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ABSTRACT

‘The climate maintained within a library s the result of a compromise between the climatic needs
of the readers and the staff, the climatic needs of the structure of the building, the need to
minimize the deterioration rate of the collection, and the maintenance demands and running costs
of mechanical air-conditioning. Passive climate control by careful design of storage containers and
by slowing down the heat and moisture transfer through walls allows simpler air-handling systems
that are less troublesome, less costly to run, and less dangerous if they fail. Orthodox air-
conditioning systems can produce air at a dew point of about 5° C, allowing the building to be held
at 18° C and about 42 percent relative humidity (RH). A lower temperature can only be obtained
by allowing the relative humidity to rise, or vice versa. A lower dew point can be obtained by
drying the air with a silica gel desiccant system after the initial dehydration with a cooling coil.
Bound books are liable to physical damage below about 35 percent RH, however, and people feel
cold below about 18° C. Therefore, colder or dryer conditions are only suitable for carcfully
insulated storage vaults, in which only a minimum amount of air need be circulated. The relative
humidity in vaults should be maintained slightly below that in the reading room so the moisture
content of the book does not change when it is warmed for the reader. A stable relative humidity
is desirable, but the value can be chosen, within the limits of 40-62 percent, to take account of
peculiarities of the local climate and of the building. Buildings which are humidified in winter may
be damaged by condensation and freezing of water in the walls. Sudden changes of relative
humidity can be entirely prevented by enclosing books in close-fitting, nearly airtight containers,
which are safe if there is no permanent temperature gradient from one side to the other and no
sudden temperature drop around them. The small danger of locally generated air pollution can be
minimized by sealing interior wooden surfaces and by incorporating alkaline buffercd paper into
boxes and shelf liners.

Introduction

Cool air of moderate and stable relative humidity is good for books. This happy state
is attained by a combination of a congenial local climate, a suitably constructed
building envelope, good internal layout, mechanical air-conditioning, and passive
climate control through well-designed containers for the books and documents. This
article is an attempt to bring together the concerns of the architect, the air-
conditioning engineer, the paper chemist, the conservator, and the librarian so that
each can understand the difficulties facing the others as they try to achieve a good
climate for conservation. I will not try to define the ideal climate for storage of
documents. Tight specifications, laid down without regard for the problems of a
particular building, in a particular climate, and with particular limitations in local
skills, are a major cause of eventual dissatisfaction with the results.

This article begins with a description of mechanical control systems for indoor
climate; continues with a description of the needs of the collection and how the
characteristics of equipment and of the building structure set limits to the climate that
can be imposed; and concludes with an account of the role of passive climate control.
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Relative Humidity and Dew Point

One of the difficulties that people have with discussions on climate control is
understanding the concept of relative humidity and why it is, for preservation people,
the significant measure of atmospheric moisture (1). For air-conditioning engineers
the important parameter is the dew point of the air, because this sets limits on the
climate that can be attained with orthodox methods (2).

Given a room full of air, at a comfortable 20° C, with a piece of paper in it, we can
add water vapor to the air and watch what happens to the paper. Without any water
vapor the paper will be rather stiff and brittle. As the amount of water vapor increases,
the paper becomes softer and larger. Eventually we find that we can add no more
water vapor to the air: It immediately condenses out on the walls if we try. Turning to
the paper, we see that it has become very flabby. If we measure the water content of
the air at this time, we find that the most we can add is 0.015 grams per gram of dry
air. This quantity is 2.4 percent of water vapor by volume. The typical water content of
air at this temperature (20° C) in everyday, outdoor life is about two-thirds of this
value. Rather than quote the absolute value of the water content, we say that the
relative humidity is 67 percent. The relative humidity (RH) expresses the atmospheric
water content as a percentage of the maximum possible water content at that
temperature. It is a ratio, not a concentration.

The convenience of using, and thinking in terms of, relative humidity only becomes
apparent when we consider the situation at a different temperature. At a room
temperature of 10° C, for example, the maximum amount of water vapor in the air will
be 1.2 percent, just half the amount that could be accepted by the air at 20° C. If we
now turn to the paper, however, we find that it is just as limp as it was at the higher
temperature, with the higher value of atmospheric water vapor. The paper would,
however, be quite crisp in air at 20° C with 1.2 percent of water vapor. Thus the paper
responds mainly to the value of the relative humidity rather than to the value of the
moisture content. Actually, this is not surprising: The paper is responding to the
potential for action of the water rather than to its absolute amount (3). To put it
another way, the wateriness of the air depends on how close it is to saturation rather
than on how much water it contains.

After saying this, I must now point out that the moisture content of paper, and
therefore its stiffness and dimensions, is not exactly dependent on the relative
humidity alone. There is a small temperature dependence which can usually be
neglected in buildings held at a normal comfortable temperature. This effect needs to
be considered in studies of the influence on paper of cold storage and of heat
sterilization processes.

The 1.2 percent of water vapor that only half saturates the air at 20° C completely
saturates the air at 10° C. This particular batch of air, whatever its actual temperature,
has a "dew point" temperature of 10° C. If it is cooled below 10° C, water will condense
out.

The Technology of Climate Control

The simplest way to control the climate in a building is to distribute air from a central
conditioning plant through ducts to the individual rooms. An air-distribution system
allows control of dust, pollution, and humidity as well as temperature regulation, all
within the same system.

Let us build up a typical air-conditioning system (Figure 1) piece by piece (4). A fan
blows air through a duct into the room. Upstream from the fan there is a heating coil






