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Abstract

The architecture of museumshas developed in a way that diminishes
the natural protection previously a®ordedto collections by the thermal in-
ertia of massive masonry construction, the limited solar radiation through
relativ ely small glass areas and the releaseof internally generated heat
through a large ratio of exposed wall to volume. Mechanical air condi-
tioning is now nearly universal in new public buildings, even in climates
where air conditioning has not previously beenthought necessary, so that
climate control has beendecoupled from architecture. A paradox of mod-
ern design and modern materials is that passive humidit y stabilit y can
now be provided more easily than before, becausebuildings are more air-
tigh t, while natural thermal stabilit y is reduced, becausestructures are
more lightweight, often have vast expansesof glassfacadeand have a small
ratio of wall area to volume.

Relativ e humidit y can be stabilised by moisture absorbent wall plas-
ters and condensation can be minimised by porous walls. These methods
of moderating the indoor climate have been pioneered by researchers in
human health, designing dwellings. These innovations have not yet in-
°uenced the design of large public buildings, such as museums. This is
probably becausethe demand for constancy in the museum climate is
now so strict that it is impossibleto achieve by non-mechanical means. In
museum stores an annual temperature cycle is permitted. There are now
several examples of stores whose climate is mainly controlled by passive
methods, combined with simpli¯ed mechanical systems.

The evolution of museum buildings

Until the ¯rst quarter of the twentieth century , gravit y de¯ned the practical
limits for the appearanceof a building and gravitas described the appearanceof
museums. In the PergamonMuseum in Berlin (Figure 1), monumental outdoor
art is enclosedin an even larger structure, itself encasedin a classicalcollonade.

The modern movement in architecture allowed, but did not guarantee, a
reaction to this portentous style. The Louisiana Museum of Modern Art north
of Copenhagen(Figure 2) is one of the world's most unassumingart museums.
Relief at its simplicit y and human scalemust bebalancedagainstconcernfor the
lossof securecontainment. The °ood of light is a visible causeof damageto the
art, the lack of thermal inertia and moisture absorbingmaterials in the structure
is both an invisible threat and a stresson the air conditioning equipment.

Architects have used the new scienceof accurately computed tensile con-
structions to make their mark with walls falling outwards at previously impos-
sible angles,as in the The Royal Library in Copenhagen(Figure 3). This trend
to pressarchitecture to the limit, to make the enclosurefor art itself the major
artistic attraction, rather than just a sympathetic container, is exempli¯ed by
Frank Gehry's GuggenheimMuseum in Bilbao (Figure 4).

Thesebuildings, which appear to accept no limits to expressiveness,neces-
sarily have limits to their abilit y to defendtheir contents by passive means. It is
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Figure 1: The Pergamon Mu-
seum, Berlin. The huge Assyr-
ian reliefs are housedin an im-
mensebuilding in neo classical
style. Built in 1920{1930. Ar-
chitect: Alfred Messel.

Figure 2: A gallery of the LouisianaMu-
seum of Modern Art, north of Copen-
hagen, designed in the late 1950's by
Wilhelm Wohlert and J¿rgenBo.

Figure 3: The Royal Library exten-
sion, Copenhagen,1999. Designed
by Schmidt, Hammer and Lassen.

Figure 4: The Guggenheim Mu-
seum in Bilbao, 1997. Architect:
Frank Gehry. Photo: Perry Smith.

not easyto build a massive wall that leansout, so the thermal inertia of such a
building must be low, unlessit is provided by more orthodox internal structure.

Another trend in modern museum building is the enclosureof courtyards
of existing buildings (Figure 5) and the linking of old and new parts by glass
corridors (Figure 6). These glassenclosuresreduce the surfacearea to volume
ratio of the building, and provide negligible thermal inertia, resulting in a need
to cool the building even in winter in a temperate climate. This is a design
trend made possible only by cheap energy. Half the energy from the sun is
light, so clear, uncoloured glass,however technologically advanced,can at best
only halve the incoming solar power. At the sametime aswe are urged to reduce
our consumptionof fossil fuels,architects are designingair conditioned buildings
in northern Europe, where air conditioning was consideredunnecessaryonly a
couple of decadesago.

The trend towards lightweight enclosuresis reducing the margin for error in
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Figure 5: The recently covered
courtyard of the British Museum,
London. 2000. Architect, Norman
Foster.

Figure 6: The Danish National
Gallery, Copenhagen, The glass
atrium joins Wilhelm Dahlerup's
building from 1896 to the exten-
siondesignedby Anna Maria Indrio,
openedin 1998.

Figure 7: The Nydam Boat, ex-
hibited in an in°ated structure but
hereshown in the middle of a power
cut. Fortunately, the wires hold-
ing the condensationcollector above
the boat alsoheld the entire canopy
when the air pressure failed. Ar-
chitect KHRAS. Photo: Ole Vang-
gaard.

Figure 8: The Museum of Modern
GlassArt is housedin an abandoned
cistern under a low hill in Copen-
hagen. The shineon the °oor is wa-
ter.

caring for artifacts. The Nydam boat, from the fourth century AD, normally
enjoys a quiet retirement in Gottorp House in Schleswig. It was lent recently
to the National Museum of Denmark which put it under an in°ated structure
(Figure 7). The thin envelope givesscant separation betweenthe northern Eu-
ropeanclimate and the warm humidi¯ed interior, socondensationdripped from
the roof. The engineersthen strung wires from end to end to hold a canopy to
catch the drips. The wires alsoheld the tent from falling into the boat when the
power to the pumps failed. We must be thankful for the serendipitous modi¯-
cation which both de°ected an unforeseenthreat and prevented an unexpected
disaster.
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Figure 9: The CopenhagenOpera House, designedby Henning Larsen, seen
under construction in 2003.

Massive construction, however, is not a guarantee of a good climate. The
CopenhagenMuseum of Modern Glass Art (Figure 8) is in a reservoir built
within a low hill, which once provided water to the city. Here, one cannot
criticise the immensethermal inertia of the semi-in¯nite walls but the relative
humidit y is not ideal, though its stabilit y is ensuredby the constant centimetre
of water all over the °oor.

In this frenzy to build, or adapt, unusual structures to contain art, we have
lost sight of the protective role of enclosure. The environment of modern pub-
lic buildings is now sustained by mechanical systems forcing conditioned air
through a forest of ducts into a structure whoseonly inherent protective quality
is thermal insulation. We can be certain that if the mechanical systemfails the
deterioration of the indoor climate will be rapid.

The construction methods and materials of modern buildings are now uni-
form worldwide. Evena prestigebuilding, wherethere is no pressingneedto save
money, pays scant regard to local materials or adaptation of building style to the
local climate. The CopenhagenOpera House (Figure 9) provides a visual list
of the universal ingredients of a building: steel, precast concreteslabs,mineral
wool insulation, glass,gypsum board, plastic paint and a thin surface veneer,
in this casesandstonetiles. None of these materials has signi¯cant exchange-
able moisture content and only concreteprovides thermal capacity. In modern
buildings it is only thermal insulation that counts. Until the last few years,
national building regulations for minimising energyconsumption have speci¯ed
the thermal insulation required in a house. It is only very recently that the
regulations in somecountries have allowed a calculation of performancebased
on energyconsumption, rather than thermal insulation.

This concentration of e®ort on thermal e±ciency is understandable in the
planning of an ordinary building becausepeoplehave, until very recently , been
assumedto be indi®erent to variation of relative humidit y if the temperature
is moderate. However, hospitals, museums,printing works, weaving shopsand
computer rooms have long had humidit y control, sometimesshowing an inge-
nuit y that long pre-dates the rise of ecological architecture, as in Marshall's
Egyptian style TempleMill in Leeds,England, from 1841,which had steam hu-
midi¯cation aided by sheepgrazing the turf on the roof to keepthe evaporative
cooling system closecropped.

The increasingreliance on computer aided designthrows up another reason
why humidit y control by passive processeshas not been taken up by modern
architects. The °ow of heat through materials and its transport by air are well
understood. The movement of moisture, however, remains mysterious. Many
computer programs have been written, but results are not entirely convincing
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Figure 10: The courseof the climate in a gallery of the National Museum of
Denmark. During a twelve hour power failure the massive building held a steady
temperature but the relativehumidit y descendedsteeplyfrom its arti¯cially high
value towards the value corresponding to the outdoor air raised to the indoor
temperature.

[1]. They all rely on the doubtful assumption that moisture moves through
materials in the sameway as heat. Even if this were true, a further di±cult y is
that although building imperfections may in bad casesaccount for 30% of the
heat °ow through the envelope, they can easily account for 98%of the moisture
°ow.

Heat and moisture bu®ering in buildings

Heat and moisture movement are inextricably interdependent in buildings. Our
examplecomesfrom the only sourceof information on the natural performance
of modern buildings: what happens when the power fails and the data logger
is battery powered, or clockwork driven. The part of the National Museum of
Denmark whoseclimate during a 12hour power cut is shown in Figure 10is made
of concrete and brick. Heating is by air circulating within the concrete °oors.
The original courtyard has been covered to make a large room for temporary
exhibitions. When the power failed the temperature remained high becauseof
the great thermal inertia but the relative humidit y fell, becausethe cold outside
air with a low water vapour concentration ¯ltered into the building through the
windows. We learn from this that thermal inertia is not protective of the art
without corresponding moisture inertia. The exhibits in this room were mostly
behind glass, the walls were painted with acrylic emulsion and the °oor was
varnished wood. There is hardly any moisture bu®ering in this room to defend
it when the mechanical humidi¯cation fails.

The argument of somebuilding physicists [2], is that even if there are mois-
ture absorbent surfacesin a room, the bu®ering e®ect,though real, is a quan-
titativ ely negligible in°uence on the indoor climate.

We examine the scanty evidenceand cometo a lesspessimistic conclusion.
Building materials, and the content of buildings, have a considerablepotential
for bu®eringthe relative humidit y, but this potential is seldomrealisedbecause
water vapour passesthrough materials much more slowly than heat does. A
stone wall a metre thick has the capacity to slow down the daily wave of heat
passing into a building so that the peak temperature at the inner surface is
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Figure 11: The military archive
of the Castle of Segovia in
Spain. On one side the room
is boundedby the massive lime-
stone of the castle rock. On the
other side, small windows pen-
etrate the massive outer wall.
Photo: Victoria Smith.

Figure 12: The Cord Room, on the ex-
hibition circuit at a higher level in the
Castle of Segovia.

reached in the cool of the early morning - a®ording a considerablesaving in
both the daytime cooling need and the night time heating. During this same
period, the moisture exchangedat the exposedsurfaceof a plank of wood, for
example,will causea wave of moisture movement in°uencing no more than the
underlying few millimetres of wood.

In terpretation of the climate in unheated ro oms

When we look for evidencefrom buildings without climate control, to test the
reality of humidit y and thermal bu®ering, it turns out that there are almost
no usabledata. The kilometres of thermohygrograph charts and the gigabytes
of digital climate data from museum interiors are of no use if there are not
matching data from the outside climate.

We show ¯rst the data for the military archive of the castle of Segovia in
Spain, a room (Figure 11) with enormousthermal and moisture inertia, having
the massive limestone of the castle rock as the °oor and one wall and a massof
paper recordsas its contents (Figure 13). Note how the thermal bu®eringalso
holds the RH steady, towards the right hand end of the graph, wherethe outside
RH decreasesswiftly, but the inside RH actually increasesslightly , becausethe
water content of the warm outside air increasesas summer approaches.

We can also note some support for the assertion that moisture bu®ering
is easily overpowered by air exchange. There are somedownward blips in the
RH record at the beginning of the sequence.These are causedby the curator
opening the window as she starts work, and locking it again before she leaves.
Each event leaves the RH a little lower, after the initial rapid recovery. As
summer approaches, the curator's ventilation has the opposite e®ect,causing
the RH to rise in small steps.

We turn now to the climate of an exhibition room in the upper part of the
castle, with visitors, good ventilation and relatively sparsefurnishing (Figure
12). The corresponding climate data (Figure 14) are much more typical of a
museum,yet we can still seea considerablereduction of the RH cycleamplitude,
comparedwith the outdoor values.

Our interpretation of the causeof the moderation of the interior RH is limited
by a fundamental ambiguit y. We can seeimmediately that the smaller cycle in



PADFIELD & LARSEN { MUSEUM DESIGN 7

 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

2001-04-21 2001-05-05 2001-05-19

 2

 4

 6

 8

 10

 12

T
em

pe
ra

tu
re

 °
C

 a
nd

 R
H

 %

W
at

er
 v

ap
ou

r 
co

nc
en

tr
at

io
n,

 g
/m

3

Day

A
B

Relative humidity

Temperature

Concentration

Figure 13: The microclimate in the military archive (bold lines), comparedwith
the outside climate. The point A on the RH trace marks a period when opening
a window during working hours pushed the RH to a lower value. At point B ,
in warmer weather, opening the window increasedthe RH. Data from Victoria
Smith [3]
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Figure 14: The climate within the Cord Room, compared with that outside.
Note that the water vapour concentrations are not identical, indicating that the
RH is not bu®eredby thermal inertia alone. Data from Victoria Smith [3]

indoor temperature, comparedwith that outside, hasautomatically reducedthe
RH variation indoors below the outdoor cycle, which is largely causedby the
daily temperature cycle. Yet this cannot be the whole story, becausethe indoor
water vapour concentration, though following the outdoor value on the scaleof
several days, deviates considerably on the scaleof hours. We cannot tell how
much of this deviation is due to variation in ventilation rate, how much is due
to bu®ering by the surfacesin the room and how much is due to vapour from
visitors. Without measurement of air exchangeand wall surfacetemperaturesat
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Figure 15: The climate within an experimental room in Tapanila ecological
house,Espoo, Finland. During the ¯rst period, a humidi¯er blows water vapour
intermitten tly into the room which hasporouswalls. During the secondperiod,
the walls are covered with polyethylene sheet. The ventilation rate is varied
throughout the experiment. The better bu®eringwith the porous walls is quite
clear. Data re-plotted from Rode et al. [4].

Figure 16: The climate within an experimental room at the Fraunhofer Institute
for Building Physics in south Germany. The plaster walled room wascompared
with a similar room with aluminium walls and was ¯nally painted. The porous
bareplaster wall givessigni¯cant bu®eringagainst the typical daily water vapour
production of a family. Data re-plotted from Holm et al. [5]

the samefrequency as measurements of air temperature and relative humidit y
we can learn nothing about how the microclimate is generated in this room.
The databasefor interpreting how buildings react to weather and patterns of
usedoesnot exist.
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vided by 0.3 m2 of lightweight clay
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Quan titativ e measuremen t of humidit y bu®ering

We have thus reached the end of the road in reporting quanti¯able experience
from museums. The only precise measurements of humidit y bu®ering with a
known air exchangerate and moisture °ux comefrom experimental rooms de-
signed to improve the comfort of humans rather than of inanimate art. Figure
15 shows the courseof the climate in Tapanila ecologicalhouse,Espoo, Finland.
Similar results are reported from the Fraunhofer Institute for Building Physics
in Holzkirchen, Germany (Figure 16) [5]. The expected e®ectivenessof wooden
buildings in bu®eringthe relative humidit y with various rates of air changehas
beenmodelled by Simonsonand co-workers [6].

Humidit y bu®ering of large spaces

Large rooms with porous surfaces,more on the scaleof museum galleries, are
hard to ¯nd. In northern Europe they are usually stables or churches. Many
investigations of the whitewashed Medieval churches of Denmark show that
they bu®er changesof relative humidit y. The furnishing is sparse,and usually
oil painted or varnished,so it is the walls that provide climatic stabilit y. To give
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somequantitativ e idea of this e®ectwe chose,asbefore,data that comefrom an
unintended experiment. In Gunds¿magleChurch in Denmark, the temperature
in winter is normally kept at about 12±C. The church is warmed for servicesand
for the organist to practise. We have extracted from the climate record for one
year just thesebrief periods of warming and cooling and have plotted the data
as superimposedcycles of temperature against RH (Figure 17). Given an air
changerate that is slow comparedwith the period of the temperature change,we
canassumethat an inert wall would result in a relationship betweentemperature
and RH given by the steepbold curve in the diagram. This expressesthe fact
that a rise in temperature will causea fall in RH in an isolated volume of air.
The observed variation, averagedover many heating and cooling events, follows
the shallower curve, indicating that the RH is not varying asmuch asit would in
the room with moisture inert walls. As the temperature rises, the wall releases
water vapour to maintian the RH, and absorbs it again as the temperature
falls. If the walls were to bu®er perfectly, the plot would be a maze of nearly
horizontal lines. The angle of the squiggly lines to the horizontal can therefore
be usedas a ¯gure of merit for RH bu®eringby the walls. This value is unique
to the room, not to the material of the wall, becauseit is a®ectedby the areato
volume ratio. Experimentally , this is not an ideal method, becausethe thermal
inertia of the wall interferes, reducing the moisture bu®eringe®ect.

The bu®ering a®ordedby church walls is far from negligible and de¯nitely
bene¯cial to the church furniture and wall paintings.

So far, we have discussedthe performance of building materials that have
not beenchosendeliberately for their bu®eringcapacity. Pad¯eld [8] hasexper-
imented with optimising wall surfacesfor moisture bu®ering, while retaining a
smooth appearance,easyapplication and low cost. Figure 18 shows the bu®er-
ing a®ordedby a lightweight, clay bondedplaster, designedto bea substitute for
gypsum plaster as an indoor ¯nish. The experimental conditions were broadly
similar to the previously reported small room experiments, with a sinusoidal
cycle of injection and withdrawal of water vapour but with no air exchange.
The expected daily RH variation in an inert room is shown by the steepcurve.
The °atter curvesshow the measuredRH in the chamber and at depth within
the plaster surface. Not only is the bu®ering impressive but the thicknessof
bu®er that is a®ectedis only about one centimetre. This limits the abilit y of
the bu®er to counteract the in°uence of rapid air exchange, but it also means
that a thin layer is also the optimal thicknessfor bu®ering the daily variation
in RH.

One can be con¯dent therefore that useful humidit y bu®erperformancecan
be achieved without any revolutionary changein architectural practice, though
thermal bu®ering,oncean automatic side e®ectof the necessarywall thickness
to bear tall structures, is more di±cult to achieve in modern buildings.

The poten tial for moisture bu®ering in museums

All this may be academically interesting, but is the prospect of bu®ering real
museum galleries anywhere near becoming reality? There are powerful forces
in°uencing engineersto use mechanical systems, notably the tight limits set
by conservators for permitted variation in temperature and relative humidit y
and the legally required minimum air exchange rate for public places. It is
di±cult to specify, or to predict, the performanceof a room with climate stabilit y
provided by material means rather than by air rushing through ducts. The
modelling mathematics is still regarded as insu±ciently tested for large scale
use in prominent building projects.

One can be reasonably certain of achieving short term stabilit y that may
actually be better than that provided by mechanical systemsbut somedrift of
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Figure 19: A museumstore in Brede, north
of Copenhagen.A new, thermally insulated,
airtigh t and moisture bu®ering room has
beenbuilt within an old machine hall, leav-
ing a corridor betweenthe old shell and the
new room. Climate control is by heating
and by pumping outside air into the room
when the water vapour content is suitable.

Figure 20: A building of
Copenhagen University,
holding the archive of
the Arnemagn½an Insti-
tute. The end wall of the
archive is removed to show
schematically the heavier
insulation towards the
interior of the building,
the massive concrete wall
and the cellular concrete
humidit y bu®er.

the indoor climate around the ideal set point is inevitable. It is much easierto
specify a tightly limited climate, knowing that modern engineeringcan provide
it. It is then but a short step for the architect to exploit being freed from the
constraint of designingfor fundamental climatic stabilit y.

Semi passive climate control in museum stores

At present, the deliberate useof humidit y bu®eringis limited to museumstores,
where the air exchangerate is small and the temperature may be allowed to fall
below the narrow band that is acceptableto museumvisitors.

Figure 19 shows a storage room at the National Museum of Denmark,
glimpsed behind the original factory windows. The walls of the room are air-
tight and thermally insulated against the corridor which surrounds three sides.
The air conditioning is by pumping air from the corridor, which is not sealed
against entry of outside air, into the room when the air has by chancethe right
water vapour content to drive the room air to the desired50%relative humidit y.
The air is sometimesheated as it is pumped in, so that the temperature in the
insulated room drifts according to the time of year. In the winter, however,
the air in the corridor is heated to 12±C, so the room also holds this constant
temperature.

This method of relative humidit y control requires careful adjustment of the
room temperature through the seasons,sothat the absolutewater content of the
outside air can be expectedto vary both above and below the water content that
will give the room the desiredconstant relative humidit y. The room has to be
ventilated reasonablyoften to prevent accumulation of air pollution generated
from the stored objects, whosematerials and history are both very varied, so
that they outgas various chemicals, both natural and man-made. At present,
the ventilation of stale air haspriorit y, so the climate control resulting from this
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Figure 21: The climate in the Brede storeroom from July 2002to August 2003.
The set point is 50% RH. In summer the outside water vapour content is gen-
erally higher than that inside, so air is only pumped in when, by chance, the
outside water vapour content dips below the water vapour content in the room
(the two lowest traces). The optimal control is given by a subtle interplay of
room temperature and the trend in outside temperature. One can seein the
period immediately after 1/7/2003 that high outside water vapour content has
resulted in a steady rise of inside RH, due to leakagebut maybe also helped by
rising temperature, which causesRH to rise in a well bu®eredenclosure. Data
from Brian Simonsen[9]

system is not as perfect as can be obtained with full air conditioning (Figure
21), but it is cheap - costing about half what full air conditioning would cost
to run. The initial investment is also less,becausethe ventilation equipment is
small and simple.

There are many possible variations on this basic method of mechanically
assistedair conditioning. One way to reduce the high summer RH would be
to use the corridor more actively. On sunny summer days it gets very hot:
over 30±C. If the back wall of the corridor were lined with black moisture-bu®er
material and the corridor were ventilated vigorously to the outside during the
hot period, the RH of the bu®er material would fall. The corridor could then
be sealed from outside air at the approach of the cool of evening. The low
equilibrium RH of the bu®er will scarcely change as it cools. Now it can be
usedto dry air circulated betweenthe corridor and the room.

Another variant is usedin an archive in CopenhagenUniversity [11]. Figure
20 shows the building, with the end wall of the archive removed to show how the
insulation is arranged with a thinner layer towards the outside of the building
and thicker insulation towards the inside. The carefully calculated insulation
thicknesses,together with the thermal inertia of the massive concrete walls,
hold the air in the archive at a temperature about half way betweenthe central
corridor of the building, always at about 20±C, and the running averageof the
outside temperature. This will give a yearly average RH of about 50%, but
only if the bu®ercapacity of the room and its contents is used to even out the
annual climatic cycle. The concrete is therefore lined with expanded cement
blocks to provide moisture bu®ering. There are not yet data to demonstrate
the performanceof this room over the yearly cycle.

We have concentrated on the bene¯cial properties of moisture absorbent in-
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door surfaces.There are alsogood arguments for making walls which are porous
right through. This allows the removal by di®usion of indoor pollutants, such
as carbon dioxide, which is always at much higher concentration indoors than
out. There are subtle advantagesin porouswalls whoserelative permeability to
inside and outside is adjusted to minimise the risk of condensation,which has
causedspectacular failures in modern museumsin cold climates. This matter
is described in principle and in anecdoteby Pad¯eld [8]. The quantitativ e data
are limited to research on houses[10].

Conclusion

There are largeareasof the temperatezonewherethe decisionto usemechanical
air conditioning for public spacesis ¯nely balanced and can be tipp ed over to
using passive control by careful design to optimise heat loss from the building
in summerand in sunlight, and by using natural light to reduceheat generation
within the building. The useof bu®ersagainst temperature and humidit y varia-
tion will even out the daily rythm and make air conditioning unnecessary. Even
when a persistently unfavourable climate forcesair conditioning, there is a case
for using under-dimensionedequipment that can work round the clock, or at
night supplied with cheap electricity, supported by bu®ering against the eight
hour daytime load from solar radiation and human activit y. The air conditioning
can even be turned o®to reducenoiseduring opening hours.

A good museum, from the point of view of the collection, has a carefully
balanced area of window for its volume, and a ratio of outside wall area to
volume that best ¯ts the local climate and the expected heat generation in the
building. The building should have high thermal mass and highly moisture
sorptive interior surfaces,combined with a porous outer surface to minimise
condensationin the structure and to permit outward di®usionof carbon dioxide.
Optimising these characteristics is not incompatible with exciting architecture
but it certainly is a constraint on freedom of expression.The one modi¯cation
which is entirely free of risk and would incur hardly any visual or economic
penalty is a shift to moisture absorbent interior plaster and moisture permeable
paint.

The ¯rst recorded attempt to bu®er the relative humidit y in a museum
gallery was published by MacIntyre in 1934 [12]. After seventy years of inac-
tivit y in this branch of preventiv e conservation, we seean increasing interest
in the use of absorbent materials and clever design, rather than machinery, to
control the indoor climate, but the initiativ e is coming from researchers con-
cernedfor the health of peoplerather than of museumobjects [2]. The paradox
of modern building practice is that its lightnessreducesthe stabilising in°uence
of thermal inertia but its airtigh tness, combined with heat and moisture ex-
changers,makespossiblerelative humidit y bu®ering, which rapid uncontrolled
air exchangepreviously made ine®ective.
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