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Abstract
Läckö Castle is an historic building that has never been permanently heated but has been dehumidified
since the early 2000s to house museum collections. The purpose of the work was to evaluate the
dehumidification performance and compare the climate with the state of preservation of wooden wall
paintings. Compiled climate recordings for different rooms in the castle from 1997 to 2009, before and
during dehumidification, were used and compared to the outside climate. The RH set point value of 70 %
for dehumidification was not reached often, especially in winter with high outside RH. Wood painted with
a linseed oil paint performed well, whereas paint containing resin was seriously damaged. It is concluded
that microclimatic differences in relation to dominating wind direction are important. The air exchange
of the building is very decisive for dehumidification efficiency.
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Introduction
Historic buildings are not always the best to house fragile museum objects, especially those sensitive to
fluctuations in relative humidity (RH) and temperature (T). These buildings are often leaky and hence the
internal environment is difficult to control [compare Staniforth et al, 1994]. The present work to study the
indoor climate at Läckö Castle had two purposes: first to evaluate the influence of a dehumidifier on the
indoor climate and secondly to evaluate the state of preservation of painted wooden panels in relation to
the indoor climate in various rooms.
Although Läckö Castle is more than 700 years old its present structure dates mainly from the late 17th
century [Fig. 1]. It is a large building with approximately 150 cm thick stone and brick walls. The outside
walls were rendered with a lime/cement plaster in the1960s. For the last 200 years the Castle has been
deserted or used as a warehouse. It is located on a small peninsula in Lake Vänern in southern Sweden. It
has never been permanently heated. There are no original furnishings left but many rooms retain the
original painted doors, wainscotings and ceilings.

Fig. 1: Läckö Castle seen from the frozen Lake Vänern during the cold
winter 2009-10. [Photo: Jan-Erik Andersson, Läckö Castle]

At the end of the 1990s a wish was expressed to refurnish the castle to attract more visitors. The
Nationalmuseum in Stockholm agreed to lend furniture and paintings if the environmental conditions
could be assured not to exceed 70 % RH. Climate monitoring was initiated and the infiltration was
measured by using a passive tracer gas technique. The result showed infiltrations of 0,5 – 1,5 air
exchange rates/hour [Holmberg et al, 2001] with high fluctuations in temperature and relative humidity
during parts of the year as expected. During winter and early spring the predominant RH levels exceeded
70 % RH. The result of the climate investigation led to the installation of a dehumidifier along with
secondary glazing of most of the windows in order to decrease the infiltration of outside air.
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Dehumidification
Two dehumidifiers (Munters ML 1350® desiccant dehumidifier) were installed in two steps in 2000 and
2003. The two units are located in the attic in a fireproof compartment. Through the chimney channels,
dried air is distributed through textile ducts on all floor levels. Air is re-circulated via ducts suspended in
chimney channels further away in the building [Fig. 2.].The dehumidification capacity at for example
80% RH, varies at different temperatures e.g. 11 kg/h at 20°C and 4,5 Kg/h at 0°C [ML 1350 data sheet].
For the first two years the humidity sensors were placed in two different rooms on the second and third
floor. In 2003 the two humidity sensors were moved into ducts close to the dehumidification units in the
attic so that the dehumidifiers are regulated in relation to mean RH values from all rooms and storeys.

Fig. 2: Plan of Läckö Castle, 3rd floor. Distribution of the dried air from the
dehumidifier is illustrated by the orange (installed in 2000) and blue (installed in 2003)
lines. Room numbers, location and naming of the wooden panels are illustrated by
numbers and letters. Room 165 is located on the second floor, below room 212.

Initially the stream of dried air in the rooms was continuously in one direction, causing drying-related
damage to furniture close to the air entry points. To avoid further damage a switch system was installed
along with the dehumidification changes in 2003, reversing the air flow every 12 hours. Air runs through
the system constantly but the dehumidifying function is automatically turned on only when the sensors
register values exceeding 70% RH.
The total energy consumption is approximately 65-70.000 kWh/year, serving approximately 12.000 m³ of
air volume. During July every year the dehumidifier is closed down as there are opera performances in
the courtyard and there is simply not enough electric power for this as well as for the fire security system.
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Methods
Methods for studying the climate and the dehumidification function
Several persons have monitored the indoor climate during periods before and after the installation of the
dehumidification units in various rooms in the castle using Tinytag® and Tinyview® loggers for RH and
temperature. The majority of these earlier records where collected during the present study and were
compiled for each room. The main source of information on dehumidification was unpublished notes
compiled from the years 1998-2005 [Holmerg, private archive]. During the compilation of environmental
data it was discovered that more than half the records could not be used for this study due to the
possibility that some data loggers were malfunctioning. Hence the numbers of both years and rooms for
which environmental conditions could be verified were reduced. Four rooms on the second and third floor
had enough reliable indoor climate data before and after the installation of the dehumidifier and this data
also covered sufficiently long and identical periods from different years. The data loggers used were all
hanging 3-4 m from the floor close to one inner wall. Two seasonal periods where chosen to be
representative, one in early summer having a comparatively low relative humidity and one in the middle
of the winter having a high relative humidity [Fig. 3 and Table 1].

Fig. 3: Duration diagram showing the numbers of days when the humidity exceeds 70 % RH
in four rooms in the castle. (B) shows the days before dehumidification, in winter 1998-99
and summer 1998. (A) shows the days after installation of the dehumidifier, in winter 200708 and summer 2008. The results are compared to the outdoor climate during the same
periods.

Multidisciplinary Conservation: a Holistic View for Historic Interiors
Joint Interim-Meeting of five ICOM-CC Working Groups, Rome 2010

4

5

Charlotta Bylund Melin et al, Painted Wood as a Climate Indicator

Table 1. The mean values and standard deviation of relative and absolute humidity as well as
temperature, before (B) and after (A) installation of the dehumidifier.
Room
nr
165

204

223

225

Outdoors

% RH
mean

% RH
Std

Temp °C
mean

Temp °C
std

AH g/m3
mean

AH g/m3
std

Winter B 98/99
Winter A 07/08

88
65

7,0
2,7

-0,2
4.1

1,2
0,8

3,9
4,1

0,7
0,3

Summer B -97
Summer B -98
Summer A -09

74
69
68

8,1
12,0
3,9

12,8
14,2
13,7

4,1
3,2
2,6

8,6
8,6
8,4

1,9
1,1
1,4

Winter B 98/99
Winter A 07/08

88
64

7,4
8,2

1,9
4,9

1,8
0,9

4,7
4,3

1,0
0,7

Summer B. -98

68

10.2

14.9

2,6

8.9

1,0

Winter B 98/99
Winter A 07/08

92
75

6,5
6,4

1,1
3,8

1,9
1,3

4,6
4,6

0,9
0,7

Summer B -98

64

8,8

15,4

2,4

8,6

1,1

Winter B 98/99
Winter A 07/08

89
79

7,6
4,8

1,7
3,7

1,8
1,3

4,7
4,9

1,0
0,7

Summer B -98
Summer A -09

64
64

8,7
4,3

15,3
14,7

2,1
2,8

8,6
8,4

1,1
1,5

Winter 98/99
Winter 07/08

89
95

7,0
6,1

-0,2
2,4

3,6
2,3

4,1
5,3

1,2
1,1

Summer -97
Summer -98
Summer -09

73
76
73

15,2
15,2
14,9

12,3
11,7
12,8

4,5
3,3
4,3

8,1
8,1
8,4

2,3
1,7
2,1

Period

Methods for documentation of climate related damages on painted wood
Painted wooden panels (total 34) in the third floor window recesses below the windows in 13 rooms in all
four cardinal directions were studied during 2009 [Fig. 2]. They all represent landscape paintings with or
without buildings and ruins and have grisaille painted frames [Fig. 4]. Archival records show that a few of
them were replaced or restored during the renovation of the castle 1926-31 [Jonsson, 1999] and these
changes are also clearly indicated on the paintings themselves.
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Fig. 4: Painted wooden panel nr 223A in room 223. Open joints and cracks in the wood are
notable. [Photo: Charlotta Bylund Melin]

In 2000, before the installation of the dehumidifier, detailed reference photographs of painted wooden
surfaces were taken by a professional photographer. In many instances the areas chosen were in the doorjambs in dehumidified rooms approximately 150 cm from the floor. The photos were planned to be used
as a reference in order to evaluate the impact of the dehumidifier. The same areas were re-photographed
in 2009 by the same photographer [Fig. 5].

Fig. 5: Examples of a pair of photos (10 x 10 cm) taken in 2000 (left)
and in 2009 (right). Paint loss is marked with white arrows. [Photo:
Erik Cornelius, Nationalmuseum]
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The panels in the window recesses were visually examined using photo lamps. A magnifying glass and
portable UV-lamp were used to confirm observations and reveal any differences in fluorescence between
older and more recent paint. No sampling was made, but a more detailed analysis might prove necessary
as an extension to the present study. The observation was restricted to looking for any alteration of wood
and paint. This observation process was repeated once, and was performed by three conservators with
different specializations.

Table 2. The state of preservation of the wooden panels in relation to the indoor climate.
Scores 0-5 on a relative scale from worst to best.
Room
No
and
panel
ID
204 A
206 A
206 B
206 C
206 D
212 A
212 B
212 C
223 A
223 B
223 C
225 A
225 B
225 C
225 D
225 E
225 F

Wood
score

Paint
layer
score

Principal
direction
of panel

3
3
3
4
5
2
3
3
2
4
5
1
1
1
3
3
4

4
4
3
4
4
1
1
1
3
4
1
4
4
4
4
4
4

W
W
W
E
E
N
S
S
E
E
W
S
S
S
N
N
N

Summer values 1998 before
dehumidification
%
%
%
%
RH
RH
RH
RH
std.
min.
max.
mean
45
96
68
10.2
48
93
68
9.3

Winter values 1998-99 before
dehumidification
%
%
%
%
RH
RH
RH
RH
min.
max. mean
std.
71
100
88
7.4
70
100
88
7.4

56

98

74

8.9

78

100

96

5.6

43

86

64

8.8

77

100

92

6.6

40

93

64

8.8

74

100

89

7.6

After the first survey, some deterioration tendencies that could be related to the indoor climate were
distinguished. During the second survey, the extent of alteration was more thoroughly observed and
quantified [Table 2]. Cracks and open joints in the wood substrate were recorded, as well as the
distribution and amount of paint losses and retouches.

Results and discussion
The environment and dehumidification efficiency
Two periods describing the environmental conditions before and after the installation of the dehumidifiers
and secondary glazing were identified and compared. These periods are between 1997 and 1999 and
between 2007 and 2009 respectively [Table 1]. Then, two representative seasonal periods were also
chosen, the winter period is 5 December – 5 February while the summer period is 1 May – 1 July. Both of
these seasonal periods are 63 days long. Indoor data are also compared with data of the outside conditions
for both of these types of period. This data was obtained from the meteorological coastal weather station
at Naven, located 6 km west of Läckö. The dominating wind direction at Naven is southwest during
summer and southwest and northeast during winter.
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For the periods chosen, minimum, maximum, mean and standard deviation values for RH and absolute
humidity (AH) were calculated. A higher standard deviation (std) represents more varying climatic
conditions. If AH during a period is lower indoors than outdoors it would indicate that the dehumidifier is
removing humidity from the air. Only if the set point value for RH is reached is the infiltration of outside
air acceptable. The RH values represent the actual humidity levels that are related to the damage risk for
the objects. A more detailed picture of the climate, showing the duration of periods of RH above 70%, 7180 %, 81-90 % and 91-100 % RH respectively, is given in Fig. 3.
Environmental monitoring records from before as well as during dehumidification showed that RH in the
rooms is higher and AH lower in winter than during summer. After the installation of the dehumidifier the
periods of high RH were shorter in comparison with the outside climate but still exceeded 70% RH for
long periods. Interesting to note also is that, notably in room 225, the RH no longer exceeded 90 %.
However, in the diagram monitoring the same room, during the same period but one year later there are
peaks exceeding 90 % RH [Fig. 3 and 6].

Fig. 6: The indoor climate during eleven months (December 2008 – November 2009) in room 225 in
comparison with outside climate records. The left diagram illustrates RH and T. The right diagram shows AH.
(Horizontal lines in the outdoor climate are periods with no records)

During winter periods the mean value was higher for AH but equal or lower for the RH. AHmean is
expected to be similar indoors and outdoors for unclimatized buldings, although slightly moderated by the
influence of the building envelop. A large, heavy stone and brick building such as Läckö could also be
expected to have a buffering effect on the extreme RH values, at least after the installation of secondary
glazing.
There were no obvious large differences in the indoor climate between rooms in the different principal
directions, either during summer or during winter.

Condition survey of painted wooden surfaces and comparison with the indoor
climate
Wood material, construction, and paint character of the panels are known or expected to influence the
kind and degree of response to varying environmental conditions [Mecklenburg et al, 1998].
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Wood substrate
The documented panelling is understood to be pine. The original panels each consist of 3-4 individual
boards, horizontally assembled with glue joints lengthwise in relation to the sapwood zones. Each board
is positioned with the heartwood facing the room interior.
The individual panels in the window recesses are mounted on the masonry with a few and relatively large
wrought steel nails, and are held in place also by the skirting and the profile batten, at the lower and the
upper edge respectively, and on each side by overlapping panelling boards. Many panels show a few
cracks. Panels may be restrained from free movement, thus swelling or shrinkage may have caused
cracks, mainly developing from the end grain. Some panels also show open joints. Cupping (across grain)
and bow (deviation along grain) is also visible in a few instances.

Paint layer
Statements concerning the binding media are based on what was commonly used at the time of the
original paintings, namely the second half of the 17th century, and on the visual appearance of the paint
layer. In the retouches from 1926 the white pigment used was zinc oxide which has a bright yellow
fluorescence. This makes the retouches where this pigment has been used easy to distinguish from the
original. In some cases the white pigment used for the retouches is titanium dioxide which has a bluish
appearance in ultra violet light.
On the majority of the panels the oil-based paint, probably linseed, was applied directly on the wood. No
preparatory layer appears to be present. Panels may be covered with a thin, grey, oil-based ground, visible
in small areas over the surface where it has been left uncovered. The decorative paint layer is thinly
applied, without heavy impasto and containing no coarse particles. In general the paint on these panels is
well preserved.
Some green areas are probably painted with copper resinate. These areas in most cases show a tendency
to flaking. The resin content makes this paint brittle and sensitive to low temperatures and fluctuating
relative humidity
In some areas the thin paint layer has lost its adhesion to the denser and more resin-rich latewood, making
the growth rings clearly visible. This is probably due to the fact that the latewood is very non-absorbent
and the paint medium does not adhere to it well.
On all the panels in room 212, the surface of the paint layer is very coarse. It is possible that below the
visible oil paint is an earlier, very coarse and thickly applied paint. This paint, which might be distemper,
has a texture similar to the still-visible paint on the adjacent panelling boards in the room.
It is therefore likely that the oil-based paint is secondary, and was applied on top of an earlier decorative
layer. The painting is in a poor condition with a great number of losses. This is probably due to weak
adhesion and different dimensional response of the various layers, developed by fluctuating relative
humidity. The paint was already in a bad condition in 1926, explaining why large areas were retouched
and are still actively flaking.

Comparison of the indoor climate and state of preservation of the wooden panels
It is assumed that it was the climate before the installation of dehumidifiers that influenced the present
state of the panels and that there have been only minor changes during the last decade during
dehumidification. A comparison of the condition of the painted wooden panels and the climate before
dehumidification in the rooms is presented in Table 2.
It is interesting to note that the paintings in general (except those in room 212) are in a very wellpreserved condition despite the very harsh climate in the castle. This may be explained by the absence of
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size or chalk ground between the wood and the decorative paint. Due to different mechanical properties of
wood and ground these are susceptible in high RH [Mecklenburg et al, 1998].
It is also remarkable that the summer and winter RH values in the studied rooms are so consistent.
Therefore the different conditions of the panels can not be explained fully by the environment recorded at
the location of the data loggers in the rooms. Panels in room 225 show differences in damage on panels in
different positions, interpreted as depending on microclimate differences. The upper panel boards on the
south side of the room are all cupping and cracking from the edges while on the north side of the room
this is not noticed. However, the painting layer on all six panels is in equally good condition. The
thickness of the walls in the window recesses is only about ½ meter and consequently these panels are
likely to be subjected more to the outdoor climate such as daily temperature gradients and predominant
wind, with accompanying driving rain from the southwest.
The low score for the painting layer of panel 223C is because the paint layer of the lower part of the panel
is completely reconstructed. The remaining original paint is in the same good condition as the other two
panels in the same room.
The photos taken of painted wooden surfaces in the door openings show no visible, or very small, losses
of paint before and after dehumidification. On surfaces where paint loss was noted in 2009, the paint was
loose already in 2000 [Fig. 5]. The final loss on those surfaces can also be due to the large number of
visitors passing through the doors. It was not possible to determine if cracks in the wood were enlarged
between the two photo occasions as the relative humidity at the time of the first photographs taken was
not known.
The dehumidifier at Läckö Castle soon needs to be replaced, so one must ask whether the
dehumidification is the best solution. Can the present dehumidifier or another remove the high humidity
levels still prevailing during winter? Are other solutions like conservation heating, solely or as a
complement during the most humid winter periods, an option?

Conclusions
It is clear that the type of paint or the presence and type of grounds have a very profound effect on the
tolerance to harsh environments. Dehumidification could be a possible way to regulate the humidity in
historic buildings. How to modify air tightness, the placing of the steering sensors and the most suitable
set point for RH all have to be determined in each case.
Climate monitoring in historic buildings is a source of information also for future preservation strategies,
not least in times of global warming. To be useful, the location of loggers, their age, service records, the
purpose of logging etc., all need to be provided. Equally important is to decide where and how the records
should be archived for the future. To decide the tolerable RH-range at Läckö, or other historic buildings
used as museums, is complex undertaking. The building itself and the movable and immovable objects
housed within it have to be considered, as well as the energy consumption.
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