PRINCIPLES OF A PRESERVATION ENVIRONMENT

Basics in dealing with Temperature and RH Data
It's important to understand how the last several decades of preservation research (at IPI itself, and in many other institutions) have fundamentally altered basic approaches to analysis of temperature and humidity conditions for collections. In the past, the paradigms for environment control were based on target ranges of temperature and RH, and analysis consisted mostly of determining whether specific conditions were being met. Deviations from 'ideal' ranges were by definition undesirable. 'Flat lining' (absolutely unchanging T and RH) was seen to be the best for all collections, and had the added advantage that it was easy to look at a graph and tell if the lines on the graph were flat or not. 

Old and New Ways in Environmental Management

Research that closely studied how materials deteriorate showed that a single environmental condition could never really be ideal--not for the different components of a composite object, let alone for a collection consisting of many different kinds of objects. Ideal conditions for minimizing metal corrosion should be quite dry, while dryness shrinks wood and leather, threatening cracks and tears. Organic materials decompose at a rate that depends heavily on temperature, so the cooler the better for them. Some moisture is necessary to make parchment flexible, though too much moisture grows mold and causes permanent deformation. Every environment is a compromise in which various threats operate to greater or lesser degrees depending on the nature of the object and the prevailing conditions. Environmental threats are a continuum, not an on/off phenomenon. The simple notion of one-size-fits-all environments doesn't fit the scientific facts of collection deterioration. A more nuanced view, in which individual mechanisms of deterioration are considered separately, leads to much more effective environmental management.

The second big problem with targets and flat lining is that, with a few rare exceptions, no one can achieve flat line conditions. The air inside buildings is essentially outdoor air. It's cool and contains very little moisture in winter, while in summer it's warm and contains lots of moisture. In real life, HVAC systems smooth out some of the influence of outdoor conditions, but almost never do they produce the kind of flat lines that many people seem to expect. Novice data analysts almost always are surprised by how much variation appears on temperature and RH graphs. The key question in analysis of data is not whether fluctuations exist (they nearly always do) but what do they mean? Daily and weekly fluctuations are usually smaller in magnitude than seasonal ones. Seasonal changes are the most significant in determining the preservation quality of collection environments. Winter dryness and summer heat and high humidity are the most difficult preservation environment challenges.

Digging a little deeper into the historical background for ideal targets and flat lining reveals how these ideas came to be regarded as orthodoxy. Beginning around WWII, major art museums became more aware of the risks of excessive dryness and dampness with paintings and furniture. The conservation profession began to emerge and practitioners wrote about the necessity of controlling RH to avoid acute physical problems due to improper RH. They advocated monitoring of T and RH conditions and recommended an RH range (near 50 %) that minimized the risks of dryness and dampness to fine art collections. Temperature was less important for these kinds of physical risks to fine art, though temperature is more significant with library and archive collections. Gradually, consensus recommendations for 'ideal' conditions came to be something like 20°C (68°F) and 50% RH, with little permissible variation. 

Although even the early conservators themselves recognized the gross oversimplification that articulating an 'ideal' like this represented, a number of circumstances helped to shape the popular acceptance of these concepts. Monitoring of conditions (if done at all) was with weekly pen-and-ink charts made by hygrothermographs and without the power of computers to do extensive calculations or condense a whole year of data onto one graph. As a result, seasonal variations were hard to notice. Monitoring with weekly charts enforced a short-term perspective that worked against perceiving longer-term, more significant trends. Without computer analysis, no derived statistics or metrics were possible without extremely laborious hand calculations. Whether lines were flat or targets were achieved was about all one could learn from monitoring in this way. 

Because the focus of concern was the effects of RH on fine art materials, the importance of temperature was diminished, and it didn't seem to matter too much if the 'ideal' conditions were crafted to be at temperatures comfortable for humans. (Later research shows that cool temperatures are essential for some materials and beneficial to many, including the organic components of fine art objects.)  Gradually, steady RH near 50% at temperatures comfortable to humans came to be regarded as the very best conditions possible and the self-evident basis for assessing environmental quality. Everyone likes simplicity, and everyone likes to be comfortable. But it's important not to ignore the real influences of environment on collections and to confuse human comfort with the needs of inanimate collection objects.

Use Metrics, Not Targets, for Data Analysis
If striving for flat lines on graphs and controlling to a single 'ideal' condition isn't very practical or scientifically justifiable, what is the best approach to data analysis? IPI's research has focused on developing ways to quantitatively estimate the effect of environmental conditions on specific mechanisms (pathways) of deterioration. Based on its research, IPI has proposed a set of environmental metrics that can be used to assess and manage collection storage environments. The metrics are quantitative numerical estimates of the rate of environmentally-induced decay in collections, broken down into specific numbers for the risk of mold growth, physical damage, natural aging in organic materials, and metal corrosion. These estimates are derived from the observed T and RH data using algorithms created by IPI. Each metric integrates spans of time into a single value representing how the environment is likely to affect one particular form of deterioration, taking into account all the ups and downs of temperature and RH. This ability to integrate all the fluctuations in temperature and humidity into a single overall estimate of decay rate is a powerful feature for analyzing data. 

With targets, you're in or you're out. If you're out, there is little guidance on what that means, or what to do about it. It's particularly difficult to 'eyeball' the shape of T and RH lines on graphs and weigh the significance of deviations, attempting to balance their magnitude (how far from ideal) with their duration. Add to this the facts that both temperature and RH play a role, and that relative importance of temperature vs. humidity is different for various forms of collection decay, and the 'mental arithmetic' needed for eyeball analysis becomes very difficult.

The IPI Metrics consist of TWPI for natural aging, MRF for mold, and DC/EMC. One of their best features is that they always analyze data in the same standardized way. When there are many spaces to manage, it is extremely helpful to have quick, automated analysis. The metrics are very useful in flagging potential problems from a quick screening of the data. Although the metrics may be unfamiliar at first, after a little time working with them their value becomes apparent, especially when there are a number of datasets to analyze. 
Jim Reilly, 3 June 2008
PROJECT DESIGN

The typical goals of monitoring project in a museum, library, or archive are to better preserve the collection objects, protect building envelopes from damage, provide feedback on HVAC system operation, and save energy. For preservation of collections, designing a project using a standalone datalogger such as the PEM2 raises a number of immediate questions, including how many loggers will be needed and where they need to be placed.

Where to Monitor

 A good starting point is to assume that every separate space containing collection objects should have a monitor, unless there is a good reason not to. It’s helpful to list the spaces (working from floor plans or even simple sketches of floors and buildings) to get an overview of the scope of monitoring project before deciding how to eliminate some of them. 

Once you have the list of potential logger locations, one way to reduce the number of loggers is to eliminate those for which there is no reason to believe that the environment of a space is any different from a neighboring space. Look for any indication that space A has a source of heat, cooling, or moisture that is different from nearby space B. For example, if the building has ducts and air handlers (devices where room air is modified), two adjacent rooms served by same air handler may have very similar climates and might not need two monitors. Knowing a bit about the mechanical systems serving collections areas is helpful here. Another example might be rooms on the north and south facing exteriors of a historic house. They would likely have differing amounts of heating from the sun and may require two monitors to adequately assess the environment. Basements may have additional moisture from open drains or soil moisture that provide higher dew points (moisture content in the air) and therefore differ from above-grade spaces in the same building. 
Other considerations come into play in project design as well. When budget considerations dictate that only a few spaces can be monitored, it is necessary to make judgments about the most important spaces to monitor. The value and significance of certain collection objects and their environmental sensitivity should play a role in this decision, along with any known factors concerning the environment. For example, a space known to have a history of mold outbreaks, or a space served by a special environmental system (a vault or special showcase system) would be candidates for priority monitoring. 

Refer to Placing Monitors for more guidance on what to consider when deciding where to place your monitors.
Continuous Monitoring

Because seasonal variations in outdoor conditions are the most significant source of variation in indoor climates, IPI strongly recommends using a full-year of temperature and relative humidity data when analyzing your storage environments. Thus, it is important that monitoring where collections are stored or displayed be continuous throughout the year. Don’t move monitors around frequently because the most important source of variations affecting collections are seasonal. It’s a false economy to think that moving monitors around will stretch their effectiveness—it actually dilutes it. 
Precise Location Names

Another essential aspect of monitoring project design is the naming of monitored locations and organizing their associated files. This may seem trivial but actually is very important. Each location to be monitored should be given a unique, meaningful name. The difficulty is that spaces are often known by different names to curators, facilities managers, and collection staff. Depending on who is doing the naming, a space might be called “microforms storage” or “LF-202” or “the vault”.  Names ideally should be immediately meaningful to everyone who will make use of the data. They should be descriptive of that unique location, even when it is presented in the context of the entire institution.
Some other things to think about: Monitoring takes time at all phases of the project (deploying loggers, retrieving data, organizing files, analyzing data, and reporting). The bigger the project the more time it takes.
Advantages of PEMdata

Reducing the time necessary for the data retrieval and interpretation phases of a monitoring project was a key design goal for the PEMdata system. The fast upload of data to a USB ‘thumb drive’, followed by direct upload of the data from the USB drive to the PEMdata website both speeds up data retrieval and eliminates the need for any software to be installed on the user’s computer (any web browser and computer with web access will do). The preservation metrics and collection risks analysis found on the PEMdata website considerably simplify and streamline interpretation of the preservation quality of environments. 

CHOICE OF HARDWARE:

Define the Goals of your Monitoring Project

The choice of monitoring hardware depends on the purposes for monitoring and how the data will be used. Knowing why you monitor and what you will do with the data are key questions to answer before selecting hardware. Monitoring devices vary in size, accuracy, data capacity, ease of use, battery life, and of course, cost. Some have displays and some do not. Some are connected to computers via radio signals or network cables and thus can collect data in real time. Others, known as standalone dataloggers, store the data internally until it can be retrieved and ‘uploaded’ to a computer for graphing and analysis using a USB cable or portable memory card. 

To compare the specifications of several popular dataloggers, refer to IPI’s interactive datalogger comparision chart. 

Consider how you will Use and Interpret the data

The two most common mistakes that people make in museum monitoring projects are focusing on the price of the monitoring hardware and assuming that once they have temperature and RH data, its meaning will magically become clear. The reality is that making sense of data and putting it to practical use has always been the most difficult part of monitoring. Therefore, when purchasing dataloggers, it is important to consider how each datalogger will influence the final and most important part of the monitoring process: interpreting the data.  Desirable characteristics in a standalone datalogger device for museum monitoring are simplicity in use, accuracy, reasonable cost, a display, and an easy link to the computer where interpretation and graphing of the data will take place. 

Practical Concerns

For many general purpose monitoring projects, and especially in museums, historic houses, libraries, and similar applications, the choice of monitoring hardware should take into consideration some practical issues that are often more important in the long run than initial purchase price. One is the time it takes to set up, deploy, and periodically collect data from standalone loggers, which usually require installing and learning the logger’s own software before you can start collecting data. 

PLACING MONITORS:

Consider these elements when determining where to place monitors for gathering environmental data:

1.
Your building(s)

2.
Your mechanical system(s)

3.
Your collections

4.
Additional concerns

1.  Your Building(s)

If you store collections in several buildings with different climate control systems, you may want to have data from each type for comparison. Landmark Facilities Group, Inc. has devised a classification system for buildings or rooms with three climate control categories. Each category has two classifications. They are:

Uncontrolled Building – no installed system for heating or cooling.

No mechanical devices. Basically, an open structure with an environment that equals the outdoors.

Ventilation only. No systems for heating or cooling, but sides and roof are enclosed.

Partially Controlled Building – some kind of mechanical system installed to provide temperature control only.

Heating and ventilation. Limited climate control consisting of low level tempered heating and exhaust ventilation. Single glazed windows, no insulation or vapor barriers present. No humidity control.

Basic HVAC – a ducted system of heating and cooling, may be capable of limited humidification and dehumidification re-heat. Low air filtration usually, modest insulation, storm windows, attics insulated and vented to the outdoors. Capable of year round temperature control and limited humidity control.

Climate Controlled Building – generally specifically designed to be humidified, with systems that can accurately control both temperature and humidity levels year round.

Climate control with drift. Ducted HVAC systems with devices to mechanically humidify and perform process logic to dehumidify. Scheduled seasonal drift is intentionally selected, usually to prevent winter time condensation and/or to reduce the cost of maintaining low summer temperature and humidity levels. Usually well insulated with good vapor retardant characteristics.

Special constant environments. Specifically constructed to meet specialized environmental needs, with precision climate control components. Can hold constant temperature and humidity levels within defined limits.

2.  Your Mechanical System(s)
Consider your outdoor climate first – all the air in your storage environment comes from the outside, and is then moderated by heating and cooling. Your mechanical system may also involve humidification in winter and dehumidification in summer. You can download NOAA data on the environment in your area on the “Upload a Data Set” page.

· Note seasonal trends and variations in temperature and humidity. 

· Note daily relative humidity fluctuations. 

· Look at the dew point, which represents moisture content, a major factor influencing the preservation quality of the environment. In most cases, the dew points are highest in summer, and lowest in winter. 

· Note the annual TWPI of the outdoor data, which represents the preservation quality of the environment in your location. This will determine the basic quality inside your building. You’ll note a strong inverse correlation between high dew points and low TWPIs.

The environment in your collection storage areas may be provided by different mechanical systems. It is a good idea to monitor locations that differ because of the type and capability of the mechanical system that provides the storage climate. 

A typical large HVAC system will contain a chiller, a cooling tower, a boiler, and one or more air handlers. 

· The chiller provides cooling, circulating cold water to various air handler coils. Air passing over the coils is cooled, effectively cooling the space. 

· The cooling tower is used to dissipate the heat collected by the refrigerants as they are used in the coils. 

· The boiler produces either steam or hot water. Both can be used for heating purposes (used in the coils the same way as the chilled water) or for dehumidification. 

· The air handlers consist of a fan, filtration, and the coil. They are used to distribute the clean cooled or heated air.

Smaller institutions may use direct refrigeration or direct expansion units. These contain a packaged cooling system (coils, filter and fan) and a condenser mounted outside the building (serving the purpose of the cooling tower).

C.  Your Collection

Develop a basic understanding of the materials in your collection and how they are affected by the environment. Consider the following:

· Which collections are the most “valuable” – important, representative of your mission, central to your research and programs?

· Which collections are the most vulnerable to environmental damage? Which are most at risk of chemical, mechanical and/or biological deterioration? Which are vulnerable to corrosion?

D.  Additional Concerns

There may be any number of other concerns in your institution that impact your overall environmental monitoring plan. Some of these may include:

1. Historic environmental problems that you need impartial data to illustrate of justify the need for improvements.

2. Research into factors which may be influencing the environment – lights, fans, activity in the storage area, use of equipment in the space, etc. 

3. Verification of data provided by the Building Management System.

INTERPRETING DATA

Not surprisingly, to interpret data and manage the deterioration of collections, you have to understand how deterioration works and the various roles that environmental conditions can play in preservation or destruction of a collection. PEMdata is unique in data logger softwares because it offers guidance in these areas, by using quantitative metrics to rate the preservation quality of environments and by explicitly warning of risks and benefits to specific types of objects. 
Have a Long Term View:

A preservation environment isn’t something you fix, it’s something you manage.

IPI strongly recommends that a full-year of temperature and relative humidity data be used for analysis. Seasonal variations in outdoor conditions are the most significant source of variation in indoor climates. It is seasonal variations that produce the most damaging extremes and that pose the largest challenges to environmental management. The task of improving environments is mainly an effort to moderate summer heat and humidity and winter dryness, as well as the range of moisture contents that is created by the difference between them. Preservation metrics are most accurate when based on a full year of data which includes periods that are cool and dry, as well as periods of warmth and humidity.

Use Metrics, Not Targets, for Data Analysis
IPI’s approach to environmental monitoring emphasis’s a long term approach If striving for flat lines on graphs and controlling to a single 'ideal' condition isn't very practical or scientifically justifiable, what is the best approach to data analysis? IPI's research has focused on developing ways to quantitatively estimate the effect of environmental conditions on specific mechanisms (pathways) of deterioration. Based on its research, IPI has proposed a set of environmental metrics that can be used to assess and manage collection storage environments. The metrics are quantitative numerical estimates of the rate of environmentally-induced decay in collections, broken down into specific numbers for the risk of mold growth, physical damage, natural aging in organic materials, and metal corrosion. These estimates are derived from the observed T and RH data using algorithms created by IPI. Each metric integrates spans of time into a single value representing how the environment is likely to affect one particular form of deterioration, taking into account all the ups and downs of temperature and RH. This ability to integrate all the fluctuations in temperature and humidity into a single overall estimate of decay rate is a powerful feature for analyzing data. 

With targets, you're in or you're out. If you're out, there is little guidance on what that means, or what to do about it. It's particularly difficult to 'eyeball' the shape of T and RH lines on graphs and weigh the significance of deviations, attempting to balance their magnitude (how far from ideal) with their duration. Add to this the facts that both temperature and RH play a role, and that relative importance of temperature vs. humidity is different for various forms of collection decay, and the 'mental arithmetic' needed for eyeball analysis becomes very difficult.

Take Action: A Collaborative Approach

 Once the preservation quality of conditions has been measured, action may be required. Improvements in conditions will depend on having an understanding of how temperature, RH, and dew point interact, how the HVAC systems work in your building, and what sorts of adjustments are possible. 

Environmental Management: 
Comprehensive environmental management is a process which requires the detailed knowledge of a team of staff representing preservation, collections and facilities, who come together to consider all relevant factors and negotiate the optimal climate possible.  In practice, the storage environment you are able to achieve must be a balance between preservation quality, staff comfort, the ability of building envelopes and mechanical systems to modify the outdoor climate, and energy efficiency. The implementation of changes designed to improve preservation quality requires a process by which balanced and informed decisions can be made, with active participation from collection care and facility management staff. In our experience, a willingness to understand the mechanical systems already in place, the ability to gather environmental data and compute the metrics, and the creation of a working forum where collections, preservation, and facilities staff all work together is the ideal approach.

A Process Outline

Start-Up Activities  

· Develop a realistic approach for your monitoring project. Consider:

· Your Goals

· Your Budget

· Your Resources of Time, Staff, etc.

· Acquire the ability to monitor the actual environment. 
· Acquire the Tools:  Loggers, software (if necessary)
· Gather information about:
· Your local climate
· Your building design
· Your mechanical system
· The collections and materials in each storage area
· The activities that take place where collections are located
· Document the capabilities of the HVAC systems
· Systems are designed to moderate the outdoor climate
· Define the geography served by each HVAC system
· Define the capability of each HVAC system (heat-cool-dehumidify-filter)
· Define the seasonal capabilities (summer vs. winter dewpoint)

· Identify any malfunctions that compromise the system’s ability to deliver the best possible climate at all times

· Set up a Preservation Management team to: 

· Define what the critical vulnerabilities (most important kinds of environmentally-induced decay for example) are for collections stored in the space(s) served by each mechanical system. 

· Determine the lowest temperature that collections area staff and occupants will accept. 

· In consideration of above, negotiate the “optimal” environment for each collection area expressed in measurable metrics, not simply targets for T or RH
· Implement any system repairs indicated
· Adjust system settings and control to achieve optimum performance
Ongoing Activities  
· Monitor the actual environment

· Compare the actual to optimal

· Correct any deviations

