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Abstract

Most natural climates are too humid for good preservation, so heating
is often usedto moderate the relativ e humidit y (RH). The air in an empty
store will fall in RH as the temperature rises but a store full of water ab-
sorbent materials will experience a rise in RH with rising temperature.
This ambiguit y prevents automatic control by hygrostatic heating. The
solution is to establish a high thermal and moisture inertia. The tempera-
ture cannot changefast but follows a seasonalcycle. The chancevariation
in the water vapour concentration outside is then used to �ne tune the
indoor climate, drawing air in only when its water content will steer the
interior towards the speci�ed RH. A suitable annual temperature cycle in
a store room within an inhabited building can be obtained by balancing
heat gain from the building against heat loss to the outside.
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In tro duction

We describe the designand construction of a store room suited to small archives
sited in permanently occupied buildings. In most parts of the temperate zone
the natural relative humidit y is too high for safestorageof organic materials. In
uninhabited buildings, such as historic housesclosedfor the winter, a common
practice is to raise the temperature enoughto lower the relative humidit y into
the saferange. This is called conservation heating. Figure 1 shows the indoor
temperature that must be achieved in Copenhagento ensurea uniform 45%RH
throughout the year.

Figure 1 shows the monthly average climate. Historic buildings provide
so little thermal and humidit y bu�ering that a humidistat is usually used to
control the heat energy injected as the weather varies from hour to hour. This
technique does not work in a store room which is tightly packed with water
absorbent material and has a small air exchange rate. If the room is empty,
heating it will reduce the RH; if the room is �lled with paper, heating it will
increasethe RH. This ambiguit y of responseprevents automatic control of the
indoor climate.

We present here a method of climate control in which a heavily bu�ered
archive is placed within an inhabited building but against the outside wall,
so that its temperature is set by the competition between heat gain from the
building, which will always be between25� C and 18� C, and the heat lossto the
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Figure 1: The principle of conser-
vation heating: the indoor tempera-
ture is raised to a value that would
give the outside air the desired rel-
ative humidity at the indoor tem-
perature. This is the monthly av-
erage climate diagram for Copen-
hagenwith the required temperature
to achieve 45% RH superimposed
(heavy line). In practice, houses
haveso little temperature and mois-
ture inertia that constant adjust-
ment of the temperature is made,
using a humidistat.

Figure 2: The calculated tempera-
ture for the Arnemagnaean archive.
In this diagram the indoor tempera-
ture is calculated continuously: it is
a smooth curve becauseof the ther-
mal insulation and the heat capac-
ity of the massive concrete walls.
The continuous record of the outside
temperature is smoothed to showthe
approximate resemblance to the pat-
tern of the two lower tracesin �gur e
1. The temperature data are from
the test reference year for Copen-
hagen.

exterior, which will vary between30� C and {10 � C, if it is in Copenhagen.This
gives an approximation to conservation heating (�gure 2). Fine tuning of the
interior RH is achieved by pumping in outside air when, by chance, its water
vapour content will push the interior RH towards the desiredvalue.

Climate control by injection of outside air

The climate control in this archive depends for its accuracy on the natural
variabilit y of the weather. There are warm, humid days even in winter, and
chilly but dry days in summer. If the temperature inside the room is not too
far from the ideal value for conservation heating, basedon monthly averages,
it will occasionally happen that the outside air has a suitable water vapour
concentration to correct the error in the inside RH.

Figure 3 shows three graphs, for spring, summer and winter. The inside
RH is set to 45% and the temperature is set to the value noted in the bottom
left corner of each graph. The outdoor water vapour concentration from the
climate record for the year 1999 is compared with the indoor water vapour
concentration corresponding to 45%RH and the temperature indicated on each
graph. The �lled areasof the graph show the excessor de�cit of water vapour
in the outside air comparedwith the inside air. One can seethat in spring the
periods of excessand de�cit are nicely balanced but in winter, even at 10� C
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Figure 3: The di�er ence between the partial water vapour pressure (a measure
of water vapour concentration) in the outside air and within a room at 45%
RH and at three temperatures, corresponding to spring, summer and winter.
When the solid area is above the zero line, air can be pumped in from outside
to humidify the room, when the solid area is below the line, the outside air can
be used to dehumidify the interior. Climate data from Copenhagen's weather in
1999.

inside temperature, there are few occasionswhen the outside air contains more
water vapour and can thereforebe pumped in to raisethe inside RH. Conversely
in summer, there are few occasionsfor dehumidifying the indoor air by pumping
air in from outside (periods with shading below the zero line).

One complication of this processis that the room temperature will also
change,becausethe outside air will hardly ever be at the sametemperature as
the inside air. The thermal capacity of air is low, however, and a su�cien tly
massive room construction will give su�cien t thermal inertia. The insulation
thicknessneedsto be carefully calculated. If it is too thick, the temperature will
indeed be controlled by the air pumped in, if it is too thin, the interior temper-
ature will be too much a�ected by the daily variation in outside temperature.

For this climate control schemeto work there must be a balancebetweenthe
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Figure 4: The Arnemagnaean Insti-
tute is housed on the second 
o or
of this building of CopenhagenUni-
versity, seen from the south. The
archive is behind the windowless
portion of the west wall. The air
inlet is faintly visible.

Figure 5: A cut awaydiagram show-
ing the construction of the archive,
with the elements not shown to
scale. Notice that the insulation to
the outside, 50mm, is thinner than
the insulation towards the build-
ing, 200mm. The concrete walls
are lined on the inside with blocks
of a �nely �br ous and water ab-
sorbent calcium silicate material.
The length of the archive (10m) is
indicated on the wall of the building.

thermal capacity of the room, the thermal insulation and the balance of heat

o w from inside the building and from outside. There must also be a low air
exchangerate and a large moisture bu�er capacity.

None of theseconsiderationsare relevant in the designof normal buildings.
It is not surprising therefore that our protot ype for this simple climate control
was not realisedwithout setbacks.

The Arnemagnaean archiv e

The Arnemagnaean Institute of CopenhagenUniversity holds a collection of
Scandinavian documents started by Arni Magnusson in the early eighteenth
century . The Institute has recently moved to a new building (�gure 4). The
director was keento have the new archive as fail-safe as possible,and not only
climatically: it was designedto resist bombardment and accidents with heavy
machinery, which gave us a good start by ensuring considerablethermal inertia
in the massive structure.

There is a relative humidit y bu�er, 50mm thick tiles of porous concrete,on
the inside surfaceof all the walls. An aluminium tube brings outside air to the
far end of the archive, giving a degreeof temperature equilibration to the air
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beforeit enters the air spaceof the room. The serviceroom contains the pump,
which can draw in outside air through a �lter, or it can recirculate inside air
through a pollution �lter. This recirculating system can also be coupled to a
dehumidi�er if it provesnecessaryduring the initial drying of the room, which
takesseveral years. The door �ts well. The natural air exchange,with the room
in typical use, was measuredat 0.05 changesper hour. There is �bre lighting,
a carbon dioxide detector for trapp ed personneland other safety features that
do not concernthis discussionabout the climate.

The climate in the archiv e

It is too early to evaluate the ultimate accuracy of RH control, becauseof the
continuing slow drying of the concretewalls, but we can show evidencefor the
e�ectiv enessof the control and for the good thermal and moisture bu�ering by
the construction. The ultimate performancewill only be attained after a period
of re�nement of the control algorithm. From experiencein similar stores, this
tuning processwill take about �v e years.

The climate record (�gure 6) for two winter months shows the very stable
climate, holding exactly the speci�ed 50% relative humidit y, though the tem-
perature is slightly higher than predicted. The carbon dioxide concentration is
a useful indicator of the air exchangerate of the room, which is about one air
changeevery two days. This slow exchangeallows the room to bu�er its relative
humidit y e�ectiv ely, even though the absolute humidit y outside was below that
inside for nearly the entire two month period.

The interior of the �lled archive is shown in �gure 7. A typical document is
shown in �gure 8. The moisture bu�ering capacity and speedof reaction of the
collection is not large: much of the spaceis air within the boxes and the box
material is hard glazedcard or plastic that exchangesmoisture slowly with the
atmosphere.

The construction pro cess

There were many setbacks during the construction of this small archive. The
new buildings of CopenhagenUniversity are almost identical blocks, so any de-
viation from the standard speci�cation is likely to be passedover asthe builders
work to a familiar routine. The insulation on the outside was �rst installed in
the usual thickness, so the stone facade had to be torn down to put in the
thinner insulation. That was only discovered when we observed that the inside
temperature was much higher than calculated, so we can thank the thermal
computer model for revealing the error. The painters also were on auto-pilot:
putting three coatsof plastic paint over the interior wall, wherewe had speci�ed
a single thin coat of silicate paint, to prevent dusting but to allow water vapour
to passthrough. The operators of the computer which controls the heating of
the entire building still do not appreciate that we need continuous records of
the interior and exterior climate and of the functioning of the fan which blows
air into the room. A requirement for hourly records in digital plain text for-
mat was written into the contract but seemsto be such an unfamiliar demand
that we still do not have usabledata from the building control computer, more
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Figure 6: The climate within the Arnemagnaean archive for January and Febru-
ary 2005. The collection was installed in March and April of the previousyear.
The RH is very stable, the temperature varies slowly but is somewhatwarmer
than predicted. The sharp peaks of the carbon dioxide trace show when the
archive is being visited. The decay of the concentration showsthe airtightness
of the room, with about one air changeper day. At the very beginning of this
period the absolutehumidity (AH) outside rose brie
y above the inside value,
so air was pumped in, causing two humps in the inside RH. For the rest of
the period the absolutehumidity was always lower outside than inside, so the
archive maintained its relative humidity through bu�ering by the walls and by
the archive, without any contribution from the outside air.

than a year after the system was installed. The concept of a building whose
climate is controlled by gently nudging a naturally stable climate, rather than
by instantaneous reaction to deviations from set values, is utterly alien to the
ventilation professionand this is a seriousproblem for archivists trying to make
robust, fail safestores.

The room began to stink as soon as the door was �tted and the air change
rate reached its planned value of near zero. Testsof the individual materials in
the room traced the smell to the phenolic binder of the mineral wool insulating
slabswhich were placedunder the concreteceiling in a late designchange. The
smell is now abating and the �lled room is surprisingly odour free.

We have to follow the evolution of the climate for several years, to adjust
the control calculations. We needmore experienceto de�ne the optimal cycle
of temperature and relative humidit y throughout the year, which gives min-
imum chemical degradation and minimal mechanical stress to the collection
while avoiding the high RH that allows microbiological growth. The successof
this re�nement processdepends on us getting the climate data from the con-
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Figure 7: The interior of the Arne-
magnaean archive. The walls are
of porous calcium silicate blocks,
50mm thick, coated with silicate
paint. Behind this surface is 240
mm of reinforced concrete slab. The
lighting is from �br es conducting
light from outside the archive. The
furnishings are metal with a baked
�nish with low emission of volatile
chemicals.

Figure 8: A typical document in its
container. The bu�er capacity of
the collection is not great, becauseof
the generous space allowed for each
item. The outer containers have
a non permeable �nish. Moisture
bu�ering by the walls is essential to
the functioning of this archive.

trolling computer and the �nance to do the work. For all the hype about energy
e�cien t and ecologically sensitive building, the industry maintains a frustrat-
ing tradition of in
exibilit y, which is perhaps necessaryfor the completion of
complicated jobs involving many trades.

Conclusions

It is possibleto provide high quality climate control in a store room within an
inhabited building by combining thermal inertia, moisture bu�ering and occa-
sional pumping in of outside air to correct the drift of the inside RH away from
the set point. Heating to a constant RH, as used in preserving historic struc-
tures that are uninhabited, is not applicable to a tightly packed, airtigh t store
room, becausethe relative humidit y responds to heating in an unpredictable
way. One must hold the temperature somewherenear the seasonalvalue that
will give the desired RH. This is most cheaply achieved by placing the store
room adjacent to an exterior wall, adjusting the insulation thicknessesso that
the temperature lies between the indoor temperature, which is fairly constant
through the year, and the running average of the outside temperature. Free
standing buildings can be designedwith solar heating or heat pump to provide
the relatively small heat input that is neededfor this method of climate control.
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It is not yet possible to predict the course of the RH in such a system,
though the temperature can be modelled su�cien tly accurately. The building
will take someyearsto dry to the �nal equilibrium, so the control routine must
be adjusted during the �rst few years. Surprisingly, one of the most di�cult
parts of the entire processis getting reliable delivery of the climate data in a
simple digital format.

Full air conditioning is completely unnecessaryin a heavily built store which
bu�ers both temperature and relative humidit y. The limit for this technique is
set by the local averageannual temperature. It is only suited to regionswhere
the summer averagetemperature is below about 25� C.
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