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Foreword

This document (EN 15759-1:2011) has been prepared by Technical Committee CEN/TC 346 “Conservation of
cultural property”, the secretariat of which is held by UNI.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by May 2012, and conflicting national standards shall be withdrawn at the
latest by May 2012.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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Introduction

Churches, chapels and other places of worship such as mosques and synagogues (referred to collectively in
the text of this standard as “places of worship”) are an important part of European cultural heritage. The
buildings and their interiors, containing cultural heritage objects, are documents of our heritage that society
agrees need to be preserved for present and future generations. The indoor climate is a critical factor in
conserving the fabric of buildings and the objects they house.

This European Standard is motivated by the need to reflect the special characteristics of places of worship,
conditions which are not addressed in standards for the heating of other kinds of buildings. The defining
characteristics of these buildings are their construction (often early building techniques); the fact that they
were not designed as living or working spaces; their intermittent use; and the vulnerability of their surface
decoration and contents. Originally, most historic places of worship had little or no heating. Nowadays,
buildings in cold climate regions may be heated in order to:

a) provide thermal comfort for worshippers, staff and visitors (referred collectively in this text as “users”);
b) improve the indoor climate conditions for the conservation of the building and its contents;

c) achieve a combination of (a) and (b) in buildings where both conservation and thermal comfort have to be
considered.

The conventional climate requirements for thermal comfort can sometimes be in conflict with the requirements
for conservation and may therefore call for compromise.

A decision on changing or replacing the heating system in a place of worship generally depends on a variety
of factors: the pattern of use of the building (e.g. frequency, numbers of users, opening hours for visitors), its
liturgical uses, the significance, condition, and vulnerability of the building and its often valuable contents,
thermal comfort of the users, costs (installation, operation and maintenance), energy efficiency and
sustainability, visual and audible impact, aesthetics, impact on the building structure, safety, and national laws
and regulations.

This standard provides guidelines in order to facilitate the best possible decision on behalf of the end users.
The standard is divided into the following steps:

a) assessment of the building, its interior and contents;

b) determine an indoor climate specification with respect to conservation and thermal comfort;

c) determine an appropriate heating strategy;

d) select and design an appropriate heating system;

e) implement the proposed changes;

f) evaluate the effectiveness of the heating system with respect to the specification.

This is the first standard in a series of standards on indoor climate and climate control in cultural heritage
buildings. The air exchange of a building has a fundamental influence on its indoor climate and climate
control; general considerations are given in Clause 5. Ventilation will be dealt with fully in the second part of

the series of standards on indoor climate in cultural heritage buildings, prEN 15759-2, Conservation of cultural
property — Indoor climate — Part 2: Ventilation.
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3.3
continuous heating
permanent heating of a building throughout the cold period of the year

3.4
cultural heritage
tangible and intangible entities of significance to present and future generations

3.5
dew point
temperature to which humid air must be cooled for water vapour to condense into liquid water

3.6
general heating
heating of the whole building volume

3.7
historic climate
description of the climate over a representative period of time

3.8
indoor climate
climate inside a room or a building

3.9
intermittent heating
heating of a building operated for limited periods of time

3.10
local heating
heating a limited space in the building

3.11
microclimate
climate in part of a building or a room where the climate differs from the surrounding climate

3.12

mixed mode heating

combination of continuous and intermittent heating, where the building is continually kept at a low temperature
and heated to a higher temperature only when it is used

3.13
natural indoor climate
indoor climate of a building without heating, forced ventilation or any other kind of active climate control

3.14
outdoor climate
climate outside of a building

<l
target range of RH variations
range of RH variations that must be maintained to avoid climate induced damages

3.16
thermal comfort
state of mind that expresses satisfaction with the surrounding environment

3.17
thermal stratification
vertical layering of air temperatures in a building
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4 General aspects to be considered before and during the application of the
standard

4.1 Overall objective of any intervention
The reason for a proposed intervention shall be clearly defined with respect to the conservation and use of the

building. As long as the historic indoor climate is not causing any damage, it need not necessarily be altered
unless change in use or other requirements make it necessary. Heating is not an objective in itself.

4.2 The individual character of the building

This European Standard is based on the notion that places of worship in general share enough common
characteristics for a standard to be meaningful. On the other hand, it recognizes that the control of the indoor
climate of each building is a complex task which requires taking into account many factors particular to the

individual building, its contents, its use and its context. Therefore, this European Standard shall be applied
with understanding and respect for the individual character of each building.

4.3 Professional support

The process of designing a new or altering an existing heating system shall be carried out by a
multidisciplinary team in close consultation with the users of the building. The team shall include all relevant
expertise, including specialists professionally qualified in the conservation of structures and heritage items,
and in all other relevant technical aspects involved.

4.4 The effect of installations
For all installations related to changes in the heating system, the following factors shall be considered:

— structural alterations to the building related to ducting, pipe work, cabling etc shall be avoided unless
absolutely necessary. The need for equipment rooms shall be considered at an early stage:

— installations involving damage to walls or the excavation of floors shall be subject to prior inspection
comment and agreement by the relevant experts and authorities. Special attention must be paid to hidden
paint layers and to the under floor archaeology of the building, including tombs and earlier construction
phases;

— reduction of additional damaging interventions, the lifespan of the proposed installations shall be given
greater priority than is generally the case for modern buildings;

— installations chosen shall be as visually unobtrusive as possible;

— account shall be taken of any light and sound emitted by heating installations which may be disturbing to
the users.

4.5 Sustainability and energy efficiency

Sustainability in general and energy efficiency in particular should be considered at each step in the
application of this standard. Given the specification for indoor climate based on conservation aspects and the
use of the building, heating strategies and systems shall be chosen in order to minimise the use of energy and
the environmental impact.

5 Assessment of building, interiors and contents

5.1 Building structure and its condition

Before deciding on a new or modified heating system, it is important to establish whether:

8
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— the perceived need for intervention is related to the climate envelope of the building itself rather than the
need for a new or improved the heating system;

— parts of the building would be at risk if the heating strategy or heating system was altered.
For these purposes, a condition survey of the building is required. The European Standard prEN 16096
provides guidelines for condition survey of immovable cultural heritage objects. In the survey, special attention

shall be paid to the building envelope: moisture transport, air tightness and thermal insulation. The survey
shall also include the condition and functionality of existing heating installations.

5.2 Building interiors and contents

The condition of the surface decoration and significant contents shall be surveyed. The European Standard
prEN 16095 provides guidelines on condition report, visual inspection and description of movable cultural
heritage. In the survey, special attention shall be paid to the condition of wall paintings, some of which may be
hidden under layers of plaster or paint, and to that of stone monuments, stained glass, painted and unpainted

woodwork, canvas paintings, textiles (e.g. banners), metalwork (e.g. lecterns and brasses) and objects of
mixed materials such as organs.

5.3 Use of the building

The initial assessment shall include a description of the heating demand in relation to the present and planned
use of the building, and is to take into account patterns of worship and visiting; liturgical arrangements,
performances and secular activities.

5.4 Air exchange

The air exchange of a building, whether it is due to mechanical ventilation, natural ventilation or infiltration,
(leakage) can have a significant influence on the indoor climate and hence on climate control decision-making.
Although this standard is limited to heating, it is essential to consider the two in tandem. When choosing a
heating strategy and designing a heating system, the following aspects of air exchange shall be taken into
account:

— unnecessary air exchange will increase both energy and power demand in order to counteract its effects
on temperature and/or humidity;

— depending on outdoor climate conditions in relation to indoor conditions, air exchange can sometimes
reduce humidity levels, sometimes having the reverse effect; therefore it has to be considered in parallel
with heating strategies designed to control internal humidity;

— controlled ventilation can be an alternative to heating when high humidity is a problem;

— air exchange creates air motions that may affect conditions both for thermal comfort and for conservation.

6 Specification for indoor climate

6.1 Determine the appropriate indoor climate

In order to determine the appropriate indoor climate with respect to conservation and thermal comfort, the
following steps shall be taken:

a) establish the historic indoor climate;
b) determine an indoor climate specification for conservation;

c) determine an indoor climate specification for thermal comfort;
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d) find a compromise between b) and c) if needed.

It is generally necessary to consult an interdisciplinary team of specialists for the full range of this task to be
covered. It must be fully understood that, without a proper analysis of past conditions or careful determination
of the proposed indoor climate specification, it is not safe to proceed to the next steps of the overall process:
heating strategy and heating systems.

6.2 Establish the historic indoor climate

In order to establish the historic indoor climate inside the building, measurements of temperature and relative
humidity (RH), according to EN 15758 and prEN 16242, are to be taken over a period of at least a year, and
any records consulted for earlier years. For reference, similar measurements shall be made for external
conditions over the same period and/or meteorological records consulted.

6.3 Indoor climate specification for conservation

6.3.1 General

This clause describes a process of determining an indoor climate specification for conservation. Based on the
survey, the specification for each building has to take into consideration a wide range of materials and
combinations of materials, both in the building itself and its interiors, for which specialists will often have to be
consulted.

6.3.2 Relative humidity

Relative humidity (RH) is generally the most critical parameter from a conservation point of view and shall
therefore be kept at a defined level and as stable as possible. RH depends on both the temperature and the
moisture content of the air. Attention shall be paid to the fact that in the immediate vicinity of surfaces RH is
determined by the surface temperature which may be significantly different from the ambient room
temperature. Determining a target range for the building means taking into consideration the steps and issues
isted below and adjusting a number of ranges into a common range. Experts shall be consulted when defining
the final target range.

a) Determine a target range for the RH variations to limit climate-induced mechanical damage in organic
hygroscopic materials according to EN 15757.

b) For materials other than those covered in EN 15757 such as metals and glass and in the event of salt
crystallisation, an expert shall be consulted to adjust the target range.

c) The allowable rate of change in RH shall be determined by an expert. Rapid changes in RH lead to
gradients of moisture contents across materials and corresponding differential dimensional response
resulting in stress. Slow changes in RH bring about a more uniform moisture distribution within the
materials but still cause an overall dimensional response which may lead to stress development in objects
and design layers restrained in their movement.

d) Determine an upper limit for RH to avoid biodeterioration: mould, rot, insects, etc. It should be borne in
mind that biodeterioration depends on a combination of RH, temperature and other factors.

e) Determine a lower limit for RH as some materials become brittle at low RH. The lower limit is to be
defined with respect to the most fragile material or combination of materials in the building.

fy The rate of degradation from chemical processes such as corrosion, oxidation and hydrolysis will

increase with RH. Given that the previous steps leave room for choice, a drier indoor climate is to be
preferred.

6.3.3 Temperature

Temperature in itself may have a direct effect on the condition of cultural heritage items and will have an
indirect effect on RH.

10
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a) Temperatures may have to be adjusted to meet the RH requirements.

b) Temperatures of vulnerable surfaces shall be kept above the dew point in order to avoid condensation.
The presence of hygroscopic salts, mainly in walls, may increase the moisture content of materials
irrespective of the dew point.

c) |If there is a risk of frozen water pipes or if non frost-resistant elements of the building are exposed to
moisture, a minimum temperature for the endangered area shall be set. The minimum temperature has to
be determined in each case in order to maintain a proper safety margin.

d) The rate of degradation due to chemical processes generally increases with temperature. Given that the
previous steps leave room for choice, a cooler indoor climate is to be preferred.

6.3.4 Air movement

Air movement is caused by heating systems or air exchange (see 5.4). All heating systems cause a degree of
air movement, directly through convection from the heat sources and, indirectly through temperature
differences between the air and the surfaces of the building envelope. Air movement shall be kept to a
minimum because it may increase the rate of deposition of particles and the risk of damage due to salt
crystallisation on surfaces in the building.

6.4 Indoor climate specification for thermal comfort

6.4.1 General

In everyday life, people will accept varying degrees of thermal comfort. Air temperature, radiant temperature,
humidity, air movement, activity, clothing and personal preference are all factors that affect human thermal
comfort. Requirements for thermal comfort in general are given in EN ISO 7730. However, there are no
standards that apply specifically to comfort in places of worship. Since the comfort criteria may be in conflict
with the criteria for conservation, the general standards on thermal comfort are not automatically applicable in
places of worship.

The specification for thermal comfort in a place of worship has to be determined on a case-by-case basis with
respect to RH, temperature, and air movement.

6.4.2 Relative humidity

Considering thermal comfort only, RH is to be kept within the 30-80 % range.

6.4.3 Temperature

Thermal comfort is affected by air temperature, radiant heat exchange with surrounding cold or warm surfaces,
and convective exchange with the surrounding air. Warm clothing as well as the presence of other users
reduces body cooling and thus less heating is needed. A person may feel thermally comfortable with regard to
the whole body, but would be uncomfortable if one part of the body is warm and another cold. It is preferable
to have one's feet, legs and hands neutral or warm and face neutral or cool rather than vice versa.

6.4.4 Air movement

Air movement, when the air is cool or cold may have a negative effect on thermal comfort, consequently air
movement shall be kept to a minimum.

6.5 Compromise between thermal comfort and conservation

In some places of worship, where either conservation or thermal comfort alone is the main priority, the indoor
climate specification will be determined in accordance with either 6.3 or 6.4. In most places of worship, both
conservation and comfort needs have to be considered together since a comfortable temperature level may

11
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be in conflict with conservation needs. A compromise is often necessary, in which case conservation needs
shall have priority. The following steps shall be taken:

a) compare the specifications for thermal comfort and conservation and identify areas of conflict. For
example, heating for comfort in the winter may result in an RH that is too low with respect to conservation;

b) identify possible solutions;
c) evaluate the different solutions with respect to the effects on conservation and thermal comfort.

The temperature required for services is the key parameter in finding a compromise. A lower temperature will
generally improve conservation conditions. With appropriate clothing and limited length of stay, there is no
definite lower limit for temperature with respect to thermal comfort. If it can be assumed that users will wear
clothing suitable for the current outdoor conditions, the heating can be reduced and conservation conditions
improved. This standard proposes a limitation of the thermal comfort range from a “neutral” sensation to

“slightly cool” which corresponds to an average skin temperature in the 30 °C-33 °C range
(EN ISO 11079:2007).

7 Heating strategies

7.1 Choice of heating strategy

The choice of heating strategy will be determined mainly by the need to balance climate requirements for
conservation and comfort, the pattern of use of the building, and energy efficiency. The most common
strategies for heating buildings of worship are presented in Table 1.

Table 1 — Heating strategies

Basic strategy Distribution in space Distribution in time

No heating

General heating Continuous heating
Conservation heating
Local heating Intermittent heating

Continuous heating

_ General heating | _
Heating for comfort Intermittent heating
Local heating

Mixed mode heating

These strategies may be complementary, which means, for instance, that intermittent and local heating can be
combined. The following is a description of the heating strategies in relation to the indoor climate requirements.

7.2 Basic strategies

7.2.1 No heating

The building has no heating at all. The indoor climate is governed only by the outdoor climate, the building
envelope, air exchange and activities in the building. Generally, the average RH level is higher and the
amplitude of variations in RH is smaller than in heated buildings.

In buildings where there is a problem with salt crystallisation, and/or soiling of walls and other surfaces,
heating may increase the risk.

12
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7.2.2 Conservation heating

Conservation heating uses heat to improve the indoor climate for conservation. The primary aim is to keep RH
at a stable and appropriate level throughout the year in order to minimize damage due to RH variations and to
prevent dampness and biodeterioration. Conservation heating may be needed even in the summer to keep
RH below thresholds for mould growth. The secondary aim of conservation heating is to keep the inside of the
building envelope warm enough to avoid moisture condensation or frost. Conservation heating can only
reduce RH, if the indoor climate is too dry other measures will be needed.

Conservation heating can be controlled in two ways, with different degrees of precision. The most precise
control method is heat input based on RH (humidistatic heating). Given sufficient heating power, this will
always keep RH below a specified level. In contrast, a constant heating power, if properly selected, will reduce
RH, although with less stability and precision than humidistatic heating.

When condensation or frost on internal surfaces is a major consideration, the control system shall also take
into account the dew point at the surfaces. In the winter, a minimum temperature can be set in order to
prevent freezing.

If conservation heating is used in the summer to reduce RH, a maximum temperature can be set to prevent
excessively high temperatures causing discomfort to users.

7.2.3 Heating for thermal comfort

Heating for thermal comfort is aimed at providing acceptable comfort for the users. In winter, heating for
comfort may result in a lower RH than is preferable from a conservation point of view.

Heating for comfort is primarily controlled with respect to temperature. Care shall be taken that thermostats or

temperature sensors are placed in such way that they best represent the temperature around the people in
the building.

7.3 Distribution in space

7.3.1 General heating

The objective is to heat the whole building. General heating can be intermittent or continuous. The whole
volume of the building is heated with no discrimination between people and cultural heritage objects.

7.3.2 Local heating

The objective is to heat only designated parts of the building. The temperature increase in the general space
shall be as small as possible in relation to the temperature increase in the heated zone. The advantage of this
Is that unwanted climatic disturbance in the building as a whole can be reduced.

A potential problem associated with local heating is that some surfaces of the building envelope will remain
cold, causing condensation due to moisture added when large numbers of users are present. Another
potential problem is convective air movement (see 6.3.4). In the case of low background temperatures in the
building, acceptable thermal comfort in the heated zone may be difficult to reach with local heating alone.
Reduced comfort outside of the heated zones may also be a problem.

7.4 Distribution in time

7.4.1 Continuous heating
Continuous heating is the permanent heating of a building throughout the cold period of the year. The

objective is to provide a specified indoor climate at all times. This can be heating either for comfort or for
conservation. Particle deposition and thermal stratification are unwanted effects of continuous heating.
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7.4.2 Intermittent heating

The objective of intermittent heating is to provide a specified indoor climate for a limited period of time. Most
commonly this is heating for comfort, but it can also be used for conservation heating.

Intermittent heating causes, by definition, a temporary disturbance to the indoor climate, but if properly
designed and managed, it can reduce unwanted disturbance to the basic indoor climate in the long term and
promote good conservation conditions.

Intermittent heating can cause damaging cycles of salt re-crystallisation in porous structures, such as masonry,
stone, plaster, or wall paintings. Intermittent heating may also result in walls that are colder than the air, which
may cause increased particle deposition, cold draughts and condensation.

The control conditions for intermittent heating are:

— a set point for temperature during service;

— a lower limit for RH during service;

— duration of heating;

— rate of change of temperature during the heating period.

7.4.3 Mixed mode heating

Mixed mode heating is a combination of continuous and intermittent heating, where the building is continually
kept at a low temperature and heated to a comfort temperature only when it is used.

Mixed mode heating can be combined with conservation heating in between services and will reduce the
amplitude of variations in temperature and RH during the heating episodes compared with intermittent heating
alone.

The control conditions for mixed mode heating are the same as for intermittent heating with the addition of a
set point for temperature or RH between services.

8 Heating systems and their application

8.1 Warm-air heating

8.1.1 General
In a warm-air heating system, air heated to a pre-selected temperature is circulated in the building. A warm-air

system can be either centralised or decentralised. This clause deals with warm-air heating systems for
general heating.

8.1.2 Centralised warm-air heating system

Air from the building is filtered, heated and fed back into the building through a warm-air duct system.
Generally, the air inlet vents are fitted in the floor.

Outside air can also be added to the circulating air to improve air quality. The warm air can be generated by
any kind of conventional heat source,

8.1.3 Decentralised warm-air heating system

To minimise the impact of installing air duct systems, places of worship often use decentralised warm-air
heating systems. The convective heaters can be placed under and above the floor, on the walls and in the
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pews and are heated by hot water, electricity, or gas. They can also be made portable to facilitate seasonal
use.

8.1.4 Application

Warm-air heating is suited for general heating in medium-size and large buildings. It can be used for all
heating strategies.

By definition, warm-air systems cause air movements. The systems shall be properly designed and tuned in
order to minimise air movement in the building and to provide an even temperature distribution throughout the

space. The distribution of heat depends to a large extent on the arrangement and number of warm-air
vents/convectors, on the air outlet temperature and speed and on the internal topography of the building.

8.1.5 Thermal comfort

General and continuous warm-air heating provides thermal comfort in the whole building. Care shall be taken
in order to avoid air movements that will reduce comfort.

Convective heaters may be used as a complement to counteract cold down draughts from windows and walls.

8.1.6 Conservation

Warm-air heating systems shall be properly designed to:

— minimise deposition of particles on surfaces;

— ensure that the flow of warm air is unobstructed and not directed onto walls or cultural heritage objects;
— minimise thermal stratification;

— avoid excessive fluctuations of temperature and consequently of RH.

Floor vents shall not be installed in areas frequently walked on in order to prevent the airborne circulation of
dust and dirt particles from shoes.

Warm-air heating systems shall be equipped with filters to clean the circulated air. Filters shall be maintained
and changed according to specification.

In buildings with no air duct system, installation of a new central warm-air heating system can be highly

invasive. However, if there is an existing duct system, it may be possible to upgrade it with an acceptable
intervention.

8.2 Infrared heating

8.2.1 General

Infrared heaters (IR) transfer heat directly to a recipient body without heating the air in between. The radiation
intensity increases rapidly with the temperature of the radiator. Common power sources are electricity and gas
for high-temperature radiators and hot water or electricity for low-temperature radiators.

8.2.2 IR heating from gas combustion

The fuel is gas or liquid (e.g. methane, propane, LPG) and the combustion generates CO,, water vapour and
other exhaust products that may cause problems, such as condensation and high CO; levels, unless there is
sufficient ventilation. Chimneys or exhaust pipes for flue gases need to be considered. The gas burners cause
audible noise and a red glare. Fuel storage and distribution bring the risk of fire and explosions.
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8.4 Wall heating through pipes mounted in or on the inside of the walls

8.4.1 General

This method is based on providing continuous heating to the building envelope in masonry structures,
normally through heating tubes installed in the plaster on the inside of outer walls. There are systems with one

or few pipes to heat critical parts of the building construction 2) for conservation but also systems that heat the
whole wall for comfort. A less intrusive measure, which works on the same principle, is to install pipes on the
surface of the walls.

8.4.2 Thermal comfort
This method may provide limited thermal comfort depending on the amount of heat provided. Heating the

inner surfaces of the room will lead to better comfort than that provided by convective heating at the same air
temperature.

8.4.3 Conservation

The invasive impact is considerable if the heating elements are installed inside the wall and special care has
to be taken with interior surfaces. This system shall not be installed into walls of historic or artistic value.

This system heats the most critical points of the construction (corners) where condensation may otherwise
occur and thus helps to prevent mould or algae growth. In the event of rising damp, the system may cause

damage due to salt efflorescence. In comparison with convective heating, the wall heating method will
generally reduce draughts and particle deposition.

8.4.4 Application

The method is used primarily for conservation heating and it is not well suited for intermittent heating due to
the high thermal inertia of the system.

8.5 Under floor heating

8.5.1 General

Under floor heating uses heating elements embedded in the floor. Heat can be provided by hot water pipes,
warm air or electrically heated cables and foils.

8.5.2 Thermal comfort

The heated floor provides a comfortable feeling of warmth from below but the warm floor in combination with
the cold walls and ceiling may cause air movement that reduces comfort. The floor surface temperature shall
be limited to a maximum of 25 °C-29 °C in order to prevent the overheating of users’ feet and to limit air
movements.

8.5.3 Conservation

Particle deposition on surfaces is generally increased by air movement. A floor heating system may be
inconspicuous, but the invasive impact on the floor is considerable. This system shall not be installed in floors
of historic or artistic value, or in the presence of buried tombs or archaeological remains.

2) In German, this method is referred to as "Temperierung".
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8.5.4 Application

Under floor heating is generally not well suited for intermittent heating due to the thermal inertia of the system.
Wooden pews or other objects covering the floor may also reduce the heating effect.

8.6 Pew heating

8.6.1 General

The objective of pew heating is to provide an acceptable thermal comfort for the seated users while
minimizing the adverse effects on the indoor climate in general. The design of the pew-heating system will
determine its effect in terms of thermal comfort and conservation. In enclosed (box) pews, it is easier to
achieve a localised microclimate that does not disturb the general indoor climate. In 8.6.5 a number of
different solutions for pew heating are presented.

8.6.2 Thermal comfort

In cold regions, pew heating alone may not be sufficient. It can however be used as a complement to other
heating systems or to reduce discomfort when no other heating is available. In cold climates, the users’ heads
may remain insufficiently heated and an extra overhead IR source or general preheating may be necessary.
For users who are outside of the pews, local solutions are recommended such as heating carpets and
additional local IR heaters.

8.6.3 Conservation

Installation is generally not very invasive. It depends on the design of the heaters and the permitted level of
visual impact: low visibility may require invasive measures. In the case of pews of historic value, the heating
elements shall be installed on an independent frame to minimise the physical impact.

Pew heating, being local and often intermittent, will increase the risk of condensation on cold surfaces caused
by the water vapour emitted by users.

8.6.4 Application

Pew heating is well suited for local, intermittent and mixed mode heating. The pews can be divided into
individually controlled sections, but moving pews with fixed heating installations is difficult.

8.6.5 Pew heating systems

8.6.5.1 Pew heating: Single high-temperature electric heaters

Single high temperature electric heaters placed in the pews emit infrared radiation that heats the user's feet
and legs. This type of system often provides limited thermal comfort due to the insufficient heating of the
upper part of the body or overheating of the legs. The combination of a high-temperature source and relatively
cold walls may generate strong convective air movements causing poor thermal comfort and enhancing
particle deposition and condensation on walls.

The visual and physical impact depends on the type of installation and the power needed. If a heater is not
adequately insulated, shielded or regulated, it may damage the pews.

8.6.5.2 Pew heating: Single low-temperature heaters

Single heaters, such as hot water pipes or electric elements, are placed under the pews. They are often
turned on beforehand to heat the room first and then the users.

This type of system generates less convective motion compared to high-temperature sources, resulting in a
lower rate of particle deposition on walls and ceilings. It may be difficult to reach a satisfactory degree of
thermal comfort with just one low-temperature source.
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8.6.5.3 Pew heating: warm air

The air is transported through ducts inserted under the floor or in a footboard. The warm air is injected at floor
level or below the seats and rises in the pews to heat people.

Although users’ feet and legs are heated, unpleasant air currents may be formed in the pews. Warm, dry up
draughts above the pews are followed by cold downdraughts along walls and windows.

Convective air movements will enhance particle deposition and condensation on walls and ceiling. In the case
of under floor ducts, the installation is invasive, less so if the ducts are inserted within a footboard.

8.6.5.4 Pew heating: Jet of warm air grazing the floor

At floor level, a fan convector, comprising a heating coil and a fan, blows out warm air that grazes the floor at
a high velocity from a slot outlet. Due to a phenomenon known as the Coanda effect, the warm airflow stays
close to the floor as long as it is unobstructed; however, when it hits an obstacle, such as pews or feet, it is
dissipated to form a convective upward airflow that heats the users. Although users’ feet and legs are heated,
there is a risk of unpleasant draughts.

The floor-based jet carries dust, spores and other particles from the floor and shoes, increasing depositions on
walls and ceilings. The noise from the fans and outlets may be disturbing.

This technique can only be applied when fixed pews are open at the back and below. The fan casings behind
each group of pews are visible, but otherwise the installation is generally not very invasive.

8.6.5.5 Pew heating: Integrated local heating

Local heating is provided by heating elements integrated into seat cushions and heating carpets. This kind of
heating is not sufficient in cold regions, but it can be used as a complement to other heating systems and to
reduce discomfort when no other heating is available.

8.6.5.6 Pew heating: Ergonomically distributed low-temperature radiative heating

A number of low-temperature radiant sources are ergonomically placed in the pews to heat various parts of
the body, e.g. below the kneeling pads to heat feet, below seats to heat legs, on the back of seats to heat
users’ backs and hands, on the floor, etc. The heaters may consist of heating foils or electric heating glass.
The principal idea is to reduce heat dispersion and to provide as much radiant area as possible in the pews as
required by the different thermal comfort needs of the various parts of the human body [18].

This method provides acceptable thermal comfort in mild climates when the indoor temperature in the building
does not fall too much in winter. Thermal comfort is generally better than with other pew heating but remains
difficult to achieve in very cold indoor environments.

Properly designed pew heating systems can reduce convective air-movements and thus improve thermal
comfort and reduce the rate of particle deposition on walls. Away from pews, the influence on temperature and
RH is not greater than that of the natural indoor climate fluctuations. The visual and invasive impact depends
on the construction of the pews, but it is generally modest.

9 Implementation

Implementation comprises installation and bringing the new heating system into operation. The installation
shall comply with national procedures and regulations. Care should be taken that the indoor climate is kept
within the specification even during installation. When the system is brought into operation, its technical
function must be controlled to prevent damaging effects during test runs. Written information on the operation
of the system shall be given to all parties concerned.
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10 Evaluation

Any changes regarding indoor climate, heating strategy or heating systems shall be evaluated to ensure that
the objectives, with respect to conservation and comfort, have been met. Such evaluation will include
determining whether the desired climate conditions have been achieved, and whether the heating system has
caused any damage to cultural heritage objects. The extent and depth of the evaluation shall be determined in
each case by an independent group of qualified experts. Normally, an evaluation shall include indoor climate
measurements and the response of objects and building over a period of at least one year, preferably more. It
shall also include a users’ survey and an inspection of the fabric and the contents to determine any response
to the changes.

The first evaluation shall take place early on after installation, a second evaluation within one to three years
thereafter.

11 Comments on the application of this standard

There is no single heating solution that is optimal for all places of worship. By following the guidelines
provided in this standard, a team of qualified professionals can identify solutions that match the requirements
for thermal comfort and conservation. The heating strategy is chosen with respect to the climate specification,
also taking the use of the building into account. Suitable heating systems that fit the indoor climate
specification and the chosen strategy are then identified whereas the systems unsuitable for the purpose are
eliminated. The proposed heating system(s) shall be evaluated also from a technical, practical, economic and
aesthetic standpoint. It shall comply with relevant national rules for public assembly buildings. In some cases,
it may be necessary to reconsider some of the decisions made in the first steps and to reiterate the process.

A flow chart describing the process is given in Annex A.
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Annex A
(informative)

Flow chart giving an overview of the standard
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Specifications for indoor climate

Establish the historic
indoor climate
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x for conservation
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Climate specifications
i for comfort
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comfort and conservation

Determine heating strategy

Determine heating system

Implementation

Evaluation

Figure A.1 — Flow chart giving an overview of the standard
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