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Introduct ion

Year					     1880, expanded in 1910 & 2015
Architect(s)			   Gerard Klomp (original design), Braaksma & Roos (renovation)
Location				    Zeestraat 65, the Hague in the Netherlands
Function(s)			   Museum, depot, restaurant, offices, educational spaces
Total area				    2.680 m²
	 Rotonde			   1.200 m2

Panorama Mesdag

The Panorama Mesdag Museum

Sources: own

(Braaksma & Roos, 2022).
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Panorama Mesdag

Dimensions			  14,5 x 114,5 m
Area					     1660 m2
Weight				    4500 kg

(Wikipedia, 2021).



Panorama Mesdag

(Max Vandaag, 2021).



Panorama Mesdag



Panorama exhib i t ions

Ste-Anne-de-
Beaupré, Canada

Ge�ysburg, US

Atlanta, US

The Hague, NL
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	● 1793 first exhibition in London, Robert Baker
	● ‘19th century cinema’

Illusional panorama exhibition

Existing panorama exhibitions



Susta inabi l i ty  goals

Sustainability goals of the Panorama 
Mesdag Museum

Decrease carbon 
footprint

Decrease building 
energy consumption

Monumental 
limitations

Art preservation



Decrease energy consumption

Thermal buffering
Decrease building 

energy consumption

Advantages during summer

Advantages during winter

Constant 
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PCM

Compared to conventional materials, PCMs are 
capable of storing a large amount of thermal 
energy in a small volume.

In fact, PCM can store up to 5 times more heat 
in a volume up to 10 times smaller than other 
materials.

This characteristic allows to increase thermal 
mass of a building without adding extra bulk to 
its walls or structure.

This is especially true in the case of transparent 
or translucent building envelopes, where 
thermal mass is usually compromised in favour 
of transparent materials.

Excess heat is absorbed by PCM and released 
when temperature drops below the freezing 
point, causing a reduction of temperature 
variations. This means that room temperatures 
will be stabilised.

PCM application also causes temperature 
peaks to be shifted to a later time because 
they act as a buffer, causing indoor temperature 
to rise slower.

These phenomenons will result in more stable 
temperatures, higher temperatures in winter/
night and cooler temperatures during summer/
day.
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12 24 36
TIME (h)

TE
M

PE
R

A
TU

R
E 

(°C
) WITHOUT PCM

Heat capacity comparison with other building materials

(Solarino, 2018)

System that stores and releases 
heat, heat battery

Effect in buildings 

with thermal buffer 
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Research quest ion

How can the Rotonde of the Panorama Mesdag Museum 
be adapted to increase the thermal buffering capacity of 
the building while not interfering with the monumentality of 
the exhibition building and the experience of the permanent 

Panorama Mesdag exhibition?



Research p lan

Define current state

Building

Painting

Indoor 
climate

RH% & T°C

Thermal buffering system

Potential 
locations

Techniques 
& systems

Promising 
system 
for the 

Rotonde

Testing effect of 
proposed system - 

Simulations

Preliminary 
design

Advise on suitable 
climate system

Optimised 
design

•	 Literature research
•	 Site visits
•	 Measurements

•	 Literature research •	 Testing through 
simulations



Research quest ion

What is the current state of the monumental Rotonde 
where the Panorama Mesdag is exhibited?



Current  state:  the bui ld ing

State of the Rotonde

Good, but minimal 
insulation & large solar 

heat gain

Construction details

Original vs. New elements



Research quest ion

What is the current state of the Panorama Mesdag 
painting?



Current  state:  the paint ing

Characteristics Damage and repairments overview

State of the Panorama Mesdag

Good, since adding a second 
canvas & repairs

Source: Speldekamp, 2017.



Research quest ion

What is the current state of the indoor climate of the 
Rotonde?



Current  state:  indoor  c l imate

Allowed range 
indoor temperature and relative humidity 

Stresses on the canvas

Mechanical damage to the canvas:
fractures, holes, deformation

Ohter risks
	● mold growth
	● paint damage
	● chemical 
deteriation 

time

T [°C] / 
RH [%] 

min.

max.

Risks of damage



Current  state:  indoor  c l imate

ASHRAE Climate classes in museums

Class C for Rotonde 
Panorama Mesdag

Class B for Exhibition 
spaces Panorama Mesdag

Class A Rijksmuseum 
(referece)



Current  state:  indoor  c l imate

Measurements

Temperature and relative humidity logger Data reciever Surface temperature logger



Current  state:  indoor  c l imate

summer overheating



Current  state:  indoor  c l imate



Current  state:  indoor  c l imate

h24 h

T [°C] / 
RH [%] 

time

T [°C] / 
RH [%] 

min.

max.

Daily fluctuations

•	Temperature < 5 °C
•	Relative humidity < 10%

Allowed range



Current  state:  indoor  c l imate

Summer
Temperature & relative humidity

Average temperature in July 2022

•	T: 3,9°C fluctuation per 24u
•	RH: 8,7% fluctuation per 24u

•	T: Incidental  > 5°C variation over canvas
•	RH: Incidental >10% variation over canvas

Stresses on the canvas
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Current  state:  indoor  c l imate

Winter
Temperature & relative humidity

Heating installation

	● T: 0,7°C fluctuation per 24u
	●RH: 3,1% fluctuation per 24u

	● T: Always  <2°C variation over canvas
	●RH: Always <10% variation over canvas
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Heating tubes 
along facade

HVAC

‘Floor’ heating 
in faux-terrain

Additional mechan-
ical ventilation:  

cooling

Infiltration

Ventilation 
overflow

Average temperature in January 2022

Top 
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Bottom

Variations over canvasDaily fluctuations



Current  state:  indoor  c l imate

��

��

Heating tubes 
along facade

HVAC

‘Floor’ heating 
in faux-terrain

Additional mechan-
ical ventilation:  

cooling

Infiltration

Ventilation 
overflow

Replacement of heating installation

•	Risk on water leakages
•	High energy consumption



Current  state:  indoor  c l imate

Approach summer
Decrease fluctuations

temperature and relative humidity

Approach winter

Decrease building 
energy consumption

Decrease heating demand / energy 
consumption

Art preservation

h

T [°C] / 
RH [%] 



Current  state:  indoor  c l imate

Boundary conditions
Art preservation

m
ea

su
re

d

unknown consequences

time

T [°C] / 
RH [%] Minimum RH [%] 29.0 25

Maximum RH [%] 63.7 75
Minimum T [°C] 14.3 10
Maximum T [°C] 32.2 30
Days per year of RH fluctuation > 10 %/24hr 36 Not allowed
Maximum RH fluctuation [%/24hr] 16.6 10
Days per year of T fluctuation > 5 °C/24hr 16 Not allowed
Maximum T fluctuation [°C/24hr] 6.2 5
Days per year of T fluctuation > 3 °C/24hr 116 Not allowed

No Yes

Measured                  
(2021-2022)

Requirements 
indoor climate

Complies with requirement indoor climate

Yearly indoor climate fluctation indicators:  
average behind the canvas

Monitoring indicatorsStay wihthin measured climate



Research quest ion

What are possible techniques for increasing the thermal 
buffering capacity of a building?



Pass ive  c l imate insta l lat ion

Spatial requirements by the museum



Pass ive  c l imate insta l lat ion

Potential locations



Pass ive  c l imate insta l lat ion

Overview thermal buffering processes

SENSIBLE HEAT THERMOCHECIMAL PHASE CHANGE

Materials
Brick
Water
Basalt

Climate systems
Water tank

Underground storage
Packed bed

Materials
Salt hydrates

Parrafin waxes
Metallics

Climate systems
Wall panels
Packed bed

Microcontainment in 
concrete construction

Materials
Carbonates

Metal hydrides
Silica gel

Climate systems
Heat battery

(Klinkerkultur.de, 2022)
(Bol.com, 2022) (DiscoverMagazine.com, 2021)



Pass ive  c l imate insta l lat ion

Potential thermal buffering system in Rotonde 

PACKED-BED

MEDIUM: PEBBLES (BRICK/
ETC.)

ACTIVE SYSTEM
450 M2, 1M DEPTH

80-90% EFFICIENCY
STORING FOR HOURS-DAYS 
5K temperature difference

450 M3

3,600 MJ

SCAFFOLDING 
PCM

MEDIUM: PCM
PASSIVE SYSTEM

1575 M2 
0.05 M THICKNESS

20% ENCAPSULATION

75-90% EFFICIENCY
STORING FOR HOURS-

MONTHS

65 M3
9,000  - 32,500 MJ

UNDERGROUND

FACADE PCM

MEDIUM: PCM
PASSIVE SYSTEM

1700 M2 
0.05 M THICKNESS

20%  ENCAPSULATION & 
INSTALLATION

75-90% EFFICIENCY
STORING FOR HOURS-

MONTHS

68 M3
9,300  - 33,750 MJ

GLASS ROOF

FACADE 
PAKCED-BED

MEDIUM: PEBBLES (BRICK/
ETC.)

ACTIVE SYSTEM
1700 M2 , 0,15 M THICKNESS

20% INSTALLATION

80-90% EFFICIENCY

STORING FOR HOURS-DAYS

200 M3

1,600 MJ

B E H I N D  T H E  PA I N T I N G

GLASS PCM

MEDIUM: PCM
PASSIVE SYSTEM

420 M2 

75-90%  EFFICIENCY

STORING FOR HOURS-DAYS

8,5 M3

1800 MJ

- RISKS
++ INSTALLATION

+ IMPACT

+ RISKS
++ INSTALLATION

+ IMPACT

+ RISKS
+ INSTALLATION

+ IMPACT

- RISKS
++ INSTALLATION

+ IMPACT

+ RISKS
+ INSTALLATION

++ IMPACT



Pass ive  c l imate insta l lat ion

Potential thermal buffering system in Rotonde 

FACADE PCM

MEDIUM: PCM
PASSIVE SYSTEM

1700 M2 
0.05 M THICKNESS

20%  ENCAPSULATION & 
INSTALLATION

75-90% EFFICIENCY
STORING FOR HOURS-

MONTHS

68 M3
9,300  - 33,750 MJ

B E H I N D  T H E 
PA I N T I N G

+ RISKS
+ INSTALLATION

+ IMPACT

Solid = heat released Liquid = heat stored
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00:00 h

Max. T
26.1°C
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Min. T
22.9°C
6:30 h

Heat release
Liquid -> solid

Heat absop�on
Solid -> liquid

liquid
solid

18:00 h 6:00 h

12:00 h

00:00 h

Max. T
28.2°C
17:00 h

Min. T
23.5°C
6:30 h

Heat release
Liquid -> solid

Heat absop�on
Solid -> liquid

liquid
solid

24.5°C
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22.9°C
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Temperature dependent -
specific per PCM type



Research quest ion

How can the most suitable thermal buffering technique for the 
Rotonde be applied without interfering with the monumentality 
of the building and the experience of the permanent panorama 

exhibition?



Design & test ing  process

Preliminary design of facade 
PCM system

Advise on climate system for 
Rotonde

Test effect with software 
simulations



Prel iminary  des ign

Characteristics of interior facade

PCM choiceClimate strategies
PCM facade 

panel system 
principles

Preliminary design

PCM distribution PCM thickness

20
00

7,4 m

53,3 m2

cooling

50,2 m2

hea�ng

20
00

20
00

20
00

20
00

15
00

20
00

10
00

Existing holes 
in facade used 
for securing

Suspension system is at 
easy accessible height



Prel iminary  des ign

PCM choiceClimate strategies
PCM facade 

panel system 
principles

Preliminary design

PCM distribution PCM thickness

Air flow around 
PCM panels

Allows PCM 
expansion

(Re)placement 
by 1 person



Prel iminary  des ign

h.
o.

h.
 1

00
0 

m
m

Width 500 mm

PCM

Rails

Finishing 
panel

Thickness 
t.b.d.

Opens for easy 
(re)placement 
PCM

Space for 
horizontal 
& vertical 
expansion of 
PCM

Horizontal 
movement of 
rails

Secured to 
facade

PCM choiceClimate strategies
PCM facade 

panel system 
principles

Preliminary design

PCM distribution PCM thickness



Prel iminary  des ign

PCM choicefacade system principles

Preliminary design

PCM distribution PCM thickness
Climate 

strategies in 
Rotonde



Prel iminary  des ign

 No horizontal Variations
All variations are =/< 1 °C, 

so no impact on suitable PCM 
(melting & freezing temperatures)

Are given within a range of 1-2 °C

max. T

Top 

Middle

Bottom

PCM choicefacade system principles

Preliminary design

PCM thicknessClimate strategies PCM distribution 
based on vertical 

& horizontal 
variations

horizontal differences

vertical 
differences

Vertical Variations
Winter: < 1 °C

Summer: 2.6 °C 



Prel iminary  des ign

facade system principles

Preliminary design

PCM thicknessClimate strategies PCM choice 
based on 

temperature 
behaviour

PCM distribution



Prel iminary  des ign
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Bo�om - summer Top - summer
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Bo�om - summer Top - summer
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Bo�om - summer Top - summer
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Bottom zone Top zone
COOLING
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Bo�om - summer Top - summer
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facade system principles

Preliminary design

PCM thicknessClimate strategies PCM choice 
based on 

temperature 
behaviour

PCM distribution



Prel iminary  des ign

facade system principles

Preliminary design

PCM thicknessClimate strategies PCM choice 
based on 

temperature 
behaviour

PCM distribution

Source: Turin (2015). Additonal 
information sources: Rubitherm (2022), 
Orange Climate - Autarkis (2022), ClimSel 
(2022).

Flammability 

PCM Database

PCM Database
•	112 PCM types
•	8 manufacturers
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PCM properties

Melting & 
solidfying T

Non-Toxic



Introduct ionPCM prel iminary  des ign

PCM thickness definition

•	Optimal thickness
•	Maximum thickness: 

based on weight 
restriction facade

Defined by 
simulations

Source: Solarino (2019)

facade system principles

Preliminary design

Climate strategies PCM choicePCM distribution optimal 
PCM 

thickness 
equation



Prel iminary  des ign opt ions
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Heating PCM

RT11HC
4 mm

1675 m2 PCM

Top

Middle

Bottom
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Middle

Bottom
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Middle

Bottom

Design Option 2.1 Design Option 2.2

SP26E
5 mm

910 m2

Design Option 1.1 Design Option 1.2

Top

Middle

Bottom

Top

Middle

Bottom

Top

Middle

Bottom

SP25E2
12.5 mm

765 m2

Cooling PCMs

SP26E
12.5 mm

910 m2

SP25E2
12.5 mm

765 m2

Cooling PCMs

SP26E
5 mm

910 m2

Design Option 3.1 Design Option 3.2

RT11HC
4 mm

765 m2

Cooling PCM

SP26E
12.5 mm

910 m2

RT11HC
22.7 mm

765 m2

Cooling PCMs

Heating PCM Heating PCM

COOLING

HEATING COMBINATION

Heating PCM

RT11HC
22.7 mm

1675 m2 PCM

facade system principles PCM thicknessClimate strategies PCM distribution PCM choice

Preliminary  
design options



Simulat ions

Rotonde

Panorama 
Mesdag 

museum

Hilton 
hotel

Canadian 
Embassy

Villa

Optimise PCM 
system designTest PCM variation

Software simulations

Analyse results Test effect final 
PCM designPreliminary  

design options Calibrate base 
model

Construction Weather data

Local data Installations

Local data
surrounding buildings



Simulat ions

Weather data measured by 
KNMI (Voorschoten)
+
Outdoor temperature 
measured on roof museum

Optimise PCM 
system designTest PCM variation

Software simulations

Analyse results Test effect final 
PCM designCalibrate base 

model

Weather data
1 year hourly weather data

Construction
Layout and material properties



Simulat ions

��

��

Heating tubes 
along facade

HVAC

‘Floor’ heating 
in faux-terrain

Additional mechan-
ical ventilation:  

cooling

Infiltration

Ventilation 
overflow

Floor heating 
Belvedere

Interior facade 
heating

Air conditioned 
education room

Conditioned air 
through Rotonde

Climate installations
System properties and settings

Optimise PCM 
system designTest PCM variation

Software simulations

Analyse results Test effect final 
PCM designCalibrate base 

model



Simulat ions

PCM panels in DesignBuilder

Masonry 
facade

PCM 
panels

Canvas

Section PCM panels 1:10

Optimise PCM 
system designTest PCM 

variations in 
simulations

Software simulations

Analyse results Test effect final 
PCM design

Calibrate base 
model

PCM properties

Air flow around PCM 
panels



Simulat ions

Simulation results winter - PCMs
Results winter
Minimal difference between 
cooling and heating PCMs

Conclusion
PCM have no effect in 
winter, so not advised.

Optimise PCM 
system designTest PCM

Software simulations

Analyse results
of PCMs

Test effect final 
PCM design

Calibrate base 
model

+2°C 



Simulat ions

Simulation results summer - Cooling PCMs

+°C

SP26E
SP25E2

Results summer
•	Sufficient cooling effect 

when in T range. 
•	Outside T range negative 

heating effect.

Conclusion
Cooling PCMs should be 
active on more days per 
year.

Optimise PCM 
system designTest PCM

Software simulations

Analyse results
of PCMs

Test effect final 
PCM design

Calibrate base 
model



Current 
situation 
(sim)

Cooling 1 
optimal 
thicknes

Cooling 2 
maximum 
thicknes

Combi 1 
maximum 
thickness

Combi 2 
opimal 
thickness

Minimum RH [%] 37.4 -0.8 0.8 0.0 0.0
Maximum RH [%] 78.3 9.9 6.7 0.1 0.1
Minimum T [°C] 12.6 -2.0 -1.9 -0.1 -0.1
Maximum T [°C] 30.5 -0.3 -1.8 0.0 0.0
Days per year of RH fluctuation > 10 %/24hr 257 -114 -131 -1 0
Maximum RH fluctuation [%/24hr] 18.8 3.9 2.9 0.2 0.4
Days per year of T fluctuation > 5 °C/24hr 0 2 0 0 11
Maximum T fluctuation [°C/24hr] 4.9 0.2 -0.2 0.0 0.2
Days per year of T fluctuation > 3 °C/24hr 197 -105 -136 -1 0

Differences of yearly indoor climate indicators: 
current situation vs PCM design options: average 
behind the canvas

Behind the canvas

Simulat ions

Yearly fluctuation indicators - Cooling PCMs

Negative effect for 
preservation painting

Conclusion
Cooling PCMs should be 
active on more days per 
year.

Optimise PCM 
system designTest PCM

Software simulations

Analyse results
of PCMs

Test effect final 
PCM design

Calibrate base 
model

Not all indicators 
same / improved =



Simulat ions

PCM with larger T range

Conclusion
PCM does not fully charge & discharge

Multiple PCMs with different T range

Conclusion
Decrease in capacity and effect on indoor 

climate

Increase consistency of daily fluctuations

Conclusion
PCM active on more days per year -> 
increase of effect on indoor climate

Optimise PCM 
system design

Test PCM

Software simulations

Analyse results
of PCMs

Test effect final 
PCM design

Calibrate base 
model



Simulat ions

Current situati onBase model

No heati ng 
behind canvas

Triple glazing in 
skylights + solar 

block fi lm

Alternati ve situati on

Interior facade 
insulati on

Heati ng behind 
canvas

Decrease solar heat gain 
during summer

Decrease heat loss during 
winter

Smaller yearly / seasonal 
temperature range

Optimise PCM 
system design

Test PCM

Software simulations

Analyse results
of PCMs

Test effect final 
PCM design

Calibrate base 
model



Simulat ions

Current situati onBase model

No heati ng 
behind canvas

Triple glazing in 
skylights + solar 

block fi lm

Alternati ve situati on

Interior facade 
insulati on

Heati ng behind 
canvas

PCM SP24E Rubitherm 12.5 
mm
•	 Melting: 24-25
•	 Solidifying: 21-23

Test PCM

Software simulations

Analyse results
of PCMs Test effect 

optimised PCM 
design

Calibrate base 
model

-4/5 °C 

Optimise PCM 
system design

Results summer
•	 Temperature - 4 to 5 °C 

on peak summer days
•	 Average temperature -1.5 

°C



Simulat ions

Test PCM

Software simulations

Analyse results
of PCMs Test effect 

optimised PCM 
design

Calibrate base 
model

Optimise PCM 
system design

Simulation results 
2021 - 2022

Estimate results 
2021 - 2022 from 
measured data 

Simulation with climate 
reference data 

(NEN 5060)

Difference simulations
Current vs. Optimised 

design



Simulat ions

-50% heating 
demand if current T 
winter is setpoint

Conclusion
•	 Sufficient cooling
•	 No heating required 

(+15 °C)

Test PCM

Software simulations

Analyse results
of PCMs Test effect 

optimised PCM 
design

Calibrate base 
model

Optimise PCM 
system design

Min.



Simulat ions

Conclusion RH
•	winter 

dehumidification 
advised

Test PCM

Software simulations

Analyse results
of PCMs Test effect 

optimised PCM 
design

Calibrate base 
model

Optimise PCM 
system design



Simulat ions

Measured

Estimate of 
final PCM 
Design

Required indoor 
climate

Minimum RH [%] 29.0 32.7 25
Maximum RH [%] 63.7 71.8 75
Minimum T [°C] 14.3 14.1 10
Maximum T [°C] 32.2 27.1 30
Days per year of RH fluctuation > 10 
%/24hr 36 14.6 0
Maximum RH fluctuation [%/24hr] 16.6 16.6 10
Days per year of T fluctuation > 5 
°C/24hr 16 0 0
Maximum T fluctuation [°C/24hr] 6.2 4.6 5
Days per year of T fluctuation > 3 
°C/24hr 116 7.7 n.a.

No, but improved No Yes
Complies with intended indoor climate

Yearly indoor climate fluctation 
indicators:  average behind the canvas

Behind the canvas

 Daily RH fluctuations 
•	occur -50%/year

daily T fluctuations 
•	large: occur -100%/year
•	small: occur -90%/year

Fluctuations Optimised PCM 
Desgin

Test PCM

Software simulations

Analyse results
of PCMs Test effect 

optimised PCM 
design

Calibrate base 
model

Optimise PCM 
system design

Indoor climate of 
optimised design is safe 
for preservation of the 

painting

Art preservation



Simulat ions

Test PCM

Software simulations

Analyse results
of PCMs Test effect 

optimised PCM 
design

Calibrate base 
model

Optimise PCM 
system design

Results
•	sufficient cooling
•	minimal heat loss 

winter

Conclusion
Comparable effect 
to 2021-2022 
simulations

Climate reference data



Alternat ive  system

Effect optimised 
PCM

Advise on climate 
system

Alternative 
system



Alternat ive  system

Effect optimised 
PCM

Advise on climate 
system

Alternative 
system

PACKED-BED

MEDIUM: PEBBLES (BRICK/
ETC.)

ACTIVE SYSTEM
450 M2, 1M DEPTH

80-90% EFFICIENCY
STORING FOR HOURS-DAYS 
5K temperature difference

450 M3

3,600 MJ

UNDERGROUND

- RISKS
++ INSTALLATION

+ IMPACT



Alternat ive  system

Effect optimised 
PCM

Advise on climate 
system

Alternative 
system

Results
•	minimal cooling
•	minimal heating 

effect

Conclusion
•	Not advised for 

implementation by 
itself

•	Further research 
needed: insulation 
& triple glazing



Conclus ion

Improve building envelope
•	Facade insulation

•	Triple glazing + solar block film

Additional ventilation / 
dehumidification advised to 

improve relative humidity

How can the Rotonde of the Panorama Mesdag Museum 
be adapted to increase the thermal buffering capacity of 
the building while not interfering with the monumentality of 
the exhibition building and the experience of the permanent 

Panorama Mesdag exhibition?

Decrease heating demand

Cooling & decrease 
fluctuations

•	PCM facade panels

Improve indoor climate



Advise  on c l imate system

Improve quality 
building envelope 
for cooling effect

Facade insulation

PCM / Basalt packed 
bed

Step 1. Step 2.

Evaluate 
indoor climate



Advise  on c l imate system

Roadmap for the Rotonde of the Panorama 
Mesdag museum

Step 1.2: Option 1
triple glazing with low- e 

optimised for insulation

Step 1.1
Outdoor sun screens

Step 1.x
warm air extraction

Step 1.x
Change colour of roofing

Steps 1.1-1.4 are interchangeable, 
because of no risk on damage. 
However, steps are in order of size 
of expected impact (large to small).

Current situation

Step 1.1: Option 2
triple glazing with low- e 
optimised for cooling

(+)

Alternatives

(+)

+



Advise  on c l imate system

Exterior sunshading
Further research needed to define feasibility.

Insulated glazing with low e coating
Cooling & insulating effect

(Sligoglass, 2015). (Helioscreen, 2021).



Advise  on c l imate system

Masonry facade 350 mm
Steel columns 400 mm
Calcium silicate board 50 mm
PCM panels 25 mm
Scaffolding 640 mm Canvas 

(loca�on varies)

350 780
380640150130

20
00

400

Roadmap for the Rotonde of the Panorama 
Mesdag museum

Step 2.2: 
Basalt packed bed

Step 2.1
Insulation with vapour 

barrier

Step 2.3
Silica gel panels in facade 

panel system

Step 2.3
Moisture buffering finish on 

insulation

Steps 1.1-1.4 are interchangeable, 
because of no risk on damage. 
However, steps are in order of size 
of expected impact (large to small).

Evaluation indoor 
climate

Step 2.1
Capillary active insulation / 

alternative

Alternatives

+

Step 2.2: 
Facade PCM cooling panels+

Insulation Cooling

(De)humidification

Alternative passive / active 
system



Advise  on c l imate system

No energy demand

Temperature control Relative humidity control

Silica gel packed bed.
Study TU Delft / ABT

De-humidifyer (combination 
with mechanical ventilation 

sysrem)

PCM cooling panels
behind canvas

Water heating tubes installa-
tion behind canvas

Heating & cooling panels: 
water system. Heat pump 

with soil source

Thermal buffering

Applied

Adjust floor heating in 
Belvedere platform to 

also cooling

Floor heating in Belvedere 
platform

Applied

PCM cooling panels
behind canvas + 

additional mechanical 
ventilation

Underground basalt 
thermal storage

Passive

Active

Packed bed with basalt 
/ PCM

Packed bed with basalt 
/ PCM +

additional mechanical 
ventilation

Infrared heating panels

High energy demand

Silica gel packed bed with 
additional mechanical venti-
lation. Study TU Delft / ABT

cooling heating cooling & heating



Reference Projects

Can the application of the thermal buffering solution for 
the Rotonde be relevant for other monumental panorama 
buildings or any monumental building with a similar building 

envelope?



Reference Projects  -  Bourbaki  Panorama Luzern

38 m 

12
 m

 
25

 m
 

9 
m

 

Renovated/new

Original: steel H-columns 
and concrete walls

Reinforcement
Original: steel truss structure and 

wooden panels

Renovated: single glazing with uv-pro-
tec�ve layers in aluminium frames

ORIGINAL FACADE ORIGINAL ROOF RENOVATED GLAZING

N
EW

 FA
CA

DE Extension
Library

Extension
Cinema

Shops & Cafe

Original



Reference Projects  -  Bourbaki  Panorama Luzern

2021 - Jahresbericht über die W
artung am

 B
ourbaki Panoram

a Luzern 

C
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arty, K
onservator-Restaurator SK

R/SC
R FIIC

8/10

A
nhang 1

Minimum RH [%/per day, month, season or year] 29.0 36.4
Maximum RH [%/per day, month, season or year] 63.7 61.3
Minimum T [°C/per day, month, season or year] 14.3 15.9
Maximum T [°C/per day, month, season or year] 32.2 30.8
Days per year of RH fluctuation > 6 %/24hr 172 144
Maximum RH fluctuation [%/24hr] 16.6 15.8
Maximum T fluctuation [°C/24hr] 6.2 6.1
Days per year of T fluctuation > 3 °C/24hr 116 171

Yearly climate indicators of the Rotonde of Panorama 
Mesdag and Bourbaki Panorama Rotonde Bourbaki

Conclusion
•	Indoor climate of Bourbaki Panorama similar to 

Rotonde in fluctuations of RH &T
•	Spatial possibilities similar

 => PCM cooling panel suitable for increase quality of 
indoor climateSource: Frei Wüest Expert Ingenieurbüro (2021)



Ref lect ion

Adds to knowlegde 
about application of 

sustainable systems to 
control indoor climate, 

specifically for museums 
in monumental 

buildings

Helps decrease 
stigma around PCM 

as expensive and not 
feasible option   -  

Effective systems of 
62,5 Eu/m2 (PCM price)

This research shows the 
importance of a well 
functioning building 
envelope before the 

application of additional 
climate control systems




