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Document history

The table below is a record of the changes that have been made to this document:

Revision date Version Summary of changes

September 2017 1.0 First version for general release:

amalgamates two 2007 Designing Quality Learning Space guidelines 1
Heating and Insulation, and Ventilation and Indoor Air Quality

1  substantial changes to content to reflect current teaching practise and
flexible learning space design

T document rewritten for a target audience of architects, designers and
engineers involved in the design and specification of schools

T Ministry requirements are now cl ear
6recommendationd to make them easy



This document aims to ensure that the indoor air quality and thermal comfort of school buildings
supports quality educational outcomes. It does this by setting minimum requirements and
recommendations that must be considered when building or upgrading school buildings.

This document replaces two 2007 Designing Quality Learning Spaces (DQLS) guides: Heating and
Insulation, and Indoor Air Quality.

All projects that commence after 1 January 2018 must meet the DQLS i Indoor Air Quality and
Thermal Comfort requirements.

The Ministry of Education (the Ministry) owns one of the largest property portfolios in New Zealand,
with more than 30,000 buildings in approximately 2,100 schools.

The way teachers and learners engage with each other has changed significantly in the last decade.
School design needs to reflect the changing needs of the users, and learning spaces must be
designed to support the way they are being used.

The DQLS series of guidelines were first released in partnership with the Building Research
Association of New Zealand (BRANZ) in 2007. The update of the DQLS series has been undertaken
to ensure the spaces that are built can support the many different styles of teaching and learning.
There have been substantial changes made in this update.

Indoor air quality and thermal comfort have a direct impact on the usability of the space and on
learning outcomes. The technical guidance in this document has been developed from the latest
research and the review of schooldesignsunder t aken by the Miniestryés Desig

The Ministry gratefully acknowledges the assistance of eCubed Building Workshop, t he Mi ni str yds
Design Review Panel members and BRANZ in creating this document.

We are seeking to constantly improve the content and usability of our guidelines. If anything in this
guideline requires clarification please contact the Ministry through

Your feedback will help us to ensure this document is maintained as a valuable resource for all of
those involved in the design of our schools as effective learning environments.
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Kim Shannon
Head of Education Infrastructure Service
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This document provides technical requirements and guidelines for the indoor air quality and thermal
comfort of school buildings in New Zealand. It provides guidance for design teams to plan and specify
fit-for-purpose schools, which may include the provision of (FLS) that
support the creation of (ILE) for schools to deliver the New Zealand
Curriculum and Te Marautanga o Aotearoa.

The principle focus of this new guideline is to outline new minimum requirements and
recommendations for indoor air quality and thermal comfort, and explain in detail the various factors to
consider to meet these requirements.

The DQLS series of guidelines are written for architects, designers and engineers involved in the
design and specification of New Zealand schools. They also provide relevant technical guidance for
property managers undertaking school projects.

The DQLS guidelines are also to be referred to by property professionals for the purpose of:

9 briefing design teams

1 informing and reviewing designs and specifications
i estimating costs

1 undertaking Technical Post Occupancy Evaluations.

The DQLS guidelines set the performance requirements for new schools and the benchmark for
upgrading existing schools. The values given are intended to maximise the utility and flexibility of
learning spaces for all users. The guidelines aim to promote inclusive design and take into account the
general range of abilities and learning support needs expected to be found in New Zealand schools.
Learners with specific learning support needs may require provisions in addition to the requirements
set in the DQLS guideline series.

This document aims to be comprehensive in its guidance. For first time users, we recommend you
read all sections fully to get a broad overview.

When working on a specific project, we recommend the architect and heating and ventilation
engineers read and (in the case of new build projects), or and
(in the case of upgrade projects).

If your project contains specialist learning spaces, gymnasiums, halls, libraries, and/or administration
spaces, then you will also need to read to gain more specific guidance.

provides detailed guidelines to assist heating and ventilation engineers in carrying out
system design and analysis. In addition to providing information on the heating and ventilation
performance of particular components and systems, also provides guidance on lifecycle
costing and safety in design considerations.


http://www.education.govt.nz/school/property/state-schools/design-standards/flexible-learning-spaces/
http://ile.education.govt.nz/

Document hierarchy

The Ministry is committed to providing quality learning spaces to enable education and learning in
schools to achieve the objectives of the Education Act 1989.

The Designing Schools in New Zealand (DSNZ) document is the overarching guidance for school

design.l't st ates the Ministryd sdepignlprocess and geheoalprirgigldstool s, t h
be applied during planning and design. The DQLS guidelines support the DSNZ by providing detailed

performance requirements for refurbishing and creating new school buildings.
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Indoor air quality, thermal comfort and learning

School aged children have greater susceptibility to some environmental pollutants than adults
because they breathe higher volumes of air relative to their body weight, and their body tissue and
organs are actively growing. Children also spend more time in school than in any other environment
except home. Indoor air quality is dependent on the concentrations of CO, and other respiration
derived pollutants, volatile organic compounds (VOC), particulate matter and other pollutants such as
formaldehyde.

The primary strategies for maintaining good indoor air quality are:

1 providing suitable ventilation with clean fresh air
1 selecting low VOC building materials; maintaining a good cleaning programme, and
1 using entry/exit mats to capture dust and dirt before they are brought into the building.

Children are also more sensitive to higher temperatures than adults, and they generally prefer
conditions to be a few degrees cooler due to their higher metabolic rates and higher activity levels
over the course of a school day.

In reality, what feels comfortable is not just related to air temperature, but also to relative humidity,
surrounding radiant temperatures, air movement, occup
inside naturally ventilated buildings has been found to be related to the prevailing outdoor

temperature, and in particular to the running average external temperature experienced in the

preceding few days. Comfort expectations of staff and students will adapt accordingly to this

experience of external temperature.

Feeling Thinking
well well

Performing
well

Biological and Short-term
physical health cognitive and
mental wellbeing

Long-term
academic
success and
achievement

Figure 0.1 The connection between physical health, cognitive and mental well-being, and long-term academic
achievement (Credit: derived from the Schools for Health Program, Harvard T.H. Chan School of Public
Health).

Importance of indoor air quality and thermal comfort
The previous DQLS 7 Ventilation and Indoor Air Quality (2007) guidelines note that:

fBased on a survey carried out for the Ministry of Education by AC Neilson, teachers felt
ventilation and airflow was critical overall and that these were closely linked to their ability
to maintain control over the temperature in classrooms. Students also rated good
ventilation, along with having rooms that were not too hot or too cold, as important in
helping them to learn. o

Designing Quality Learning Spaces i Indoor Air Quality and Thermal Comfort 3



A recent multi-level analysis of 153 classrooms in 27 primary schools in the UK, by Barrett et al.
(2015) identified the impact of physical classroom features on the academic progress of the 3,766
pupils who occupied those spaces. It identified seven key design parameters that together explain

16% ofthevariat i on i n studentsd academic prolghtess. These

temperature, air quality, ownership, flexibility, complexity and colour.

Design parameters
contributing to a
16% variation

- ! Flexibility
in academic 11%
progress
Air Quality
16%
Temperature
12%
Ownership
17%
Figure 0.2 Relative contribution of key classroom design parameters to academic progress (Credit: derived from

Barrett et al., 2015).

Of the 16%, a third of the variation was due to indoor temperature and air quality.
Some of the principal findings of the study related to indoor temperature and air quality include:

1 unwanted sun heat is a problem where external shading is absent

1T large window size is not universally valuabl e
shading control (internal and external), the size and positioning of windows all have to be taken
into account so that the risks of glare, over-heating and poor air quality can be avoided at the
design stage

1 students perform better where temperature control is easy
factors that affect CO, concentrations are correlated with learning progress
students perform better in teaching spaces that have mechanical ventilation, large volume or large
opening windows.

The study also supports inside-out design that builds from a focus on user needs, and challenges the
visual dominance of much design effort.

Adapting to different teaching methods

The 2007 DQLS guidelines were focused on the traditional aspects of heating, insulation and natural
ventilation. These old guidelines were prepared when classrooms were more simple shapes with
shallower plan dimensions, and characterised by more structured and uniform occupation patterns.

4 Designing Quality Learning Spaces i Indoor Air Quality and Thermal Comfort
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New schools are being designed with flexible learning spaces to enable innovative learning
environments, supporting a broader range of student learning needs and teaching practice. Flexible
learning spaces have different requirements in terms of environmental control due to their occupancy
patterns and flexibility. Deeper plans and lower ratios of perimeter wall area to floor area also change
ventilation and temperature control solutions. Occupation of large flexible learning spaces is generally
less uniform, with teacher and student use varying considerably both spatially and temporally, and
from inside to outside.

New buildings are being built better in terms of weathertightness, insulation and glazing standards.
Also in the last decade, a greater awareness of sustainable design and construction has resulted in a
focus on higher standards of indoor environmental quality, wellness and energy efficiency, and
greenhouse gas emissions.

In these new learning spaces design solutions for suitable thermal environments has switched from
needing heating to being at risk of overheating and from ventilation that works in summer only to year-
round ventilation. Designers are having to meet these new requirements whilst managing lifecycle
costs and environmental impacts.

Figure 0.3 An example of a flexible learning space. Multiple learning activities are taking place in different areas
with varying occupant numbers throughout the space.

DQLS Indoor Air Quality and Thermal Comfort - Overview

The DQLS - Indoor Air Quality and Thermal Comfort guidelines have been developed to set the
minimum standard for school buildings. Getting the indoor environment right is fundamental to
enabling students and teachers to be comfortable in their learning spaces. Providing good ventilation
rates and thermal control in learning spaces has been shown to support improved educational
outcomes and academic results.

In addition to the minimum requirements expected by the Ministry, this guideline offers best practice
recommendations intended to help users in setting priorities and making design decisions. A sample
of these requirements are:

9 occupied learning spaces are expected to have adequate ventilation to provide a minimum indoor
air quality range of 1000-1500 ppm CO, (or less) over the course of the school day

9 indoor air temperatures within occupied learning spaces are expected to be withihna r ang e
to25eC for the majority of the year
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1 the lifecycle cost of plant and services providing appropriate air quality and thermal comfort are to
be resolved at the design stage, to enable good investment decisions to be made

1 teaching staff and students should be able to respond to internal air quality and temperature
information to manage their own internal environment.

Within this guideline:

Ministry requirements and key information are in RED, look for the & symbol on pages where there
are mandatory requirements.

Ministry recommendations and other key concepts are in BLUE, look for thev symbol on pages
where there are recommendations.

Integrated design philosophy

Designers are to apply an integrated design approach to the design of schools and learning spaces.
The usability of a space, acoustics, ventilation, daylight and energy use are interrelated and a change
to one factor often impacts other factors.

Daylight
Acoustics Usability of space
Energy use Ventilation
(heating/cooling) (natural/mechanical)
Figure 0.4 An integrated design approach is required to ensure quality learning spaces are optimised over all five

environmental parameters.

While all environmental factors need to be optimised, the following hierarchy is essential when making
value engineering decisions to meet the available budget for upgrades to existing buildings:

Usability of space > Acoustics > Ventilation > Daylight > Energy Use

For new bui |l di npgriormancereguirbhnents nsust beyniets For upgrades or
redevelopments, as near to the guidelines as reasonably practicable is expected.

A major upgrade would be expected to meet all or most of the requirements and recommendations,
whereas a minor upgrade should target specific requirements and recommendations where the works
involved are practically capable of achieving them.

Designing for good air quality with suitable thermal comfort will provide well ventilated buildings with
comfortable learning spaces.
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The following section quantifies the Mindoorsait ryds

quality and thermal comfort in schools. These performance requirements have been set to enable the
design and upgrade of schoolstobeini n | i ne wi t lexpdctatiens bhilearnisgt r v 6 s
environments. These spaces should support a variety of teaching and learning approaches, while also
providing adequate levels of comfort, and ensuring an environment conducive to good health and
wellbeing.

Designers will need to consider four key performance outcomes and associated control measures:
1 indoor air quality i

1 ventilation design i

9 indoor temperature range and control i

9 provisions for teacher and student monitoring and control of indoor air quality and temperature i

These minimum requirements ensure compliance with existing statutory obligations, and go beyond
the minimum standards required by the New Zealand Building Code (BC) to ensure appropriate
ventilation and temperature control are provided to support good education outcomes in our learning
spaces. These standards draw on a variety of relevant national and international best practice
standards and guides.

Local environmental factors will also have significant implications for all aspects of the building design.
Consideration of site-specific environmental factors is a key part of the design optimisation process,
and a key part of these requirements.

Designers should develop specific design solutions that ensure good and balanced performance
outcomes across all parameters.

Indoor air quality is an important environmental measure that research suggests has a significant
impact on academic performance in schools. The Ministry wants to ensure adequate outdoor air is
provided to each learning space to ensure students and teachers can learn and work comfortably in
the space. The concentration of carbon dioxide (CO,) in the air is a good marker to check the general
indoor air quality. This is measured in parts per million (ppm).

The concentration of CO, in outside air depends largely on the geographic location, air movement
effects (wind) and proximity to air pollutant sources (such as roads, heavy industry or geothermal
areas). Research suggests that normal urban atmospheric concentrations range from 450-600 ppm.

In enclosed spaces, normal respiration rates of occupants will naturally increase CO, levels above
atmospheric levels. illustrates the relationship between indoor CO, concentrations,
ventilation rates expressed both as air changes per hour (ACPH), as litres per second per person
(L/s/P), and various performance metrics (subjective occupant response, normalised student
performance and school absenteeism). The performance outcomes associated with CO,
concentrations and ventilation rates are based on findings from Barrett et al. (2015) and Chatzidiakou
et al. (2014).

mi
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1.2 Performance requirements

the average concentration of CO, should not exceed 1,500 ppm when measured at seated head
height (1200mm), during the continuous period between the start and finish of teaching on any
day. An average of 1200 ppm or lower is required

the maximum peak concentration of CO, should not exceed 3,000 ppm during the teaching day

at any occupied time, the occupants should be able to purge air to lower the concentration of CO,
to 1,000 ppm within 10 minutes

a purge threshold of 800 ppm or lower is recommended

a CO, monitor with direct reading display is to be provided in a central location in each learning
space. This is to assist the teaching staff and students to manage CO, by opening windows etc.
Refer to Section 1.4 for further details

provide appropriate local ventilation devices for specialist technology spaces. Refer to Section 4
for further details

for new or upgraded learning spaces, the building materials and components should be specified
to fall below the maximum allowable VOC-content, or the maximum allowable VOC-emission rates
as described by the New Zealand Green Building Council (NZGBC) Education Technical Manual

provide entry/exit mats at principal entry/exit points to mitigate dust and dirt tracking from outside
to inside.

Designing Quality Learning Spaces i Indoor Air Quality and Thermal Comfort
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Figure 1.1
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SECTION 1

CO, concentrations for buildings naturally fluctuate over the day depending on the occupant load,
activities being performed and time of year. The ability of occupants to open and close doors and
windows will also affect the internal air quality. This can be seen in the following two figures which
illustrate the typical pattern and significant variability of CO, concentrations.

25 Mon 26 Tue 27 Wed 28 Thu 29Fn 30 sat |
Jul 2016 Date & Time !

Figure 1.2 An example of measured CO, concentrations (ppm) for a naturally ventilated flexible learning space in
Auckland over one week period during winter.

Maximum daily limit
3000 ppm

Maximum daily
average 1500 ppm

Actual daily average
1220 ppm

10 minute purge
threshold of 1000 ppm

6am 12p.m
28 Thu Jul 2016 Nate & Time

Figure 1.3 An example of measured CO, concentrations (ppm) for a naturally ventilated flexible learning space in
Auckland during a winter& day.
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In , CO, concentrations rise and fall over the course of a typical day and follow a similar
pattern over the week.

In , CO, concentrations rise from a base of 400 ppm (equivalent to external atmospheric
CO, concentrations) to peak of ~2,200 ppm at around 11am. CO, concentrations then drop over the
lunchtime period before rising again to a secondary peak of ~1000 ppm around 3pm. Being winter,
windows and doors are generally closed first thing in the morning to conserve heat. Over the course of
the day windows and doors are opened as occupants move between indoor and outdoor learning
environments, or in response to feelings of stuffiness as CO, concentrations, temperature and
humidity increase.

By way of context, the NZ Workplace Exposure Standards specify an average CO, concentration limit
of 5,000 ppm over the course of an eight hour day and a five day working week (the Time Weighted
Average limiti TLV-TWA). The specified short-term exposure limit is 30,000 ppm over any 15 minute
period (TLV-STEL).

CO, is recognised as a useful proxy for respiration derived pollutants (including airborne pathogens
and anthropogenic odoursl). Due to the range of sources and types of possible pollutants, it is difficult
to define an acceptable threshold for all indoor pollutants. In typical non-specialist learning
environments general pollutant levels may be reasonably characterised by the amount of CO, in the
air. The CO, concentration limits set out above are intended to serve as a limiting proxy for a range of
other airborne pollutants.

The available evidence indicates that even the highest CO, concentrations likely to be encountered in
learning spaces in schools would not in themselves constitute a risk to health, but rather a temporary
impediment to cognitive performance, particularly in relation to speed.

Particulate matter (PM) is an air-suspended mixture of solid and liquid particles from both human and
natural sources. PM is normally classified by size (PMy, includes particles of <10 em diameter, and
PM,s<2.5¢ m) . ;o falicles are coarser. Due to their size, they can be intercepted and filtered by
the nose and throat. Finer PM, 5 particles may pose a greater risk than PM;, particles as they can
penetrate into the deepest parts of the lung. Studies in schools have shown that roughly half the
sources of PM, 5 particles comprise of: soil particles tracked in from outside?, a mix of organic material
from gpersonal cloudsocomprising skin flakes and other bio-effluents, clothing fibres, possible
condensation of VOCs, and calcium particles from chalk and building deterioration. The other half
comes from outside and includes minerals from hard surfaces and from road traffic.

Generation and re-suspension of these patrticles is a function of indoor/outdoor movement and activity
levels in the learning space. Indoor levels can be two to five times higher than outside, and sometimes
significantly higher.

Consider strategies to reduce PM levels, including good ventilation, using well-maintained HEPA
vacuum cleaners, and the use of entry/exit mats to mitigate dirt tracking inside.

! Chatzidiakou (2014), p. 170
2 Rovelli et al. (2014); Alves et al. (2013); Fromme et al. (2008)



A wide range of VOCs and other potentially harmful substances may be emitted by building materials,
furnishings and appliances. These are of particular concern in new or recently refurbished and
refurnished buildings, as VOC emissions are typically highest from new products and diminish over
time. Concentrations of these pollutants may be controlled through the specification of low VOC-
content products, and through the specification of adequate ventilation strategies and temperature
ranges’.

There is evidence to suggest that maintaining classroom temperatures below 26°C (and preferably
below 22°C) may also reduce VOC concentrations®. CO, concentrations may be a poor proxy for
these types of pollutants, particularly in the context of new or recently refurbished and refurnished
buildings. However, the broad range of specific compounds, variable toxicities, and wide variety of
VOC sources make this class of pollutants difficult to set standards for effectively and completely.

A wide range of other pollutants may be encountered in specialist learning spaces such as
laboratories, workshops and art studios. These are discussed in

Ventilation may be provided through either natural or mechanical means. The strategy employed will
depend on the form of the school building, its size, occupancy density, acoustics and other site
specific requirements. Wherever practical, natural (passive) or semi-natural (passive) ventilation is
preferred by the Ministry, provided minimum requirements in terms of pollutant control, and
temperature level stability and control, are met.

Natural ventilation entails the provision of windows and other vents that may be manually opened and
closed. Natural ventilation is usually associated with smaller, spatially simple enclosures, but can be
an effective strategy in larger spaces with careful modelling and specific design. Natural ventilation
relies on internal-external air pressure differentials, or on vertical thermal differentials within building
spaces (the Gtack effectd, to drive air movement.

Mixed natural/mechanical and wholly mechanical ventilation is suited to larger, spatially complex
enclosures with moderate to high occupancy levels. Mechancial ventilation may also be appropriate
for internal rooms in deep plan buildings, or where acoustic requirements preclude the use of natural
ventilation.

Different design principles govern each strategy; they are addressed separately below.

Minimum outdoor ventilation rates nominally equivalent to four air changes per hour, providing
approximately eight litres per second per person, will be considerably exceeded by opening windows
in warmer weather. It is expected that the summer range of CO, levels will vary from approximately
400 ppm to 1,000 ppm over the course of a day. Maintaining good indoor air quality in naturally
ventilated buildings during cold weather is more difficult and relies, to a certain extent, on staff
intervention to open windows, as described in

! Chatzidiakou (2014), p. 175
? Ibid., pp. 168, 175; Kagi et al., (2009)



In warm climate zones, the provision of trickle vents and a range of window opening arrangements
with a CO, monitor, can meet the requirements of Section 1.1.

Mixed natural/mechanical ventilation

A Natural ventilation arrangements are to be supplemented by additional powered or non-powered
supply/exhaust systems with variable flow capability linked to CO, automatic control where buildings
have:

1 deeper plan
1 single sided ventilation that cannot be naturally ventilated adequately

1 complex building shapes with airflow deadspots.
Also consider spaces such as breakout areas where doors may be closed during a classroom session.

V In cold climate zones where natural outdoor air ventilation may result in cold draughts and discomfort,
mechanical heat recovery or mixed-mode ventilation is to be considered.

Mechanically ventilated

A Where natural outdoor air ventilation is precluded, a filtered mechanical outdoor air ventilation system
is to provide the minimum flow rates as per NZS 4303:1990 Ventilation for acceptable indoor air
quality or AS 1668.2:2012 Mechanical ventilation in buildings, and as per the particular Ministry
requirements given in Section 4.

For example, for schools in cold climate zones where natural ventilation would result in cold draughts,
for internal rooms, for acoustic reasons, for external pollutant reasons, or because the spaces are of a
specialist nature with specific ventilation requirements as described in Section 4.

1.4 Indoor temperature levels, stability and control

Overheating, rather than underheating, is the key concern in new schools due to better building
insulation and airtightness, particularly in schools without active cooling. Evidence indicates that
children attending schools in temperate climates may be more sensitive to higher temperatures than
adults and that they generally prefer conditions to be a few degrees cooler due to their higher
metabolic rate and activity levels over the course of a school day.

Figure 1.4 below indicates that if higher temperatures over summer are present in the learning space,
they may have a reasonably significant effect on student performance, particularly in terms of
cognitive speed. However, in practice these elevated temperatures may only persist for a few hours a
day during warmer weather.

Indoor temperature should remain within a comfortable range throughout the school day. However,
what feels comfortable will vary according to the time of day, relative humidity, radiant temperatures,
occupant activity levels, air movement, and individual preference. There are a number of artificial
comfort or operative temperature equivalents that attempt to consider all these factors.

The subjective comfort levels reported by occupants in free running naturally ventilated buildings
without recourse to air conditioning have also been found to be related to the prevailing outdoor
temperature, and in particular to the running average in the preceding few days. In simple terms,
higher internal temperatures become more tolerable to occupants during sustained periods of warm
weather.

Designing Quality Learning Spaces i Indoor Air Quality and Thermal Comfort



This adaptive concept of comfort relies on the occupants being able to adapt their space and clothing,
for example:

opening windows for increased air movement

operating blinds to block out sun or providing external sun shading

1

1

1 switching on ceiling fans

1 wearing lighter clothing in summer
1

having regular access to drinking water.

Models have been developed by both ASHRAE (ANSI/ASHRAE Standard 55) and CIBSE (CIBSE
TM52) that take into account all the above factors in a holistic way. Their application is fairly complex
to evaluate, although available computer software can automate this task. The CIBSE version TM52
also relies on the development of Design Summer Year (DSY) files rather than the Typical
Meteorological Year (TMY) files commonly available in New Zealand.

For this reason, a modified version of the more established performance standards given in the CIBSE
Guide Book A, and in the UK Building Bulletin 101 i Ventilation of School Buildings has been used as

the basis of the Mihesestandayd$ lave beemmodified by tha uses of modelling

in different New Zealand locations to determine locally appropriate hours of exceedance values. They

use fixed air temperature rather than variable adaptive temperature as a metric.

If DSY files are developed for New Zealand locations, then the use of CIBSE TM52 as an alternative
overheating standard at the design stage is considered acceptable.

Minimum temperature requirements

A 1 all learning spaces (except gymnasiums) are to be provided with a heating system sufficient to
maintain a minimum temperatureof 18e C dur i ng nor ma lmeapuecd ata d s
height of 1m above floor level

1 administration, resource work and meeting spaces, and staffrooms are to be provided with a
heating system sufficient to maintain a minimum temperature of 20°C during normal periods of
occupation, measured at 1.5m above floor level

1 spaces such as corridors and multipurpose halls and gymnasiums are to be provided with a
heating system sufficient to maintain a minimum temperature of 16°C during normal periods of
occupation, measured at a height of 1.0 m above floor level

1 provision for heating Universal School Bathrooms (formerly High Dependency Units) is required,
so that these rooms can be heated to 22°C

v 1 the use of radiant panel type heaters is recommended for Universal School Bathrooms
1

toilets and change rooms are not required to be heated.

Heating system recommendations

A Heating systems are to be appropriate to the climate zone and the longterm availability of fuel/energy
sources. A lifecycle costing/options report is required as described in Section 5.7.

Systems that could be considered include:

1 central boiler systems in conjunction with low surface temperature radiators, underfloor heating or
warm air fan coils. Consider alternative and available fuel sources, eg natural gas and wood
chip/pellet. New coal-fired, fuel, oil, electric, and LPG boiler installations are to be avoided

9 air or ground source hot water heat pump along with underfloor heating or warm air fan coils

electric radiant heating
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1 reverse cycle, split air conditioning heat pumps
1 reverse cycle multi split, variant refrigerant flow (VRF) air conditioning systems
1 packaged ducted air conditioning systems.

Each principal activity space is to be capable of individual zone temperature and time control. It should
be possible to override the time control to provide additional heating in each space by the provision of
afterhour switches to allow for pre and after school use of individual spaces.

Maximum internal temperature requirements
A Schools are to be designed to ensure overheating does not occur.

Overheating can cause thermal stress to occupants and creates uncomfortable indoor environments.
Overheating is most likely to occur during summer months for the occupied period of 9am to 3:30pm,
Monday to Friday. For design modelling purposes, summertime is between the dates 10 October to
20 December, and 1 February to 15 April (school terms 4 and 1 respectively).

& To show that the proposed school building will not suffer overheating, learning spaces, libraries,
administrative offices, staffrooms and multipurpose spaces are to be designed to comply with at least
two of the following three criteria:

(1) there should be no more than the number of hours given in Table 1.1 when the air temperature
in the classroom rises above 25°C and 28°C

(2) the average internal to external temperature difference should not exceed 5°C (ie the internal air
temperature should be no more than 5°C above the external air temperature on average over a
day during school hours)

(3) the internal air temperature when the space is occupied should not exceed 32°C.

Criteria notes

1 Gymnasiums and ancillary spaces are excluded from these criteria. However, good thermal design
principles should still be applied.

1 Condition (1) describes the amount of time that overheating above a desirable maximum
temperature of 25°C and to an elevated temperature of 28°C. The latter temperature indicates the
upper limit of internal temperature that is considered both hot and uncomfortable.

1 Condition (2) ensures that the change in temperature staff and students experience moving from
outside to inside remains within tolerable limits. The lower the value the more desirable. 5°C
represents the upper threshold.

9 Condition (3) describes the maximum temperature of 32°C above which it is highly undesirable to
exceed.

AThe designer is to demonstrate within a projectods pre
maximum summertime temperature requirements described above will be met for learning spaces and
multipurpose spaces only.

For simple building forms, provision of a design statement and any supporting calculations will be
sufficient (types 1A, 2A and 1B, as described in Figure 2.8).

For more complex building forms, the design statement is to be supported by a thermal modelling
report (types 2B and 2C, as described in Figure 2.8).
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Cooling requirements

In naturally ventilated spaces, high summertime temperatures can be mitigated by low-noise variable-
speed ceiling sweep fans.

The cooling effect of these local fans can be equivalent to reducing the perceived comfort temperature
by around 2°C.

v Ventilation openings should have a combined area of between 7.5 to 10% of the floor area.

The representative window area being the total face area of the openable vents and assuming an
aerodynamic area coefficient of approximately 50%. Modelling can provide a more accurate
assessment of the aerodynamic areas of differing window types.

If vents are more constricted than this then the percentage area of openable vents to floor area should
be increased on a pro-rata basis. The ventilation area should be well distributed, ideally with high and
low level openings, and wherever possible are to be configured to avoid stagnant air pockets.

Reliance on opening doors as the predominant means of natural ventilation should be minimised.
Preference is given to more operable and controllable vents and windows, which should provide a
range of ventilation openings suitable for different times of the year.

Active cooling system recommendations

Where it can be demonstrated by modelling that the summertime temperature criteria given in (1)
above cannot be reasonably achieved by natural ventilation and good passive design, then
mechanical ventilation may be considered as more appropriate for summertime temperature control.
This is more likely to be the case for new school buildings in locations with warmer summer
temperatures (Northland, Auckland, Hawkes Bay, Nelson/Blenheim and Christchurch).

Some specialist spaces should always be provided with active cooling as described in Section 4.

Other administrative spaces that require high levels of acoustic privacy may be provided with cooling
at the discretion of the Ministry and the school.

Energy efficiency for both the energy consumed in circulating air, and the energy consumed in
heating/cooling should be of concern to designers. Careful analysis is required in order to provide
justification on a school-by-school basis.

Appropriate use of a HVAC system may also include:
1 sites that are affected by high levels of road or air traffic noise, or that generate significant noise
themselves (eg music rooms or workshops)

i sites that are exposed to high levels of pollen or other outside air contaminants may also require
mechanical ventilation and filtration

school building forms with excessively deep spaces where natural ventilation may not be feasible
spaces of a specialist nature, eg performing arts centres

1 buildings where the amount of air required for summertime temperature control are large, and
analysis deems it inefficient and costly to operate heating/cooling separately.

A Where an HVAC system is required and agreed by the Ministry, then the system is to be sized and will
operate with set points 2°C below the NIWA 1% summer dry bulb design temperature (ie if the NIWA
1% summer design temperature is 27°C, the system is to be designed and operated to maintain
25°C).

16 Designing Quality Learning Spaces i Indoor Air Quality and Thermal Comfort



Allowances are also to be made for adjusting the current NIWA 1% design criterion for increased
incidence of extreme conditions as predicted by Ministr y f or t he @&imateichange ment 6 s
projections. HVAC systems to be considered include:

1 reverse cycle split air conditioning heatpump in conjunction with minimum CO, controlled outdoor
ventilation system, with or without heat recovery depending on climate zone

1 reverse cycle multi split or hybrid VRF air conditioning systems in conjunction with minimum CO,
controlled outdoor ventilation system, with or without heat recovery depending on climate zone

9 all air packaged air conditioners with ducted supply and return/spill air complete with economiser
cycles and CO, controlled minimum outside air control.

The choice of HVAC system may be subject to a lifecycle cost benefit analysis, as described in
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:: Table 1.1

Climate zone

North Island
17 Warm

North Island
2A'1 Cool

North Island
2B 1 Warm

North Island
3AT Cool

South Island
3BT Warm

South Island
3Ci Cold

Sub zone towns/cities*

Northern North Island

Central North Island

South West North Island

Eastern North Island

Central North Island

Northern South Island

Western South Island

Eastern South Island

Inland South Island

Southern South Island

Kaitaia, Whangarei, Auckland

Hamilton, Rotorua

New Plymouth, Whanganui, Palmerston North,
Wellington

Gisborne, Napier, Hastings, Masterton

Taupo

Nelson, Blenheim

Westport, Hokitika, Greymouth

Kaikoura, Christchurch, Timaru

Wanaka, Queenstown, Alexandra

Dunedin, Invercargill

*For demarcation of climate zones and sub-zones see Figure 1.5.
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Allowable hours above 25°C and 28°C for New Zealand schools in specified locations during the
occupied period of 9am to 3:30pm, Monday to Friday from 10 October to 20 December, and 1 February
to 15 April.

No. of hours

25°C

250

150

150

250

150

150

50

150

50

20

above

28°C

50

10

10

60

10

20

10

40

10

10
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New Zealand climate zones and sub-zones.
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Climate change effects

The Ministryf or t h e E n@limateoOhangePtojéctions for New Zealand (2016) concludes
that climate change effects will result in higher temperatures, with greater increases in the North Island
than in the South, with the greatest warming in the North East. The amount of warming in New
Zealand is likely to be lower than the global average. Warming will be greatest in the summer season,
and least in winter and spring.

Temperature extremes are anticipated to change significantly by the end of the century, with maximum

temper at ur @moreopfr e2dsiecG ed t o double or quadruple in fre
overheating criteria requirements are therefore likely to change over time, with greater reliance on

active cooling in warmer regions. This response should be viewed in conjunction with the anticipated

lifecycle of heating/cooling systems, typically 15 to 25 years, and also with the need to minimise

greenhouse gas emissions in the short to medium term.

1.5 Provisions for teacher monitoring and control of
environmental conditions

In naturally ventilated and passively controlled learning spaces, teaching staff and students have a key
role in maintaining the CO,, ventilation and temperature requirements given in Sections 1.1, 1.2 and
1.3. However, teachers are busy performing their pedagogic role and are sometimes uncertain of their
role in maintaining conditions in the classroom. Research suggests that teachers frequently
underutilise windows, resulting in inadequate ventilation®. It is also recognised that maintaining a
healthy and comfortable internal environment is a good life skill for students to acquire.

Operation of windows and doors in learning spaces needs to be as simple and intuitive as possible,
and should be supported by good information regarding when to open doors and windows, and by
how much.

Allocation of the responsibility for opening windows becomes more complex in flexible learning spaces
which are shared by a larger number of students and teaching staff. Their interconnecting spaces also
raise the potential for disrupting cross-ventilation. Consideration should therefore be given to the
extent to which students should be able to control ventilation rates.

Ministry requirements

A Provide CO, and internal/external temperature display in a central location within each learning space,
with instant visible feedback to local users. This is to be provided with either:

a) a simple laminated or framed user guide adjacent to the display. A simplified example is given
in Figure 1.8. Note that this must be altered as appropriate to suit the specific design of the
teaching spaces; or

b) an electronic display device to be used with inputs from the CO, and internal/external
temperature monitors, with a graphic display of actions required by users.

Educate and require the teaching staff to appoint student monitors in each learning space to take joint
responsibility for looking at the temperature and CO, levels at the start and finish of each school
period, setting the windows/vents, and operating the ceiling fans accordingly.

® Gully (2015), p. 29; Liaw (2015), Table 13, pp. 37-38
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Figure 1.6 Combined inside/outside temperature, CO; (ppm) and relative humidity display device.
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INNOVATIVE LEARNING ENVIRONMENT

* AN INTERACTIVE DISPLAY SCREEN THAT PROVIDES TEACHERS AND STUDENTS WITH INFORMATION ON THE INTERNAL
ENVIRONMENT AND REQUIREMENTS TO MAINTAIN IT IN AHEALTHY AND COMFORTABLE CONDITION

+  STUDENT 'AGENCY’'AND LEARNING OPPORTUNITIES
+ ABILITY TO PROVIDE/LINK PERFORMANCE MONITORING DATA ON A CLASSROOM, SCHOOL, DISTRICT OR WHOLE OF NZ LEVEL

FRICKLE VENT
(WINTER)

HL WINDOW
(SPRING/AUTUMN)

LL WINDOW
(SUMMER)

NATURAL
VENTILATION

- Co, +  CO, LEVEL EXCEEDED 1500 ppm, 3000 ppm +  WEATHER FORECAST & CURRENT WEATHER
+  INTERNAL TEMPERATURE +  OUT OF TEMPERATURE BAND RANGE 18-25°C  + SIMPLE OVERVIEW/USER GUIDE OF
+  EXTERNAL TEMPERATURE +  GRAPHICAL ADVICE ON SET POINT ADJUSTMENT, ENVIRONMENTAL CONTROL FEATURES OF
. SET POINT ADJUSTMENT OPENING WINDOWS & OPERATION OF CEILING  LEARNING SPACE
FANS, WATER INTAKE & DRESS CODE + INFORMATION ON IMPACTS OF CO, AND
C:.I:Si tA10:12lTOR COMPORTRATING «  WEEKLY COMFORT TREND TEMPERATURE ON LEARNING OU'I?OMES
COLD HOT

+ AFTER HOURS USE BUTTON

Figure 1.7 Interactive control display.
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Figure 1.8 Teacher window position and ceiling fan matrix to be reviewed at start and finish of each period/lesson. Actual settings will depend on ambient wind and noise
conditions
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