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Foreword
This document sets out regulations, standards and guidance on ventilation, thermal
comfort and indoor air quality for school buildings. It replaces Building Bulletin 101
(BB101), 'Ventilation of School Buildings', 2006.

We have updated the guidelines to align with the latest health and safety standards and
industry practice. We have also strengthened the guidelines to improve thermal comfort
and indoor air quality. This will improve school buildings and lead to healthier outcomes
for students.

The guidelines on ventilation include:
e standards for all spaces including halls, classrooms and specialist practical areas such

as science labs and design and technology spaces. Setting maximum levels of carbon
dioxide in teaching spaces and minimum ventilation rates in practical spaces and
specialist accommodation, eg for pupils with special needs.

The guidelines on thermal comfort include:
e guidance on room temperatures and cold draughts in order to provide a comfortable

environment suitable for teaching and learning, year round.
e guidance on designing for children with disabilitieswho are less able to regulate their

temperature than mainstream pupils.
e detailed calculation methods for thermal comfort. Adaptive thermal comfort

calculations have been introduced to prevent summertime overheating based on the
latest research on how people adapt to highertemperatures. These calculations use
variable maximum indoor temperatures that depend on the outside temperature. This
helps to avoid the unnecessary useoairconditioning by using passivemeasures such
as night cooling and thermal mass to cool spaces in summertime.

The guidelines on indoor air quality include:
e a summary of the health effects of indoor air pollutants based on the World Health

Organisation guidelines for Indoor Air Quality and the latest advice from Public Health
England. This describes pollutant sources, both internally generated such as
formaldehyde given off by furniture and external pollutants including nitrogen dioxide
which are a major cause of concern for respiratory health.

e guidance on howto meet the maximum exposure levels forpollutants.Ways to reduce
the level of outdoor air pollutants, such as Nitrogen Dioxide and Particulates from
traffic, in the supply air. This includes the location of air intakes and exhausts, the
management of openable windows, and filtration of supply air.

e advice on reducing sources of indoor pollutants, eg using materials that are low
emitters of pollutants and dealing with pollutants generated by 3D printers and laser
cutters.
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Summary
Section 1 provides an introduction and describes the factors that affect the design of
the indoor environment of schools.

Section 2 describes the regulatory framework for schools in full. It gives the
recommended Department for Education (DfE) performance standards for
compliance with UK regulations.

Section 3, Table 3-1 is a quick reference guide showing which parts of BB101 are
regulatory, which are ESFA recommended design standards, and which are for
further information and guidance. The regulatory standards are covered in section 2.
The ESFA recommended design standards are also in the ESFA Output
Specification: Generic Design Brief and Technical Annexes, in particular Technical
Annex 2F: 'Mechanical services and public health engineering', published in 2017.

Sections 4 is an overview for the whole design team.

Sections 5 to 8 provide non-statutory guidance on how to design schools to achieve
adequate performance for ventilation, indoor air quality and thermal comfort.

Expiry/review date
This advice will be reviewed in 2022.

Who is this advice for?
This advice is for those involved in the design, specification and construction of new
school buildings and the refurbishment of existing buildings. This may include:

contractors
e architects
® engineers
® project managers
e building users
e facilities managers
® governors
® parents
e students

Key points
This document is guidance on the design and construction of schools. It advises on
good indoor air quality and thermal conditions that help to create effective teaching
and learning spaces.

It covers normal occupation and does not cover emergency situations for example
ventilation for smoke clearance.
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Disclaimer
The department and its advisers accept no liability for any expense, loss, claim or
proceedings caused by reliance on this guidance.

Acknowledgements
The DfE would like to thank the following organisations for their help in drafting this
document:

The Chartered Institution of Building Services Engineers (CIBSE)
CLEAPSS
The Design and Technology Association (DATA)
The Health and Safety Executive
The Institution of Gas Engineers and Managers (IGEM)
The Institute of Local Exhaust Ventilation (ILEV)
Public Health England

The DfE would also like to thank the following reviewers and members of the BB101
advisory group:

David Bradbury, Lars Fabricius, SAV
Ken Bromley, Departmentfor Communities and Local Government (DCLG)
Barrie Church, IGEM
David Coley, University of Bath
Owen Connick, Breathing Buildings
Maicolm Cook, Loughborough University
Guy Channer, Dominic Cropper, Arup
Sani Dimitroulopoulou, Public Health England
Peter Dyment, Canrfil
Matt Endean, Dave Parry, CLEAPSS
Mike Entwistle, Peter Henshaw, Buro Happold
Shaun Fitzgerald, Breathing Buildings and Cambridge University
Alan Fogarty, Robin Pritchett, Paul Sperring, Cundall
Wally Gilder, ILEV
James Hammick, Passivent
Nick Hopper, Monodraught
Chris Iddon, SE Controls
Benjamin Jones, University of Nottingham
Roy Jones, Gilberts
Keeran Jugdoyal, Tim Taylor, Dane Virk, Alastair Rowe, Stephen McLoughlin,
Faithful & Gould/Atkins
Paul Keepins, Welsh Government
Jackie Maginnis, Modularand Portable Buildings Association
Laura Mansel-Thomas, Chris Brown, Ingleton Wood
Graham McKay, IGEM
Azadeh Montazami, Coventry University
Gary Morgan, Eco-Airvent
Malcolm Orme, Aecom

9

INQ0006234670009



Hershil Patel, Jacobs
Paul Cooper, Hoare Lea
Paul Vorster, Van Zyl de Villiers
Peter Rankin, DCLG
Jannick Roth, Windowmaster
Ricardas Ruikis, Airflow Developments
Andrew Spencer, Richard Daniels, ESFA Engineering Design
David Tomkin, IGEM
James Vaux-Anderson, Bowmer and Kirkland
Craig Wheatley, IES
James Wheeler, HSE
Phillip Wild, GEM, COGDEM, Duomo

10

INQ0006234670010



Glossary
Natural ventilation is where the driving force for the supply of fresh air and extract
of stale air is buoyancy or wind.

Mechanical ventilation is where the driving force for the supply of fresh air and/or
extract of stale air is provided by a fan.

Mixed mode and hybrid ventilation are ventilation systems that combine or switch
between natural and mechanical ventilation and/or cooling systems.'

The term average in this document means the arithmetic mean.

Kelvin is the absolute temperature scale, ie 20°C = 293 K. The convention is to use
degrees K to show temperature differences.

Operative temperature is sometimes known as "dry resultant temperature"; it takes
account of the mean radiant temperatures of the surfaces in the room and the air
temperature in the room.

PPD is Percentage People Dissatisfied and is used in comfort criteria.

PMV is Predicted mean vote and is also used in comfort criteria.

The working definition of overheating used in this document is derived from the
definition used by the Zero Carbon Hub for homes:

'The phenomenon of excessive or prolonged high temperatures, resulting from
internal or external heat gains, which may have adverse effects on comfort, health or
leaming activities'2

A Free Running building is not actively heated or cooled and may have either
natural ormechanical ventilation. Most schools are free running outside the heating
season.

For definitions of building services terms such as radiant temperature, see CIBSE
Guide A.

The heating season is defined as the period when the heating system is normally
switched on. ltis defined as from 1 October to 30 April.

The clo is a measure of the thermal insulation of clothing. 1 Clo = 0.155 m2K/W

1'AM10: Natural Ventilation in Non-Domestic Buildings', CIBSE, September 2005 gives more
information on mechanical, natural, hybrid and mixed mode ventilation online at the CIBSE website
2 'Overheating in homes the big picture', The Zero Carbon Hub, June 2015, online at the zero carbon
hub website
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1 Introduction

1.1. Indoor environmental quality
Ventilation is a key part of holistic design for Indoor Environmental Quality (IEQ). The
environmental circle describes the design factors® that need to be addressed and the
potential conflicts that need to be resolved.'

o

Figure 1-1 The Environmental Circle

Building Bulletin 93 'Acoustic Design of Schools: Performance Standards', Department for
Education, 2015 and 'Acoustics of Schools: a design guide', published by the

3 Montazami, Azadeh, Mark Gaterell, and Fergus Nicol. "A comprehensive review of environmental
design in UK schools: History, conflicts and solutions." Renewable and Sustainable Energy
Reviews 46, (2015): 249-264.
4'TM57: Integrated School Design', 2015 online at CIBSE, contains a discussion of some ofthe design
conflicts and ideas to resolve them.
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Institute ofAcoustics and the Association of Noise Consultants, November2015 give
the design criteria for acoustics and guidance on how to meet them.®

CIBSE Lighting Guide LGS, 'Lighting in Education' gives the criteria for lighting design
in schools.® Technical Annex 2E: 'Daylight and electric lighting' and Technical
Annex 2C: 'External Fabric', to the Education Funding Agency (ESFA) Output
Specification: GenericDesign Brief, provide detailed specifications for ESFA delivered
projects. See also ESFA guidance on baseline designs.'

A holistic, multi-disciplinary approach prevents unintended consequences of design
driven by low energy or other overarching design drivers 8

The overarching factors that influence the design include:
« the adaptability of the building to changes in occupants' needs, changes in

outside noise levels and pollution, and future climate change
e the use and maintenance of the building and its technologies
« low energy performance
« life cycle and operational running costs
« sustainability

As well as the environmental design factors, the building occupants and facilities
management team should be considered. For example:

« the facilities management team need to understand the building
environmental systems and controls

e the staff need to understand the basic building operation and occupant
controls

e the designers need to understand the occupants' needs and their behaviour in
use of the space

Examples of occupants' needs that affect the design are:
« perceptions of thermal, visual and acoustic comfort
« movement between teaching spaces
« impact of external canopies providing sheltered areas for early

years on ventilation and daylight
« movement between the inside and outside in early years
« adequate wall area left clear for display

5 See References section, Refs. 3 and 4.
6 Lighting Guide 5 (LG5), 'Lighting in Education', October2011, online at CIBSE
7 'Baseline designs for schools: guidance', Education Funding Agency, May 2014, online at GOV.UK
8 'Intemational Performance Measurement & Verification Protocol, Concepts and Practices for
Improved Indoor Environmental Quality, Volume Il, Revised March 2002, DOE/GO-102002-1517',
International Performance Measurement & Verification Protocol Committee online at the ipmvp website
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The success or failure of the design also depends on the handover of the systems to
the facilitiesmanagement team and to the staff. The Soft Landings approach? helps
greatly and post occupancy Building Performance Evaluation (BPE)"® provides the
necessary feedback into the specification of future design criteria.

1.2 Ventilation strategy
There are a range of ventilation strategies that can be adopted to meet the design
requirements, see Figure 1-2. These range from a completely natural system to a
completely mechanical system. For classrooms and practical spaces in a school, the
constraints of the design will determine the ventilation strategy that can be used. In

the majority of current designs, the general teaching spaces use hybrid or mixed
mode systems that make use of a mixture of mechanical and natural ventilation.

1.2.1 Natural ventilation systems
The driving force for these systems is the wind and the stack effect. This includes
single sided ventilation, cross ventilation or stack ventilation systems. They can
involve:

* opening windows (can be manual, automated, or a combination of both)
® opening dampers (can be manual, automated, or a combination of both)
e roof stacks (these can be manual or automated, but automated ones are more

common)

1.2.2 Mechanical ventilation systems
These systems are fan driven. There are two types:

* centralized systems which have supply and extract.
« room-based systems which have supply and extract.

1.2.3 Hybrid systems
These systems use both natural driving forces of the wind and the stack effect and
fans to supplement these driving forces. A hybrid system is operating in mechanical
mode when the driving force for ventilation is a fan.

These types of system use natural ventilation components with systems such as:

9 See information online at the Government Soft Landings website.
10 For information on the ESFA's BPE methodology for schools, See ESFA: Output Specification,
Generic Design Brief, 2017, section 2.15.
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fans to aid mixing in colder weather
fans to aid higher flow rate in hotter weather
a mechanical ventilation system which works in tandem (at the same time) as
the naiural ventilation system in colder weather
a mixed mode system with a mechanical ventilation system which works when
the natural ventilation system does not (for example systems that turn off in
warmer weather when opening windows are used)
a mechanical ventilation system which works when the natural ventilation
system does not, and also works in tandem with the natural ventilation
components

15
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2 Regulatory framework
This section gives an overview of the regulations that relate to ventilation, thermal
comfort and indoor air quality in schools.

2.1 Building Regulations
The UK Building Regulations contain functional requirements (called standards in
Scotland); including the requirement that buildings must be adequately ventilated for
people.

These functional requirements are drafted in broad terms. The govemment issues
documents providing practical guidance on ways to comply in more common building
situations. These are called Approved Documents (ADs) in England and Wales,
Technical Handbooks in Scotland and Technical Booklets in Northern Ireland. They
are notintended to be comprehensive and so may contain references to other
documents, which provide extra guidance.

BB101 is one of those extra documents, with guidance on ventilating schools that
adds to the guidance on ventilating buildings in AD F (in England) or the Non-
Domestic Technical Handbook (in Scotland), and Technical Booklet K (in Wales).
Note that following the guidance in an AD, Technical Handbook or Technical Booklet
does not guarantee compliance with Building Regulations, but there is a legal
presumption of compliance.

The requirements of Building Regulations can differ between England, Wales,
Scotland and Northern Ireland. The following sections describe the requirements in
England but in the devolved administrations only where they differ.

2.1.1 Part F of the Building Regulations on Ventilation
Part F of the Building Regulations applies to buildings including schools.
Requirement F1(1), from Part F of Schedule 1 to The Building Regulations 2010,
states:

"There shall be adequate means of ventilation provided
for people in the building."

Guidance showing ways of complying with requirement F1 is contained in
AD F."' For guidance on schools, AD F refers to BB101. AD F makes no

11 'Approved Document F: Means of Ventilation', The Building Regulations, 2010, online at
www.GOV.UK
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provision for ventilation with the specific aim of controlling or reducing the risk
of summertime overheating.

2.1.2 Part L on Conservation of Fuel and Power
The criteria for limiting heat gains (cf. Criterion 3 and the BRUKL method) used in
Approved Document L2A (AD L2A), 2013 edition, sets out an approach to limiting
heat gains in buildings as required by paragraph L1(a)(i) of Schedule 1 to the
Building Regulations.

The intention is to limit solar gains during the summer period to either remove or
reduce the need for air conditioning or lower the installed capacity of any air
conditioning system, while ensuring that internal conditions are appropriate for the
tasks being carried out.

Although AD L2A only requires that solar gains are limited to notional values,
AD L2A recognises that for naturally ventilated buildings, limiting solar gain is not
always enough to provide a satisfactory level of comfort and advises:

"Therefore the developer should work with the design team to
specify what constitutes an acceptable indoor environment in the
particular case, and carry out the necessary design assessments
to develop solutions that meet the agreed brief".

Criterion 3 and the BRUKL method are designed to limit solar gains and may not
prevent summertime overheating. The method detailed in section 7.6 of this
document should be used to assess summertime overheating.

The design should consider energy usage. It should minimise the need for space
heating in winter as well as reduce the need for summer cooling.

Paragraph L1 (a) (ii) of Schedule 1 to the Building Regulations requires provision to
be made to limitheat losses from pipes, ducts and vessels used in building services.

The Non-Domestic Building Services Compliance Guide", provides detailed
guidance in support of AD L. Itincludes guidance on heating and ventilation system
performance and on insulating pipework and ductwork.

2.1.3 Part C on Site Preparation, Contaminants, Moisture, Radon
Part C on site preparation and resistance to contaminants and moisture (including
Radon) of the Building Regulations applies to all buildings including schools.

12 Non Domestic building Service Compliance Guide online at www.GOV.UK
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Requirement C1 of Schedule 1 to the Building Regulations 2010, states:

(2) Reasonable precautions shall be taken to avoid danger to health and safety
caused by contaminants on or in the ground covered or to be covered by the building
and any land associated with the building."

Guidance showing ways of complying with requirement C1 is contained in
Approved Document C (AD C)'. The recommendations in section 2.1.3.1 are a
greater provision than the minimum standard in AD C.

For the majority of above ground workplaces including schools, risk assessments
should include radon measurements in ground floor rooms where the building is
located in a radon Affected Area.4

2.1.3.1 Radon remediation systems

Radon is an odourless, invisible radioactive gas that is produced continu ously in the
ground from radioactive decay of naturally occurring uranium and radium, and can
be inhaled where it escapes to air. Buildings trap radon presenting an inhalation
hazard to occupants. Long term exposure to high radon concentrations increases the
risk of lung cancer.

Radon maps identify parts of the country (radon Affected Areas) where high levels,
requiring control, are more likely. In relevant areas, radon protection should be
installed in new buildings, extensions and refurbishments. Existing buildings in radon
Affected Areas and new buildings with radon protection should be tested for radon.

High radon levels in workplaces fall within the scope of the lonising Radiations
Regulations. Established methods, entailing minor building works, should be used
where necessary to reduce high radon levels.'®

If a building is constructed with radon protection in the form of an impermeable
membrane at foundation level, itis less likely to have high indoor concentrations.
This reduces the indoor radon level but it does not completely prevent the entry of
radon to the building from the ground.

Any new building located in a radon Affected Area should be tested for radon once
occupied, regardless of protection measures included when the building was
constructed.

13 'Approved Document C: Site Preparation and Resistance to Contaminates and Moisture', The
Building Regulations 2010, online at: www.GOV.UK
14 See legal advice on ionising radiation on the hse website
15 See BRE reports BR211, "Radon: Guidance on protective measures for new buildings" and FB 41
"Radon in the workplace: A guide for building owners and managers: Second edition".
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If high radon levels are found, established remedial measures should be used. If the
building is in an area where radon risk is high, it may already have part-remediation
in which case this can be completed and activated through minor building works.

Once remedial work is complete, the indoor radon levels should be measured to
confirm the operation of the remedial measures and the records retained. Most
remedial measures use low power electrical fans designed for continuous long-term
operation.

Although underfloor ventilation systems are typical, there may be air-handling
systems within rooms that contradict the normal direction of flow required for the
supply of outdoor air and vents that are contrary to the requirements for energy
efficiency. These systems should be labelled and checked periodically to ensure
their continued operation with an annual radon measurement.

For buildings in high radon areas without remediation systems, repeat radon
measurements should be made after any substantial building work.

Further guidance on radon is available from Public Health England (PHE)"® and
guidance for employers is available from the Health and Safety Executive (HSE)"".

2.1.4Work on existing buildings
When a building's use changes", the Building Regulations apply to the building, or
that part of the building, which is subject to the change of use.'® For example,
conversion of an office building or factory into a school building would be a material
change of use.

The Building Regulations define windows as a controlledfitting.Therefore,when
windows in an existing building are replaced, the work should comply with the
requirements of Building Regulations Part K (or Part N in Wales), and PartL.2° After
the work, compliance with other applicable parts of Schedule 1 (Parts B, F and J)
should be at the same level or better than it was before the work.

When buildings are refurbished to a significant level itis a requirement of AD L2 to
improve thermal performance. As part of this process, ventilation and summertime
thermal performance should be considered.

16 Online at the PHE UK radon webpage
17 Online at the HSE ionising radiation webpage and the radiation toolbox webpage
18 As defined by the Building Regulations, Regulations 5 and 6.
19 The Building Regulations 2010 No. 2214, online at www.leqislation.GOV.UK
20 See References. 1 for titles of Approved Documents in support of Building Regulations.
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When windows that were providing adventitious ventilation through leakage are
replaced then the effect of more airtight new windows may be to increase the risk of
condensation. In this case some additional means of ventilation may need to be
provided to overcome the increased risk.

Installers of replacement windows in schools who are registered with a relevant
competent person scheme are allowed to self-certify compliance with the Building
Regulations.2! Other installers proposing to replace windows in schools must notify
a Building Control Body and will need to prove compliance with Parts F, K and L.

2.2 Health and safety legislation
A number of aspects of Health and Safety legislation apply to schools including:

« The Workplace (Health, Safety and Welfare) Regulations, 2013
e The Control of Substances Hazardous to Health (COSHH) Regulations - see

HSG 258
e The Health and Safety ( Display Screen Equipment) Regulations, 1992
e The Management of Health and Safety at Work Regulations, 1999

2.3 School Premises and Workplace Regulations
In England, the School Premises Regulations, 2012 and the Independent School
Standards, 2012 apply. These do not cover ventilation or temperature in schools but
refer to the Workplace Regulations. In Wales, the School Premises Regulations,
1999 apply and include requirements on ventilation and temperature.

The Workplace (Health, Safety and Welfare) Regulations, 2013 apply to schools and
cover a wide range of basic health, safety and welfare issues including both
ventilation and temperature. The Approved Code of Practice (ACoP), L24, 2013
gives guidance on the application of the Regulations.

21 See the competent person scheme current schemes webpage online at www.GOV.UK
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Regulation 6 - Ventilation states:

"(1) Effective and suitable provision shall be made to ensure that
every enclosed workplace is ventilated by a sufficient quantity of
fresh or purified air.

(2) Any plantused for the purpose of complying with paragraph (1)
shall include an effective device to give visible or audible warning
of any failure of the plantwhere necessary for reasons of health or
safety."

Regulation 7 on Temperature requires that during working hours, the temperature is
reasonable; and that excessive effects of sunlight on temperature are avoided.

The ACoP guidance includes the following points:
e airthatis introduced should, as far as possible, be free of any impurity, which

is likely to be offensive or cause illness - where necessary, the inlet air should
be filtered to remove particulates

e where necessary, mechanical ventilation systems should be provided
« occupants should not be exposed to uncomfortable draughts
e the fresh air supply rate should not normally fall below 5 to 8 litres per second,

per occupant
« if the temperature is uncomfortably high because of building design,

reasonable steps should be taken to achieve a reasonably comfortable
temperature, for example by:

© insulating hot plant or pipes
© providing air-cooling plant
o shading windows
co siting workstations away from sources of radiant heat

« if a aeasonably comfortable temperature cannot be achieved throughouta
workroom, local heating or cooling should be provided - in extremely hot
weather, fans and increased ventilation may be used instead of local cooling

« in areas of the workplace other than workrooms, such as toilets and rest
facilities, temperatures should be reasonable - changing rooms and shower
rooms should not be cold

« protection from excessive solar radiation can be achieved by introducing
shading and using reflective materials - some examples of the measures
which can achieve this, either in isolation or in combination, are:

awnings or
internal or external blinds
dense vegetation, eg trees to provide shading
upgrading glazing or using films
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© overhangs or recesses to windows
o reducing unnecessary glazing on the sides of the building receiving the

most sunshine
o improving the thermal mass of the building by using materials which

allow heat to be stored and released at cooler times of the day
e air movementis an important control measure and should not be restricted by

using the measures above
« when commissioning the design and construction of a new building, consider

minimising solar effects by suitable orientation, type of glazing and use of
thermal mass

2.4 DfE performance standards for teaching and learning
spaces

In addition to the general ventilation requirements of section 6 of AD F, the DfE has
set the following performance standards for teaching and learning spaces which
ensure compliance with Regulation 6 of the Workplace Regulations on Ventilation as
described in section 2.3 above. These standards must be followed if a school
building is to comply with BB101.

1. Where mechanical ventilation is used, or when hybrid systems are operating in
mechanical mode in general teaching and learning spaces, sufficient outdoor air
should be provided to achieve a daily average concentration of carbon dioxide
(CO2) of less than 1000 ppm, during the occupied period22, when the number of
room occupants is equal to, or less than the design occupancy.

The maximum concentration should also not exceed 1500 ppm for more than 20
consecutive minutes each day when the number of room occupants is equal to,
or less than the design occupancy.

2. In general teaching and learning spaces where natural ventilation is used or
when hybrid systems are operating in natural mode the following standards
apply:

a. sufficient outdoor air should be provided to achieve a daily average
concentration of CO2 of less than 1500 ppm, during the occupied period,
when the number of room occupants is equal to, or less than the design
occupancy.

b. the maximum concentration should also not exceed 2000 ppm for more than
20 consecutive minutes each day, when the number of room occupants is
equal to, or less than the design occupancy.

22 See Section 8.1 for modelling assumptions including the occupied period
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c. the system should be designed to achieve a carbon dioxide level for the
majority of the time of less than:

.1200 ppm for a new building (800 ppm above the outside carbon dioxide
level, taken as 400ppm) for the majority of the occupied time during the year -

this is the criterion for a category II building

ii. 1750ppm for a refurbished building (1350ppm above outside air level) for
the majority of the occupied time during the year - this is the level for a
category Ill building."4

Except as described in section 2.9 on gas safety, ventilation should be provided to
limit the concentration of CO2 to the levels in paragraphs 1 and 2 above.

CO2 levels should be measured at seated head height in all teaching and learning
spaces.

Annex A: Carbon dioxide levels in schools' explains why the design standards in
paragraphs 1 and 2 are different for mechanical and natural ventilation.

Ventilation openings should be designed to provide these CO2 levels based on the
maximum number of occupants the space accommodates.

These performance standards are based on the need to control CO2 released by the
respiration of occupants.

In teaching and learning spaces, in the absence of any other major pollutants,
carbon dioxide is the key indicator of ventilation performance for the control of indoor
air quality.

2.4.1 Ventilation of practical spaces
Higher ventilation rates may be required for practical activities, such as science,
design and technology and food technology.

In these practical spaces, higher levels of CO2 are acceptable for the periods of time
when Bunsen burners, cookers and other gas-fired appliances are in use as
described in section 2.9.

When practical spaces are used as conventional classrooms, the design needs to
provide ventilation for teaching and learning activities as described in section 2.4.

23 See Table 6.7 for definitions of categories.
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These spaces may need additional ventilation during practical activities to prevent
the build-up of unwanted pollutants."

Local Exhaust Ventilation (LEV) is often required to deal with specific processes or
pollutant sources that produce moisture, dust or fumes.

LEV should be provided, subject to risk assessments carried out underthe Control of
Substances Hazardous to Health (COSHH) Regulations 2002.25.26 LEV is required in
science and design and technology (D&T) practical spaces and preparation rooms
and in some art practical spaces.2"

2.5 Ventilation of other buildings and non-teaching
spaces

Requirement F1(1) of the Building Regulations may be satisfied by following the
appropriate design guidance for the types of buildings given in table 6.3 of
AD F, 2010, or in BB101.

Further guidance for particular spaces in schools including offices is given in
section 5 and in the ESFA: Output Specification, Generic Design Brief, Technical
Annex 2F 'Mechanical services and public health engineering'.

2.6 Local extract ventilation
One method of compliancewith Requirement F1(1)is the local extract ofmoisture and
other indoor pollutants at the point of generation. Extra ventilation may be needed in

spaces such as laboratories, server rooms, D&T spaces, kiln rooms, food technology
rooms and kitchens to extract moisture, fumes, dust and heat.

Local extract is required from processes or rooms where water vapour or pollutants
are released through activities such as showering, cooking or chemical experiments.
Extract ventilation may be intermittent or continuous.

Local extract to the outside should be provided in sanitary accommodation,
washrooms and food and beverage preparation areas.

24 See section 5 for more information.
25 See CLEAPSS Model Risk Assessments and CLEAPSS Guide G225 Local Exhaust Ventilation in
D&T.
26 Health and Safety Executive, Control of Substances Hazardous to Health (COSHH) Regulations
2002, - www.hse.GOV.UK/coshh.
27 See section 5.8 for guidance on LEV.
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Printers and photocopiers used frequently or continuously, may need to be isolated
(to avoid any pollutants entering the occupied space) and local extract should be
provided.28

2.7 Indoor air quality and ventilation
Achieving good indoor air quality in schools depends on minimising the impact of
indoor sources of pollutants, as well as reducing outdoor pollutant ingress by
effective design of the building and operation of the ventilation systems."

AD F gives recommended performance levels for indoor air quality in offices. This
guidance also applies to schools.These performance levels are generally in line with
the World Health Organization (WHO, 2010) indoor air quality guidelines.

This document quotes the WHO guideline performance levels as they are currently
more up to date and comprehensive than those given in AD F. See Table 6-1 for an
overview and comparison of the various pollutant threshold levels.

2.8 Prevention of overheating in warmer weather
Ventilation rates to achieve adequate indoor air quality may not be high enough to
remove significant thermal gains. In warmer weather higher ventilation rates will
often be needed to avoid overheating.

Buildings designed in accordance with section 7 will reduce the risk of overheating
and ensure compliance with the Workplace Regulation 7 requirement to reduce
summertime overheating, see section 2.3.

28 Further guidance on iocal extract ventilation is given in section 5.2.
29 See section 6 for extra guidance on this.
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2.9 Gas safety regulations and standards
The primary gas regulations applying to educational establishments are the Gas
Safety (Installation and Use) Regulations (GSIUR).*°

The guidance to comply with these regulations is provided in a number of standards
produced by the Institution of Gas Engineers and Managers (IGEM) covering the
design, construction and maintenance of gas installations and in relevant British
Standards and UKLPG documents.

Detailed guidance on the application of the regulations in schools is given in
IGEM UP 11 'Gas installations for educational establishments' 31

This section and section 5 describe methods of installation to assist in compliance
with the regulations (GSIUR) and describe how they affect the design of particular
spaces in schools that are associated with gas pipework and gas appliances.

IGEM UP 1101 'Guidance on gas installations for the management and staff within
educational establishments' gives advice for school managers and staff which should
be included in Building User Guides.

See also IGEM UP 2, edition 3 'Installation pipework on industrial and commercial
premises'.

Gas appliances in schools can be of three types.

a. Type A flueless appliances are those that do not require a flue to be fitted to
them and include Bunsen bumers, some types of flueless gas fire, and most
domestic and catering cookers or ranges

b. Type B require a flue pipe and are referred to as open flued appliances (such
as a gas fire, a kiln or some types of larger specialist cooking appliance, for
example, fish fryer ranges)

c. Type C are referred to as room sealed (or balanced flue) and are typical of
modern domestic or commercial gas boilers and may be used for heating.

30 GSIUR online at gov.uk jegislation website
31 IGEM UP 11: Gas Installations for Educational Establishments online at the IGEM website
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2.9.1 Gas interlocks
An interlock between gas supply and mechanical ventilation is needed to ensure that
gas will not be supplied when there is an inadequate airflow. This is for safe
operation of appliances and equipment and the safety of personnel.

For Type B appliances: Regulation 27(4) of GSIUR requires that any mechanical
extract system that is required for safe operation of the appliances must be
interlocked with the gas supply.

IGEM UP 19 provides more detailed requirements for interlock systems. It states
that:

"For Type B appliances, environmental monitoring such as CO2,
temperature or humidity may be used in conjunction with variable
speed drive (VSD) systems. However, fan flow/pressures switches
or power monitoring shall always be used in conjunction with
Type B catering appliances. CO2, temperature or humidity
monitoring is not acceptable as the main interlock for Type B
catering appliances."

For Type A appliances: where an appliance is served by a mechanical extract
system that is required for safe operation of the appliances, IGEM UP 19 'Design
and application of interlock devices and associated systems used with gas appliance
installations in commercial catering establishments', 2014, requires that the
mechanical extract system must be interlocked with the gas supply. IGEM UP 19
states that:

"For new installations, CO2 monitoring would normally be used in
conjunction with either a fan flow/pressure switch or fan power
monitoring (see above and Sub-Section 5.2), but may be used
alone with Type A appliances. For Type A appliances,
environmental monitoring measuring CO2 may be used in
conjunction with other air quality sensors such as temperature or
humidity to provide information to be included in an interlock
system. It may also be used as part of a demand control
ventilation system."

Type A appliances may therefore use CO2 detectors or fan flow/pressures switches
or power monitoring interlocks.

Section 4.2 of IGEM UP 19 describes CO2 and other interlock systems for catering
establishments and should be referred to when designing CO2 interlocks for food
technology spaces in schools. See also section 5.6 of this document on food
technology spaces.
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In science and design and technology practical spaces with only Type A appliances,
itis relatively simple to use a CO2 monitoring and interlock system.
See section 2.9.2.

For Type A appliances, a acommon extract ductfrom extraction canopies can be used
with a wall mounted CO2 interlock system as IGEM UP 19 requires the ventilation
system to be interlocked and must be in operation before gas is available to cookers.

For Type B appliances, a wall mounted CO2 interlock can be used with a common
extract duct from extraction canopies but only as a secondary interlock and not as
the primary main interlock which should be as described in IGEM UP 19.
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Table 2-1 summarises the choices of different types of gas safety interlocks for
schools.

Table 2-1 Summary of interlock requirements according to appliance type.

Interlock. Appliance Appliance Appliance Comments...
system type Type A Type B Type C
Flow switch Yes Yes asa Not Simple system. Does
or air primary needed not prove
pressure interlock environmental
switch conditions.
Mechanical Yes Yes asa Not Simple system, may
ventilation primary needed be slightly better
fan power interlock than above. Does
monitoring not prove

environmental
conditions.

CO2 Yes Yes asa Not For legal reasons not
monitoring secondary needed permitted alone with

interlock Type B. Provides
but only positive proof/control
with a of the environment
primary for Type A. Suitable
interlock system for teaching

spaces in which
there are only Type
A appliances. Easy
to apply in schools
having
environmental
control system.

Variable Yes Yes asa Not Reduces power
neededSpeed Drive secondary consumption and fan

with CO2 interlock noise through
monitoring but only demand controlled
and control with a ventilation.

primary Most suitable system
interlock for teaching spaces

in which there are
only Type A
appliances.

:

Central school catering must comply with IGEM UP 19 and BS 6173.

Boiler plantrooms including gas, Combined Heat and Power (CHP) and gas fired plant
must comply with IGEM UP 3, IGEM UP 10, BS 6644 and other associated standards
for different plant types.
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2.9.2 Gas safety interlocking by environmental/CO2 monitoring
Where only Type A appliances are used, interlocking may be achieved by
environmental monitoring of carbon dioxide as described in IGEM UP 19.

Environmental CO2 monitoring can be used in most food technology rooms,
ie spaces that only contain Type A appliances andin science as Bunsen burners are
classed as Type A appliances.

In accordance with IGEM standards, gas interlocks by environmental monitoring of
CO2 should operate as follows:

a. During practical activities, the appliances shall not cause the CO2 level to
exceed 2800ppm, which will produce a signal warning of a high CO2 level

b. An automatic gas shut down shall operate when the level of 5000ppm of
CO2 is reached

At 2800 ppm supply and extract systems should be automatically switched on or
boosted and the teacher should be warned that ventilation needs to be increased.
Systems to control the ventilation to keep it under 2800ppm can include individual
canopies vented externally, supply air fans or opening windows. Below 2800 ppm
these ventilation systems can be under automatic demand control with teacher or
user override control so that noise levels can be easily controlled and energy use
can be minimised. Openable windows alone is not an adequate means to control
CO2 levels in these practical spaces.

When practical activities are not taking place and gas is notin use the ventilation in
practical spaces should be controlled to meet the normal CO2 levels for teaching
and learning spaces as described in section 2.4.

2.9.3 Carbon monoxide, carbon dioxide and flammable gas
detectors

For schools applications, any carbon monoxide (CO) or CO2 detection systems need
to comply with a standard suitable for their use and must be regularly maintained.

2.9.3.1 Carbon monoxide detectors

Chimneys and flues should be designed and installed so that they are in a position
that allows for suitable inspection and checking in the future. Inaccessible chimneys
or flues should be avoided.

IGEM UP 11 recommends that CO detection systems are located in any occupied
spaces through which, or next to which, chimneys or flues pass. This protects
against leakage from within chimneys which may not always be totally accessible for
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