
WP1 & WP8 lead

The Royal Danish Academy of DK WP2 |ead x X
Fine Arts
IDK - Institut fir Diagnostik & DE WP2 co-lead | X
Konservierung an Denkmalen l
Universitat Innsbruck AT WP3 lead a§ X
ARUP UK WP3 co-lead | X
Universitat Stuttgart DE WP4 lead X X
Cartif ES WP4 co-lead X X
Bartenbach Lichtlabor AT WPS5 |lead X
TU Dresden DE WP6 lead %

Institute for Building Climatology X

Chair for Historic Preservation & Building Research X

Centre of Expertise in Urban x
Comune di Bologna IT WP6 co-lead S X
Passivhaus Institut DE WP7 lead | X
TNO NL WP7 co-lead | X
Alma Mater Studiorum Universita IT diagnosis & x|
di Bologna monitoring

DICAM X

DIES X
Artemis IT diagnosis & I X

monitoring

Grupo Unisolar ES solar solutions X
Menuseries Andre FR window solutions X
Remmers DE insulation solutions X
ATREA s.r.0. CZ ventilation solutions X
youris.com BE dissemination | X
ICLE! Europe DE dissemination " X X
REHVA BE dissemination
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Case studies
Overview
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» Waaghaus,
Bozen/Italy

» Palazzo d’Accurso,
Bologna/ltaly

. Palazzina della Viola, :
Bologna/ltaly

a Arsenal, -
Kopenhagen/Denmark [ =
» Hottinger School, >
Innsbruck/ Austria

» Speicherstadt,
Potsdam/Germany

» University building,
Bejar-Salamanca/Spaii

s Strickbau, |
Appenzell/Switzerland g8

10 June 2013 3ENCULT workshop Bruxelles - Alexandra Troi EURAC &
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Integrated with energy issues

Monuments are unique - any change has to be prepared by a
comprehensive analysis

= information to the historic materials and constructions,

= potential existing damages as well as

= strong and weak points from energy perspective

Collect and visualize in a structured way any information needed for
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Architects, conservators and engineers
-2 “move” through the building on different levels of detall
—> information for constructive discussion at their hands.
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Integrated with energy issues

Usefulness goes beyond diagnosis!
development of solutions,
comparison of different options
selection of the best one for the specific building
will profit from the
structured presentation and
simultaneous look at both conservation and energy aspects
not only on an aggregated level, but down till the single room.

Navigation Specification Design Implementation Paost evaluation

=l CS 1 Public Weigh House ||| |Urban aspects
=l Aspect — Roombook
=i First fioor
=i 30
#d wand a
[ wand b

The building is placed in the historic city Center of Bolzano. It is part of the “Portici di Bolzano®, which were
built in the end of the 12th century - during the regnancy of emperor Friedrich |. Barbarossa — by the

2 bishops of Trento. It represents a for this time typical composition of street market with a central grain trade
H wand ¢ ("piazza del granc” — grain square).

i wand d
Al wand e -

& Wand f
=4 32
=3 33
=l 34
# Second floor

- Associated documents

Quarter/town

Dacument preview
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=i €S 1 Public Weigh House
= Thermal envelopes / facades
# 1 second basement
1 First Basement
1+ Ground floor
=l First floor
(3 Room 17/18 (Test room)
1 room 189
1 Room 20
1 Room 21
|-j Room 22
1 Roomz3
| LT
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Associated documents

Ef* Document type

1 diagrams/drawings

1 expertises/reports

0 files/correspondence

0 guidelines/specifications

1 iphotographs/images

0 épuhlicat'runsipress

ER WALLS

List ¢ F walls:

Walllabel: S_FF_Room_34 Wall_C height:3.273 width:3.055 depth:0.65

lam | »

M.p.: Es:
Floral decoration: On the south wall
of the room D (room 34) has
emerged decoration with foliage in
e o ed colw on 8 Wi Construction: interior lime plaster 20
background (see D7, 8. 9). The area

; - 30 mm, natural stone ca. 650 mm,
was already obscured by numerous derior laster 20 - 30
pale lime (about 6) when the exterior lime plaster 20 - 30 mm.

Exterior wall, south oriented.

Paranat nundar tha windnw lace thirlk

List of construction elements:
Element: DO1_Test room_Exterior wall M.p.: = E.s. .-

date/time: Mon Feb 11 2013 05:32:20 GMT+0100
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Fotos & maps for
orientations

Mavigation

=i €S 1 Public Weigh House
= Thermal envelopes / facades
# 1 second basement
1 First Basement
1+ Ground floor
=l First floor
(3 Room 17/18 (Test room)
1 room 189
1 Room 20
1 Room 21
|-j Room 22
1 Roomz3
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Associated documents

#  Document type

1 diagrams/drawings

1 expertises/reports

0 files/correspondence

0 guidelines/specifications

1 iphotographs/images

0 épuhlicat'runsipress

Extras
Implementation

Post evaluation

OUTER WALLS

List of walls:

Walllabel: S_FF_Room_34 Wall_C height:3.273 width:3.055 depth:0.65

M.p.:

Es:

Floral decoration: On the south wall
of the room D (room 34) has
emerged decoration with foliage in
green and red color on a white
background (see D7, 8. 9). The area
was already obscured by numerous
pale lime (about 6) when the

List of construction elements:
Element: DO1_Test room_Exterior wall M.p.: = E.s. .-

Exterior wall, south oriented.
Construction: interior lime plaster 20
- 30 mm, natural stone ca. 650 mm,

exterior lime plaster 20 - 30 mm.
Daranat nindar tha windm lace thick

date/time: Mon Feb 11 2013 05:32:20 GMT+0100

lam | »
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Parallel descriptions In

the middle part
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Mavigation
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Walllabel: S_FF_Room_34 Wall_C height:3.273 width:3.055 depth:0.65

M.p.:

Es:

Floral decoration: On the south wall

of the room D (room 34) has
emerged decoration with foliage in
green and red color on a white
background (see D7, 8. 9). The area
was already obscured by numerous
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1 diagrams/drawings

1 expertises/reports

0 files/correspondence

0 guidelines/specifications

1 iphotographs/images
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List o. construction elements:

Exterior wall, south oriented.
Construction: interior lime plaster 20
- 30 mm, natural stone ca. 650 mm,

exterior lime plaster 20 - 30 mm.
Daranat nindar tha windm lace thick

Elemen.. D01_Test room_Exterior wall M.p.: = E.s. .-
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lam | »
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Implementation Post evaluation

OUTER WALLS

List of walls:

Walllabel: S_FF_Room_34 Wall_C height:3.273 width:3.055 depth:0.65

M.p.:

lam | »

Es:

Floral decoration: On the south wall
of the room D (room 34) has
emerged decoration with foliage in
green and red color on a white
background (see D7, 8. 9). The area
was already obscured by numerous
pale lime (about 6) when the

List .-f construction elements:

Exterior wall, south oriented.
Construction: interior lime plaster 20
- 30 mm, natural stone ca. 650 mm,

exterior lime plaster 20 - 30 mm.
Daranat nindar tha windm lace thick
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Extras : Logout
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#L Thermal envelopes / facades
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ﬂD Second basement List of walls:
=l First Basemant A z ’ (2]
#1 Ground fioor Walllabel: 5_FF_Room_34 Wall_C height:3.273 width:3.055 depth:0.65  » ;
=1 First fioor |E ‘
L3 Room 17/18 (Test room) M.p.: Es: =
i_] Room 19 Floral decoration: On the south wall
3 poom 20 of the room D (room 34) has
1 Room 21 OHIERGEE eSO on e fuii_age L Exterior wall, south oriented.
L Room 22 E::T ad jed oo on 2 Wiie Construction: interior lime plaster 20
ca ground (see D7, 8, 9). The area
Room 23 ; - 30 mm, natural stone ca. 650 mm,
2 - was already obscured by numerous i -
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Associated documents pale lime (about 6) when the 55 onaib il e aasim el o et | |

Document preview
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Material and
construction catalogues
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Navigation Logout
| Construction Element Area Total thickness U-value (calculated) Comment Entered by Entry date ‘
| all - Q][ |
D01_Test room_Ceiling 1 467 1.34 Dagmar Exner 20121213 22:31:34
over Portici
D01 _Test room_Exterior ? U 233 Dagmar Exner 20121213 22:45:37
wall

[ Lustruction element details

= |—Constmctior1 glement sketch

R, e el e d

Construction element: Area: Entered by:
D01_Test room_Ceiling over Portici 1 Dagmar Exner
Total Thickness (mm): Comment: Date:
467 - 20121213 22:31:34
U-value data
U-value (calculated): U-value (measured):
1.34
RSI: RSE:
Nownward(0.17) Thermal Resistance of the exterior surface(0.04)

—Photao

date/time: Mon Feb 11 2012 05:25:01 GMT+0100

rProDenkrr
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... With detail drawings
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Navigation Logout
| Construction Element Area Total thickness U-value (calculated) Comment Entered by Entry date ‘
| all - Q][ |
D01_Test room_Ceiling 1 467 1.34 —Z>rmar Exner 20121213 22:31:34
over Portici
D01 _Test room_Exterior 2 0 233 Dagmar Exne 20121213 22:45:37
wall
—Construction element details I —Construction element sketch —Photo
Construction element: Area: Entered by: o e
D01_Test room_Ceiling over Portici 1 Dagmar Exner
Total Thickness (mm): Comment: Date:
467 - 20121213 22:31:34
U-value data \
U-value (calculated): U-value (measured):
1.34
RSI: RSE:
Downward(0.17) Thermal Resistance of the exterior surface(0.04)
dateftime: Mon Feb 11 2013 05:25:01 GMT+0100

rProDenkrr

EURAC
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Navigation ) Logout
| Construction Element Area Total thickness U-value (calculated) Comment Entered by Entry date ‘
[ [ all - | _lE
D01_Test room_Ceiling 1 467 1.34 Dagmar Exner 20121213 22:31:34
over Portici
D01 _Test room_Exterior 2 0 233 Dagmar Exner 20121213 22:45:37
wall
—Construction element details Construction element sketch———— —Photr
Construction element: Area: Entered by: ke, o I '
D01_Test room_Ceiling over Portici 1 Dagmar Exner N
Total Thickness (mm): Comment: Date:
467 - 20121213 22:31:34
U-value data
U-value (calculated): U-value (measured):
1.34
RSI: RSE:
Downward(0.17) Thermal Resistance of the exterior surface(0.04)

v

rF’roDenkrr

date/time: Mon Feb 11 2012 05:25:01 GMT+0100
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Standard solution can not
exist in historic buildings
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| A& 3encult
Public Weigh House

Bolzano/ltaly
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Windows
In the building stock ...
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. are usually

not thermally insulating

e.g. CS1 Waaghaus / Bozen:
- 33 kWh/m?
= 11% of total
transmission losses

not airtight

e.g. CS1 Waaghaus / Bozen:
- ~40 kWh/m?2

EURAC

research




What to do? n3BnClllt

IIIIIIIII NT ENERGY FOR EU CULTURAL HERITAGE

original windows with heritage
value

restoration of the existing window

If original windows have already
been replaced — as e.g. In
3ENCULT CS1

new energy efficient and
aesthetically fitting window




This was a challenge

n EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

for...

SENCULT partner
e’ Menuiserie André together

with their development expert
Franz Freundorfer

... In strong collaboration with the consortium!



15t meeting at the Weigh
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With the director of the local heritage office Mrs. Kofler Engl
To clarify the specific requirements of the building
But also to understand “typical” requirements

The window size is typical for a baroque window
Since nearly all windows were exchanged in the middle of the
20th century and there were no information available about

the original windows, the heritage office recommends a typical
local ,baroque” window:

= Two sashes, each with two subdivisions

= Both box-type and coupled window are possible
Documents and drawings for research

EURAC



15t meeting &
workshop in Bolzano
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Workshop in Bolzano 3encult
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1t prototype
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for CS1, the Weigh House

Uf (lateral and above)= 0,844 W/m2K

R/ /SR \ \\

' Division of functions: two sashes:

_— inner layer: energy efficiency - outer layer: aesthetic
3 s— = IR ——

L
i3

EURAC

research



Efficiency of the 1t
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p r O t O ty p e EFFICIENT ENERGY FOR EU CULTURAL HERITAGE
Warmestrom = 8,6102 W Warmestrom = 8,6504 W
Ur = 0,840 W/(mK) Us = 0,861 W/(m2K)
pSiSpao@r = 0;0206 w; (mK) PSigpacgr = 0,0203 W! [ITIK)

|

L]

= 0,726 W/(m?2K)
Psi opak = 0,0985 W/mK

EURAC



Efficiency of the 1t
prototype
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Feedback
from conservator
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“I/ do have overall a positive impression as
regards frame & sash bar dimension as well as
subdivision & proportions.

The optic of the outer glazing seems to me
exaggerated, both the too irregular reflection cu.or watrauakofer ene
from outside, and distortion from inside. And |

ask whether a 3-pane glazing for Bolzano climate

IS really needed.

EURAC

research



Further development nSencult
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Using thin glass—>
2mm!

2+8+2+8+2
=22 mm
4+12+4
=20 mm

Makes the construction
even lighter and more
delicate

Opens new ways for the
refurbishment of
windows




Résumé
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André/Freundorfer

Energy efficiency and historic buildings are a good match!

Preservation of the historical substance and the aesthetics of
protected buildings have first priority

If exchange - then choose class phAl

Box-type or coupled window?
Depends on the regional context and the installation.

Calculation of the psi-value (thermal bridge) of the installation!

There Is no standard solution
—> but there are design principles for project-based solutions

Both monument preservation and ,passive house* support the

craft
EURAC



Ad3encult
Active overflow ventilation
in the Hottinger school of Innsbruck
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Hottinger School
Innsbruck / Austria li39"Clllt

1929-29131, Franz Baumann & Theodor Prachensky
Typical for a school of early modernism

In SENCULT:

University of Innsbruck,
Architect Gerald Gaigg

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

EURAC
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Fresh air demand ... n3encult
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... can not be
guaranteed with
window ventilation
between one lesson
and the other

Windows are
opened also during
lessons

heating demand

comfort

EURAC

research



Fresh air demand ... nSencult
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CO, (ppm)

12 below
on top
I
PMV : :
0.8 -

i I ]
& %EFI- .l_'E i _WEE

0 : I | \\" -Jfr_—. ﬂ\\\ J/ L 1/ . il
o IR I } ] \
B

EURAC

research



... but which system? n3encult
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Central?
—> standard with heat exchanger in cellar

@ horizontal & vertical ducting

@ holes in ceiling

—> vertical ducting
no horizontal ducting in the corridor

@ more holes in the ceilings

Decentralised?

—> one ventilation system per class room
less ducts

@ two holes in the facade per room ...



What , offers” the
building?
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central staircase
large corridors
classrooms that are connected to the corridor

.%}

EURAC

research



Corridors as fresh air
reservolirs
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R |




Active overflow




Active overflow




Air supply in the
classrooms over textile nBencult

hoses

EURAC

research



Fresh air, exhaust air
and heat recovery

n EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Fresh air reservoir in the corridors

Active fans for air exchange with the classrooms, even with
closed doors - active overflow

Air supply in the classrooms over textile hoses

Corridor is supplied over the staircase with fresh air from
the heat recovery unit on the roof

Exhaust air over ascending pipes of toilets and
wardrooms

EURAC

research



Fresh air, exhaust air
and heat recovery

g2 3encult
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Fresh air reservoir in the corridors

Active fans for air exchange with the classrooms, even with
closed doors - active overflow

Air supply in the classrooms over textile hoses

Corridor is supplied over the staircase with fresh air from
the heat recovery unit on the roof

Exhaust air over ascending pipes of toilets and wardrooms
Nearly no ceiling openings necessary
No suspended ceiling in the corridors
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... further solutions
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minimal invasive and
nearly invisible mounting
of the counter flow heat
exchanger in the parapet
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fresh air through slit
below window sill
exhaust air via
perforated plate in front
of window post
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...in conclusion n3encult

Monument preservation and climate protection are not a

contradiction
- both feel committed to sustainability, which includes the preservation of

the building as a living space as well as the preservation or our resources.
Good, innovative and heritage compatible solutions can be found

If the parties exchange,

If they appreciate and complement each other in their respective
expertise

and consider the building in its entirety

on the basis of a comprehensive analysis and diagnosis



Tank you for the attention!
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