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Reusing maintenance monitoring data on preventive
conservation

Maria de la Paz Diulio, Pilar Mercader-Moyano, Analia Gomez

Abstract: The indoor climate of libraries and archives is determinant for the preservation of their collections, as temperature and
relative humidity can trigger other damage factors. Standards and literature recommend to perform long term monitoring to
understand the climatic history where the goods were kept, instead of follow rigid and arbitrary conditions. This trend is sustainable
and environmentally friendly, but adds a new duty to the overloaded staff. We present two technical advices sustained in monitoring
records produced to assess the HVAC equipment and reused to preservation purposes. The first is a library collection transferred from
a historic building to a new building, and the second is a deposit room supplied with de-humidificators, where the analysis evidenced
a very low humidity ratio. The main conclusion is that a synergetic use of monitoring data can improve the indoor climate of the
collections and reduce the energy demand for preservation.
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Reutilizacion de monitorizacion de mantenimiento para conservacion preventiva

Resumen: El clima interior de bibliotecas y archivos es determinante para la preservacion de sus colecciones, ya que la temperaturay la
humedad relativa pueden desencadenar otros factores de dafo. Las normas y la literatura recomiendan realizar un seguimiento a largo
plazo para comprender el historial climatico donde se mantuvieron los productos, en lugar de seguir condiciones rigidas y arbitrarias.
Esta tendencia es sostenible y respetuosa con el medio ambiente, pero afade un nuevo deber al personal sobrecargado. Presentamos
dos consejos técnicos sustentados en registros de seguimiento elaborados para evaluar los equipos HVAC y reutilizados con fines de
conservacion. El primero es un fondo de biblioteca trasladado de un edificio histérico a un edificio nuevo, y el segundo es una sala de
depésito equipada con deshumidificadores, donde el andlisis evidencié un indice de humedad muy bajo. La principal conclusién es
que un uso sinérgico de los datos de monitoreo puede mejorar el clima interior de las colecciones y reducir la demanda de energia para
la preservacion.

Palabras clave: conservacidn preventiva, sostenibilidad, clima interior, vigilancia ambiental, patrimonio cultural

Reutilizacao de monitorizacao de manutencao sobre conservacao preventiva

Resumo: O clima interior das bibliotecas e arquivos é determinante para a preservacao das suas coleccdes, uma vez que a temperatura e
a humidade relativa podem desencadear outros factores de dano. As normas e a literatura recomendam a monitorizacdo a longo prazo
para compreender a histéria climética onde se acondicionam os bens, em vez de seguir condi¢des rigidas e arbitrérias. Esta tendéncia
é sustentdvel e amiga do ambiente, mas acrescenta um novo dever ao pessoal sobrecarregado. Apresentamos dois conselhos técnicos
sustentados em registos de monitorizacdo produzidos para avaliar o equipamento HVAC e reutilizados para fins de preservacao. O
primeiro é uma coleccdo de biblioteca transferida de um edificio histérico para um novo edificio, e o segundo é uma sala de depédsito com
desumidificadores, onde a andlise evidenciou uma humidade muito baixa. A principal conclusao é que uma utilizacdo sinergética dos
dados de monitorizacdo pode melhorar o clima interior das colec¢des e reduzir a procura de energia destinada a conservacdo preventiva.

Palavras-chave: conservacédo preventiva, sustentabilidade, clima interior, monitorizacdo ambiental, patriménio cultural
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Introduccion

The preservation of collections housed in museums,
archives and libraries is a challenge for conservators,
registrars, engineers, librarians and designers, among other
disciplines. In this sense, many institutions that preserve
Cultural Heritage (CH) focus on improving the collection
environment to the highest quality possible, while in turn
need to reduce their operating and maintenance costs. This
necessity is not exclusive to CH: countries in the European
Union are encouraged to reduce carbon emissions as
subscribers to global agreements. But it is not everything
about energy efficiency and emissions: the preservation
of valuable and irreplaceable collections is an intrinsically
sustainable activity itself as we are caring historic goods for
the enjoyment of future generations (Luciani and Del Curto
2018).

Preventive conservation is a discipline that acts on the
context of the property to be preserved, it is concerned with
creating adequate conditions in the direct environment of
the elements so as to delay or prevent the natural aging
that all materials suffer due to time effect (ICOMCC and
ICOM-CC 2008). The main environmental factors affecting
conservation are light, pollutants, temperature (T) and
relative humidity (RH) (Daniel et al. 2000), but we are
focusing on T and RH as it depends on those factors to
trigger conditions of mechanical, chemical and biological
risk like brittlement, foxing, moulds, pests, discoloration,
yellowing .

State-of-the-art HVAC systems are capable enough to
provide accurate T and RH conditions with high efficiency,
with different costs depending on the outdoor climate
and the performance of the envelope. But the set point
configuration of the HVAC is seldom part of a conscious
debate. Scientific evidence shows that, in addition to being
sophisticated and expensive, maintaining stringent targets
does not guarantee conservation, and can be unsustainable
for the management of museums (Silva et al. 2016). Yet,
they are still frequently used. The paradigm shift arises in
2010, admitting new safety parameters that allow mobile
climatic intervals according to the proofed fluctuation that,
as well as improving the conservation of property, are more
economical in terms of energy since they contemplate
previous climatic cycles (Padfield et al. 2014 ; Henry 2007
; CEN 2011; ASHRAE 2019; Michalski 2007; UNI 1999;
Pagliarino 2019; ICC and ICOM-CC 2014; Serota and Jones
2008).

The staff of the Institutions has now new tasks: to acquire
instruments, to perform long term monitoring, and to
analyze periodically the retrieved data. As material and
human resources are always scarce, this is not easy. In our
research path, studying the indoor climate for conservation,
we run into the problem of missing T and RH data, and we
were able to solveit thanks to the synergeticcommunication
within the Institution: the library staff noticed us that there
were dataloggers and who were they from.

The objective of this article is to present two technical
advices related to the indoor climate of library rooms,
sustained on the reuse of long term monitoring data,
originally produced by the maintenance department with
the aim of assessing the HVAC equipment.

The rest of the paper proceeds as follows. Section 2
presents background on indoor climate assessment, and
related work in the area. Section 3 describes the case study
institution and the general methodology performed to
analyze monitoring data. Section 4 presents the results
of the methodology applied to the climate data of both
library rooms. Section 5 discusses the results obtained
with the literature and the limits of our methodology, and
section 6 presents the conclusions.

Background

Martens has already explained how poor definition of
standards and a lack of understanding of the underlying
physics lead to irrational, expensive and sometimes
damaging distortion of the way museums are built and
operated (Martens 2012). The average RH ideal value of
55% attributed to Thomson (1986) was deliberately chosen
because early observations showed that fixing humidity on
average levels of the cold northern-Europe winter would
prevent the most evident damage (Brown and Rose 1996).
But in cold climates, with low moisture content, winter
heating will reduce ambient internal humidity to below
20%. To fix this issue, mechanical humidification can add
moisture, but rising dew point promotes condensation
or even dampness above the envelope of the building,
meaning the constructive layer or set of layers of enclosure
that separates the indoor rooms with the exterior. Wet
layers may cause damage to the building itself.

In order to preserve collections and historic buildings as
well the economy of CH institutions, that are struggled by
the cost of maintaining stringentindoor conditions to reach
literature and loan prescriptions, new research legitimate
the paradigm shift: the ASHRAE Handbook (2011), PAS 198
(British Standards Institution. 2012), and European Standard
UN 15757: 2010 (CEN 2011), that provide specifications for
the control of T and HR in order to limit the mechanical
damage induced by the climate to hygroscopic materials.
This is called proofed fluctuation: when it has been proven
that the microclimate is not harmful, the historical climate
of the space where the object is preserved and adapted
can be kept. It is based on the acclimatization concept that
is the process in which materials exposed for prolonged
periods to a given environment with fluctuations of T and
RH accumulate sufficient internal stress as to produce
breaks, and these breaks open and close as if they were
expansion joints. The adaptation to the fluctuations should
not be interpreted as a positive factor since these internal
fissures in fact constitute a form of damage, so any variation
of the oscillations entails a new acclimatization, and new
damage. The procedure suggests climate bands instead of
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targets, with extra limits for daily and seasonal variations
according the climate class the institution is applying. This
is why it is convenient to know clearly where those limits are
for each collection, to avoid wider excursions.

Silva et al. (2014) pointed that when applying EN 15757
methodology in temperate climates, short-term fluctuations
are limited too rigidly for buildings that do not usually have
HVAC systems and interiors climates largely depend on the
variations of the outdoor climate. The method described in
EN 15757 assumes that the short-term fluctuations cause
a higher risk, and limits their range significantly, therefore
the authors considered that it is necessary to adapt this
methodology to ensure a reliable application in temperate
climates based on EN 15757, but influenced by ASHRAE
specification and UNI 10829. They also propose a sequential
process to determine an optimal indoor microclimate that
reaches a balance between HVAC efficiency, conservation
needs and thermal comfort of visitors. As a result, they
propose seasonal T and RH ranges based on monitoring data
collected ad hoc the precedent year in a national museum of
Portugal (Silva et al. 2016).

Kramer et al. focus their study on obtaining a right setpoint
configuration for the HVAC system of museums that
contemplates T and RH for the comfort of the visitors and the
needs of the collection. The algorithm is based on monitoring
and dynamic simulation, and works for four different
qualities of envelope, and all of the ASHRAE climates classes,
assuming that however the envelope of the building may
be, an efficient setpoint strategy is the first step for reducing
the energy demand of the museum (Kramer, van Schijndel
and Schellen 2017).

When a collection is in the same location through the years,
it is natural that the climate band repeats itself as a pattern,
but when a collection is going to be transferred, the climate
history is a strong preservation argument to imitate the
former climate in the new location, when the conservation
state is good. This research presents an extra profit of
performing indoor monitoring, using existing data available
from the performance evaluation of HVAC system of an

Figure 1.- Main facade of the Royal Tobacco Factory. The authors.
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Institution. It consists on a decision tool applied on a case
study, the library of the University of Seville, being transferred
from a historic building to a new construction building. The
use of this methodology, well supported by standards and
recent literature, will permit a rational use of equipment and
energy, by the adoption of a conscious and cost efficient
determination of the climatic target (CT), understood as the
safety interval of T and RH for each collection, and based on
the historic climate of collections.

Materials and methods

— Case study

The Royal Tobacco Factory (Real Fabrica de Tabacos) is an
industrial building from 1757, in a neoclassical baroque
style, built by Sebastian Van der Borch, who was a military
engineer in charge of the Royal Factory. It is one of the larger
perimeter buildings in Spain: its rectangular plan has 147m.
by 185m., with 42,000 sgm. It has two main levels, and a
basement; the roof and mezzanine slab are performed by
square-shaped spherical cap vaults of 5.87m side [Figure
1]. Each vault stands over four pillars of a cross-section
sandstone. Facades are made of stone and bricks, and the
same materials were used for the vaults and interior walls
(Gonzalez-Garcia de Velasco and Gonzélez Vilches 2013).

Since 1954 and thanks to a government donation, it is the
house of the Rectorate of the University of Seville and the
Faculty of Humanities and Philology, and it is a protected
Cultural Heritage Monument since 1959 (Cano Arroyo 2014).
In this magnificent building lied the Antonio Machado y
Nufez Library, holding the historic archive and a valuable
collection of medieval codices, manuscripts, incunabula and
antique and rare books. In the basement level, the Faculty
of Humanities has its periodicals deposit, and, likewise the
rectorate Library, has afabulous historic collection arriving up
to the colonies period. The periodicals deposit is on the first
basement. As it is vulnerable due to the damp foundations
and possible flooding, it is fitted with dehumidifiers, that are
activated at the discretion of the staff.

In 2017, the University of Seville inaugurated a new building
forthe Library, placed 1.7 km away from the Tobacco Factory.
This new building complies all the Spanish regulations
of the Technical Building Code and the European energy
efficiency requirements. Regarding the microclimatic
control for the conservation of all its collections, it is fitted
with modern equipment that allows real-time monitoring
of the climate in each library room from the maintenance
offices of the University.

Maintenance personnel collected monitoring data of the
former building with the aim of observing if the climate is
adequate to comfort conditions, and to check the correct
performance of the HVAC equipment of the rooms, but any
institution datalogging indoor climate can perform the
proposed methodology.
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— General methodology

The methodology is based on a European Standard (CEN
2011), and the procedure involves 5 stages: i) the analysis
of the raw data from the datalogger, or data extraction;
ii) the calculation of the mobile average with 30 days’
period; iii) exclusion of the extreme values beyond the 7°
and 93° percentile; iv) determination of the maximum and
minimum limits of the band; v) selection of the climate
target.

- Data extraction

Data is provided by the maintenance department, which
practices long term monitoring of the historic building
rooms to control the HVAC system performance. They
use dataloggers Testo 175H1, logging T with a negative
temperature coefficient (NTC) thermistor with a precision
of £0.4°C; and capacitive sensor of RH with a precision of
+2%. The logging dataset includes T and RH from October
2015 to January 2016, and the moving average has a period
of 30 days, meaning that the climate target corresponds
to 15 days after the beginning (November 12nd) and 15
days before it ends (December 21st). The logging interval
chosen by the maintenance office was one minute, so only
a 16% of the records were kept and selected to obtain a
five-minute interval sample.

- Mobile average

Seasonal variation is the mobile average of every record
of the previous 15 days and following 15 days of each
individual reading. Short-term fluctuations are the
difference between a specific value and its 30-day moving
average. In practice it is a simple procedure in Excel: in a
5 minute dataset, add a trend line to the RH series with
“mobile average”format, and set a period of 8928, to include
288 registers a day (12*24) from the 15 previous and the 15
subsequent days. The result is a curve with softer edges,
without any extreme peaks and valleys [Figure 2].
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Figure 2.- Mobile average trend line example.

- Exclusion of the extreme values

According to EN 15757 the lower limit is given by the
7th percentile of differences between the moving
average and the real records and the upper limit is given
by the 93rd percentile of the difference between the
record and the value that the moving average takes for
that record. So, we exclude of the new safety band the
highest 7% and the lowest 7% of the excursions to avoid
the risks that imply the extreme peaks and troughs in
the registries.

However, if the procedure indicates that fluctuations are
less than 10%, it is considered unnecessary strict and
negligible, and the 10% band can be accepted under a
specialist supervision, like a conservator able to detect
early signs of damage.

-Selecting limits to the band

To determine the final safety band [Figure 3], some other
extra conditions are recommended: not to trespass
certain values in spite of the historic climate. These limits
are 40% as a minimum value for RH based on the risk of
frailty, since the lack of humidity turns the paper brittle.
The maximum value for RH is fixed in 60% (Bizot Group
2015). The development of bacteria usually requires
higher RH (Pavlogeorgatos 2003). Low values of T are
often safe over 16°C, excluding the risk of condensation
-limited by humidity band- but beyond 25°C should
be avoided as it accelerates chemical reactions, and
desiccates the external layers of the exposed materials,
raising the fragility level (Bizot Group 2015).

The process to incorporate this condition in Excel is
adding the”if”function, using as a logical test the premise
of being inside the range of 40% and 60% for humidity,
and being under 25°C for temperature. If the logical test
is true, then the top limit value for the band is the mean
average value plus the value of the 93rd percentile, and
the lower limit of the band is the mean average value
plus the value of the 7rd percentile (negative value). If
the logical test is not true, then the limits are fixed by the
range, 40-60% [Figure 3].

- Climate target

Once determined the safety band, it is necessary to select
one value to set the HVAC equipment. The interval of time
in which the thermostat is fixed (seasonally, monthly, or
weekly) is related to the availability of staff to modify
the thermostat, the capacity of the thermostat to save
different set points, and the precision aspired. A monthly
set point is more accurate than a seasonal set point, but
a weekly set point is not recommended because outdoor
weather is likely to change from one year to another. We
propose to set a monthly setpoint value calculated as the
average for each month of the mean average.
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As explained in section “Selecting limits to the band” besides
the limits given by the 7th and 93rd percentile [Figure
5], to determine the climatic band we are introducing
3 extra conditions with the extreme limits that prevent
also chemical and biological damage. The interval for the
target band excludes:

. RH greater than 60%,
. RH lower than 40%;
— . and T higher than 25°C
H i
EEEEE R BN o]
T (°C) HR (%) —MovAVT —DMovAVHR .
T sy L! — Lty - — —
Figure 3.- Safety margins example. N J | \
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the General Library of the University of Seville, and the

need of dehumidification equipment in the deposit of the
Philology Library of the University of Seville.
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From the original dataset, the first action is to filter and
order theregisters to obtain a logging interval of 5 minutes,
which means 288 registers per day. The second stage of
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As we are considering the heating period, it is noticeable
that the HVAC turns the air too dry [Figure 7], below the
limit of 40%, to fulfil the thermal comfort expectations
for people reading seated (1.0 met) with winter clothing
(1 Clo) (ASHRAE 2013) This is an issue useful to inform
and amend in the new location in order to prevent future
chemical damage and fracture risk of organic materials.

25

——ASHRAE 55. PMV.
20 Winter Clo. Met rate
1.0 (reading seated)

——Extreme RH (%)
limits

November - Library

o

December - Library

S
Humidity Ratio [gw / kgda]

Exterior November

4 Exterior December

5 10 15 20 25 30
Dry-bulb Temperature [°C]

Figure 7.- Psychrometric chart. Comfort zone and ideal RH zone in
the Library.

Finally, after the analysis, it is possible to determine the
set point climate interval that the institution can manage.
For the period analysed, the condition that contemplates
mechanical risk based on the historic climate and
biological and chemical damage based on extreme
limits is 45% and 23°C for November and 46% and 22°C
for December, showed in trimmed line in Figure 6. In
November humidification is needed.

—Periodicals deposit. Library — Faculty of Humanities

The periodicals deposit, placed in the basement level of the
Royal Tobacco Factory, is fitted with 2 de-humidificators
manually activated. We are using the monitoring
information to assess the indoor climate according to
mechanical, chemical and biological damage, and to
determine if the equipment is actually needed.

Figure 8 in the left shows a corridor of the periodicals
deposit, with metal shelving and a clean and well
organized collection. The picture in the right shows the
instrument set by the maintenance staff to control the
HVAC equipment: a Testo data logger displays the T and
RH at the visit moment (may 22nd 2017, 11:00AM) 24.8°C
and 32.9%, a day where outdoor condition was 23° and
57%. The unusual value for a supposed “humid” room led
us to dig into the long term monitoring. Figure 9 shows the
trend for T and RH, and while T is constant and safe, RH is
lower than literature suggests.

Figure 8.- Periodicals Deposit. Library of the Faculty of Humanities.
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Figure 9a.- Mobile average and target band of RH for Periodicals
Deposit
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Discontinuing the intermittent use of dehumidifiers will
reduce the energy demand of the equipment, release the
staff of emptying the buckets, and avoid the chemical
risk that an extreme dry environment triggers in the
collection. If dehumidifiers are to be used, they should
be humidistatically controlled based on RH sensors,
connected to the drainage system.

The detention of the de-humidificators will increase of the
absolute humidity in the air, and is going to approach the
T and RH to preservation conditions (green), and comfort
conditions (blue) as it is shown in Figure 10.

—ASHRAE 55. PMV. Winter
20 Clo. Met rate 1.2 (walking
relased)
—Extreme RH (%) limits

Exterior november

Exterior december

November - Newspaper
Deposit

Humidity Ratio [gw / kgda]

« December - Newspaper
Deposit

5 10 15 20 25 30
Dry-bulb Temperature [°C]

Figure 10.- Psychrometric chart. Comfort zone and ideal RH zone in
the periodicals deposit.

Discussion

Before the implementation of this procedure, the set
point for T and RH in the new Rector Machado Library
would follow instructions from literature, but would
ignore the historic climate of the collection, at the risk
of new mechanical damage. Besides the prescription of
the 15757 standard, the methodology also contemplates

y (IC  International Ins r Conservation
e of histori ks

the extreme limits of RH and the maximum level of T to
prevent biological and chemical degradation.

Silva (2015) agrees on the fact that 15757 standard is
suitable for cold climates, permitting larger long term
variations and smaller daily oscillations, but not for
temperate climates as Seville and Lisbon: not needing
permanent climate control, indoor climate suffers wider
short term fluctuation. This is why some extra limitations
are included.

For the determination of the full climatic band, the data
set should include, at least, 13 months of monitoring
information, but ideally, to have a consistent idea of the
historic climate of the collection, the data set should
include more than two years to perform a more complete
report, but that is a subject of further studies. As in this
case the monitoring was performed from October to
January, the climate band was calculated to assess only
two months of the period: November and December. But
the problems that the present assessment evidenced will
not change even under a longer dataset.

Conclusions

The monitoring campaign was performed with
maintenance scope, and it was reused in order to obtain
two main advices related to conservation.

The first is the ideal set point configuration for the heating
of the General Library Collection in its new building, in the
months of November and December based on the climatic
history of the goods preserved in each room, therefore, in
compliance with the new literature agreement to prevent
new mechanical damage. With this information, the
conservation responsible can consciously decide the T and
RH set point for the brand new building.

The second technical advice alerts the staff to
inappropiate use of mechanical de-humidificators in the
periodicals deposit, because the RH is already too low
and may provoke damage to the collection, like drying
and brittleness to paper. Another suggestion would be
to install humidistically-controlled dehumidifiers with
automatic drainage.

This conservation improvements are environmentally
friendly and also money-saving measures. They are
based on T and RH data, and this article is not only an
additional proof of the convenience of performing long
term monitoring for conservation porpoises, but an idea
for other institutions willing to improve their conservation
climate.

Finally, the main conclusion is that a synergetic
communication within an Institution is helpful to release
the staff of extra tasks, save money, and operate in a
sustainable way.

136



Maria de la Paz Diulio, Pilar Mercader-Moyano, Analia Gbmez

Reusing maintenance monitoring data on preventive conservation

pp. 130-138

Acknowledgements

Certain data and procedures from this work were collected
during the doctoral research developed by Maria de la Paz
Diulio, entitled ‘Efecto de la envolvente arquitecténica en el
desempenio higrotérmico interior de bibliotecas y su relacion
con la conservacion preventiva” at Universidad de Sevilla and
Universidad Nacional de La Plata.

The authors want to appreciate architects and maintenance
personnel of Universidad de Sevilla for their priceless
participation. This work was supported by Bec.Ar Program
(Ministerio de Educacién, Republica Argentina), Universidad
Nacional de La Plata (UNLP), and Consejo Nacional de
Investigaciones Cientificas y Técnicas (CONICET) of Argentina.

The authors also wish to acknowledge Patricia Edith
Camporeale for her help in proof reading the article.

References

ASHRAE (2011). Chapter 23. Museums, galleries, archives, and libraries.
American Society of Heating Refrigerating and Air-Conditioning
Engineers. ASHRAE Handbook HVAC Applications (S| Edition). 1-22.
ISBN 978-1-936504-07-7.

ASHRAE (2013). Standard 55.“Thermal Environmental Conditions for
Human Occupancy!S.l.: s.n.

ASHRAE (2019). Chapter 24. Museums, galleries, archives, and
libraries. ASHRAE Handbook—HVAC Applications. S.l.: s.n., 1-46.

BIZOT GROUP (2015). NMDC guiding principles for reducing
museums’ carbon footprint.. S.l.:

BRITISH STANDARDS INSTITUTION. (2012). Specification for Managing
Environmental Conditions for Cultural Collections. Pas 198: 55.

BROWN, J.P. and ROSE, W. (1996). Humidity and moisture in historic
buildings: the origins of building and object conservation. APT
bulletin [en linea], 27(3): 12-23. Disponible en: http://www.jstor.org/
stable/1504411.

CANO ARROYO, D. (2014). Fondo antiguo y archivo histérico de
la biblioteca de la Universidad de Sevilla: un plan de conservacion
preventiva adaptado a sus necesidades conservativas y funcionales
[en linea]. [Consulta: 30 July 2018]. http://fondosdigitales.us.es/
tesis/tesis/2528/fondo-antiguo-y-archivo-historico-de-la-biblioteca-
de-la-universidad-de-sevilla-un-plan-de-conservacion-preventiva-

Conservation, 45(1): 45-50.  https://doi.org/10.1179/sic.2000.45.

Supplement-1.45.

GONZALEZ-GARCIA DE VELASCO, C., GONZALEZ VILCHES, M., (2013).
La cimentacidon por arquerias invertidas en el edificio histérico de
la Fabrica de Tabacos de la Universidad de Sevilla. Informes de la
construccion, 65: 465-470. https://doi.org/10.3989/ic.12.064.

HENRY, M. (2007). The heritage building envelope as a passive and active
climate moderator: opportunities and issues in reducing dependency on
air-conditioning. The Getty Conservation Institute, Tenerife Spain.

ICC and ICOM-CC (2014). Environmental Guidelines ICOM-CC and IIC
Declaration. [en linea)]. [Consulta: 22 July 2021]. http://www.icom-
cc.org/332/-icom-cc-documents/declaration-on-environmental-
guidelines/#.YPIEZ6YzaUl.

ICOMCC and ICOM-CC (2008). Terminologia para definir la conservacion
del patrimonio cultural tangible [en linea]. NuevaDelhi. http://ge-iic.
com/files/Cartasydocumentos/2008 Terminologia ICOM.pdf.

KRAMER, R. VAN SCHINDEL, J.,, SCHELLEN, H. (2017). Dynamic
setpoint control for museum indoor climate conditioning integrating
collection and comfort requirements: Development and energy
impact for Europe. Building and Environment, 118: 14-31. https://doi.
0rg/10.1016/j.buildenv.2017.03.028.

LUCIANI, A,, DEL CURTO, D. (2018). Towards a resilient perspective in
building conservation. Journal of Cultural Heritage Management and
Sustainable Development, 8 (3): 309-320 https://doi.org/10.1108/
JCHMSD-07-2016-0040.

MARTENS, MMH.J. (2012). Climate risk assessment in museums:
degradation risks determined from temperature and relative humidity
data. Eindhoven: Technische Universiteit. https://doi.org/10.6100/
IR729797.

MICHALSKI, S. (2007). The Ideal Climate, Risk Management, the ASHRAE
Chapter, Proofed Fluctuations, and Toward a Full Risk Analysis Model.
Contribution to the Experts’ Roundtable on Sustainable Climate
Management Strategies, The Getty Conservation Institute, Tenerife,
Spain.

PADFIELD, T., RYHL-SVENDSEN, M., LARSEN, PK., JAKOBSEN, M. and
JENSEN, L.A. (2014). Conservation physics: Climate control in the
archive of the Arnamagnaean Institute.

PAGLIARINO, A. Coord. (2019). Environmental Guidelines Update. [en
linea]. [Consulta: 22 July 2021]. https://aiccm.org.au/network-news/
environmental-guidelines-update/.

adaptado-sus-necesidades-conservativas-y-funcionales/.

CEN (2011). UNE-EN 15757. Conservacion del patrimonio cultural.
Especificaciones de temperatura y humedad relativa para limitar los
darios mecdnicos causados por el clima a los materiales orgdnicos
higroscdpicos. Bruxelles: Comité Europeo de Normalizacion.

DANIEL, V., PEARSON, C, COLE, I, GANTHER, W., KING, S. (2000).
Behaviour of museum buildings in tropical climates. Studies in

PAVLOGEORGATOS, G. (2003). Environmental parameters in
museums. Building and Environment, 38(12): 1457-1462. https://doi.
0rg/10.1016/50360-1323(03)00113-6.

SEROTA, N.JONES, M. (2008). NMDC Guiding Principles for reducing
museums carbon footprint. UK National Museum Directors Council;
Guiding principles for reducing museums’ carbon footprint, 2-4.

137


https://doi.org/10.1179/sic.2000.45.Supplement-1.45
https://doi.org/10.1179/sic.2000.45.Supplement-1.45
https://doi.org/10.3989/ic.12.064
http://www.icom-cc.org/332/-icom-cc-documents/declaration-on-environmental-guidelines/#.YPlEZ6YzaUl.
http://www.icom-cc.org/332/-icom-cc-documents/declaration-on-environmental-guidelines/#.YPlEZ6YzaUl.
http://www.icom-cc.org/332/-icom-cc-documents/declaration-on-environmental-guidelines/#.YPlEZ6YzaUl.
http://ge-iic.com/files/Cartasydocumentos/2008_Terminologia_ICOM.pdf
http://ge-iic.com/files/Cartasydocumentos/2008_Terminologia_ICOM.pdf
https://doi.org/10.1016/j.buildenv.2017.03.028
https://doi.org/10.1016/j.buildenv.2017.03.028
https://doi.org/10.1108/JCHMSD-07-2016-0040
https://doi.org/10.1108/JCHMSD-07-2016-0040
https://doi.org/10.6100/IR729797
https://doi.org/10.6100/IR729797
https://aiccm.org.au/network-news/environmental-guidelines-update/
https://aiccm.org.au/network-news/environmental-guidelines-update/
https://doi.org/10.1016/S0360-1323(03)00113-6
https://doi.org/10.1016/S0360-1323(03)00113-6
http://www.jstor.org/stable/1504411
http://www.jstor.org/stable/1504411
http://fondosdigitales.us.es/tesis/tesis/2528/fondo-antiguo-y-archivo-historico-de-la-biblioteca-de-
http://fondosdigitales.us.es/tesis/tesis/2528/fondo-antiguo-y-archivo-historico-de-la-biblioteca-de-
http://fondosdigitales.us.es/tesis/tesis/2528/fondo-antiguo-y-archivo-historico-de-la-biblioteca-de-
http://fondosdigitales.us.es/tesis/tesis/2528/fondo-antiguo-y-archivo-historico-de-la-biblioteca-de-

Ge-conservacion n° 22/ 2022.1SSN: 1989-8568

GRUPOQ ESPANOL

SILVA, H.E., HENRIQUES, FM.A. (2015). Preventive conservation of
historic buildings in temperate climates. The importance of a risk-
based analysis on the decision-making process. Energy and Buildings,
107: 26-36. https://doi.org/10.1016/j.enbuild.2015.07.067.

SILVA, H.E., HENRIQUES, FM.A., HENRIQUES, T.A.S., COELHO, G., (2016).
A sequential process to assess and optimize the indoor climate
in museums. Building and Environment, 104: 21-34. https://doi.
org/10.1016/j.buildenv.2016.04.023.

SILVA, H.E. and HENRIQUES, FM.A.A. (2014). Microclimatic analysis
of historic buildings: A new methodology for temperate climates.
Building and Environment, 82: 381-387. https://doi.org/10.1016/j.
buildenv.2014.09.005.

THOMSON, G. (1986). The museum environment. Butterworths, in
association with the International Institute for Conservation of
Historic and Artistic Works.

UNI (1999). 10829. Condizioni ambientali di conservazione, misurazione
ed analisi. 1999. Milano: Norma ltaliana. Milano: Ente Nazionale di
Unificazione. CTI - Comitato Termotecnico Italiano.

Autor/es

Maria de la Paz Diulio
diuliomp@gmail.com

Universidad Nacional de La Plata (UNLP)
https://orcid.org/0000-0002-8821-5393

Doctora en Arquitectura (EIDUS en cotutela con UNLP) y Especialista
en Arquitectura y Habitat Sustentable (FAU UNLP). Soy investigadora
asistente de CONICET sobre modos de habitar y construir que
contemplen al ambiente, a la sociedad y al uso racional de los
recursos naturales. Mi tesis doctoral fue enfocada a las condiciones
higrotérmicas adecuadas para la conservacién preventiva del
patrimonio cultural, en el contexto actual de cambio climatico.
Actualmente soy Profesora Interina de Acondicionamiento y Confort
en UNRN, y mis objetivos se relacionan con tecnologias, energia, clima
y ambiente para lograr condiciones de confort en edificios del Alto
Valle de Rio Negro.

Pilar Mercader-Moyano

PMM@US.ES

Escuela Técnica Superior de Arquitectura
Universidad de Sevilla: Sevilla, Andalucia,
ES.
https://orcid.org/0000-0003-2180-4887

PhD Arch Universidad de Sevilla, Escuela Técnica Superior de
Arquitectura. Mi investigacién se enfoca en la rehabilitacion
ecoeficiente de edificios y barrios, abarcando aspectos de célculo
de huella ecoldgica, eficiencia energética, consumo de recursos
naturales, y emisiones de CO, en construccion. Soy Catedratica de
Universidad (US), y me interesa la innovacién y el uso de nuevas
tecnologias y materiales.

e .
, (IC  International Institute for Conservation
e of historic and artistic works

Analia Gomez
analia.gomez@fau.unlp.edu.ar
Universidad Nacional de La Plata
https://orcid.org/0000-0001-7057-354X

Arquitecta, Doctoranda en FAU - UNLP. Investigadora CONICET. Como
especialista en Conservacién Preventiva llevo adelante un grupo de
investigacion sobre la tematica en museos, archivos y bibliotecas
con el fin de implementar estrategias bioclimaticas que permitan
prolongar la vida de los bienes para las generaciones futuras. Soy
Profesora Titular Ordinaria de Instalaciones de Edificios en la FAU-
UNLP y Profesora Titular de Conservacion Preventiva en la FA-UMSA.
Actualmente me desempeno como Prosecretaria de Vinculacién
Tecnoldgica en la FAU-UNLP.

Articulo enviado 27/01/2021
Articulo aceptado el 27/11/2022

ooeo

https://doi.org/10.37558/gec.v22i1.901

138


https://doi.org/10.1016/j.enbuild.2015.07.067
https://doi.org/10.1016/j.buildenv.2016.04.023
https://doi.org/10.1016/j.buildenv.2016.04.023
ttps://doi.org/10.1016/j.buildenv.2014.09.005
ttps://doi.org/10.1016/j.buildenv.2014.09.005
https://orcid.org/0000-0002-8821-5393
https://orcid.org/0000-0003-2180-4887
https://orcid.org/0000-0001-7057-354X
https://doi.org/10.37558/gec.v22i1.901

