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Foreword 
The New Zealand Ministry of Education has used an evidence-based approach to address ventilation in schools and early 
childhood and care centres (ECEs) as part of its response to the COVID-19 pandemic. 
  
Over the last 12 months, the Ministry’s COVID-19 ventilation programme, in collaboration with its advisory group of 
ventilation experts, have undertaken numerous targeted studies, which informed our ventilation guidance to schools 
and ECEs. 
 
In August 2022, the programme initiated a ventilation monitoring initiative which involved continuous monitoring of 
carbon dioxide (CO2), temperature and humidity levels in five ECEs spread across the country. This report is based on 
the data collected during this initiative, which evaluated the ventilation performance of naturally ventilated ECEs to 
inform proactive ventilation management and improvement guidelines. 
 
The information gained through this programme has been valuable for the Ministry and the participating ECEs in 
determining how best to achieve adequate fresh air ventilation and a comfortable indoor temperature at the same time.  
 
 
 
 
 
Sam Fowler 
Head of Property 
 

mailto:ventilation.mailbox@education.govt.nz
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Executive Summary 
 
The Ministry of Education’s COVID-19 ventilation programme aims to minimise the risk of airborne virus transmission 
of SARS-CoV-2 and other airborne infections through good ventilation practices in schools and early childhood and care 
centres (ECEs). Following a range of evidence based studies, the Ministry has provided guidance and support through 
the warmer and colder seasons through 2022.  
 

Though natural ventilation (i.e., opening windows) works more efficiently when there is a driving force such as a breeze 
or a temperature difference between indoors and outdoors, more attention is required to balance the use of any 
openable windows and heating systems to provide safe and comfortable indoor environments for children. 
 

To assist with this, the Ministry engaged with a number of schools to assess how the Ministry’s ventilation advice and 
support was working in practice, including approximately 40 schools having additional CO2 and temperature monitors 
temporarily installed in a range of learning and staff spaces to help determine how best to balance fresh air and indoor 
temperatures.   
 

This paper relates to five ECEs where data was retrieved from August (southern hemisphere winter) to November 
(spring) 2022. Feedback and suggestions were made and shared with the participating ECEs in a fortnightly meeting and 
the key findings were that: 
 

• Across all participating ECEs, the CO2 levels were largely within the ‘good target’ (less than 800 ppm) for 60% 
to 80% of the operating time, while the temperature levels were within the comfortable target (18-25 °C) for 
more than 80% of the operating time. 

 

• The lowest percentage of operating time that CO2 levels were less than 800 ppm was recorded in the 
multipurpose spaces, and the highest maximum CO2 levels were recorded in the sleep/rest rooms.  

 

• While ventilation challenges in multipurpose spaces could be attributed to gathering of children (many children 
within the space), the elevated levels recorded in sleep/rest rooms indicated the need for improved ventilation 
in sleep rooms. Generally, the spaces where it was most challenging to balance ventilation and heating were 
in ECEs located in the colder climates. 

 

• The ECE staff suggested that the CO2 monitors gave teachers awareness of how to manage ventilation and 
informed them when it was necessary to “refresh” a room.  

 

• The operational and property solutions considered by the ECEs to improve ventilation and thermal comfort 
included opening doors and windows for air flow, preheating the spaces on cold days and the installation of 
new windows that can open. 

 

• The overall results suggest that it is possible to achieve adequate ventilation and comfortable indoor 
temperatures in most ECE spaces, most of the time, and that simple physical or operational changes will make 
these achievable for most of the rest of the time and in most spaces 

 

It is recommended that: 
 

• The centre-based1 licencing criteria or guidance (PF12 Lighting, ventilation, heating and acoustic materials) will 
benefit from being strengthened as currently it only prescribes “ventilation (natural or mechanical) that allows 
fresh air to circulate (particularly in sanitary and sleep areas)” and doesn’t define the requirements for 
achieving fit-for-purpose ventilation and indoor environmental quality in general.  
  

• The risks, strategies and solutions for improving ventilation in sleep/rest rooms require further, priority analysis 
because sleep rooms are areas that are by nature challenging to ventilate in accordance with published COVID-

 
1 There are similar licensing criteria for home-based services and kōhanga reo 

https://www.education.govt.nz/early-childhood/licensing-and-regulations/the-regulatory-framework-for-ece/licensing-criteria/centre-based-ece-services/premises-and-facilities/general/pf12-heating-lighting-noise-and-ventilation/
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19 guidance. A mixed mode ventilation system is one way this could be addressed given that this system can 
be changed throughout the day to suit conditions. 

  

• Hence, there is value in further and more extensive monitoring of indoor environmental quality in ECEs to 
inform evidence based ECE indoor environmental quality standards.  

Given that this initiative was designed not to disturb normal learn and play activities, other real-time information such 
as occupancy, and actions taken by occupants which directly impacted ventilation were not recorded. Thus, the 
conclusions that this initiative can draw from the analysis is limited. However, the information gained has been valuable 
for the Ministry and the participating ECEs in determining how best to balance fresh air and indoor temperatures. 
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1.0  Introduction 
In October 2021 the Ministry initiated the COVID-19 Response: Ventilation in Schools programme in response to the 
increasing COVID-19 Delta variant risk, a growing awareness of airborne transmission and the concern that educational 
facilities may be environments with a higher risk of transmission.  

Published guidance was provided to schools based on a range of empirical studies (Longley & Somervell, 2022; Ackley 
et al., 2022; Sutherland et al., 2022a; Sutherland et al., 2022b; Chen et al., 2022) that showed that opening windows 
and doors is an effective strategy to increase ventilation and reduce the likely spread of airborne diseases such as COVID-
19. From February 2022, ventilation guidance was provided for ECEs, with its content primarily drawn from the guidance 
supplied to schools. 
 
Early childhood services (services) provide education and care to children under the age of 6 who are not enrolled in 
school. While services are private businesses (either for profit or not-for-profit) they receive government funding and 
are required to meet minimum standards.  

Services are licensed in accordance with the Education and Training Act 2020, the Education (Early Childhood Services) 
Regulations 2008 and associated licensing criteria. The regulations prescribe standards that each service must meet, 
and licensing criteria set out how services meet the minimum standards (such as ventilation and temperature) required 
by the regulations. Bedford (2019) measured the indoor temperature and humidity in 22 full-day ECEs and suggested 
the need to increase the minimum indoor temperature to 18 °C, which has been implemented in the current ECE 
licensing criteria and increase ventilation levels especially in sleep rooms. 

Given that ventilation and Indoor environmental quality in ECEs has been under-studied (Flood, 2019), there was 
heightened concern about the ventilation performance of ECEs in light of the COVID-19 pandemic. To inform and refine 
the COVID-19 ventilation guidelines for ECEs, aimed at achieving both good ventilation and comfortable indoor 
temperatures, CO2 and temperature data collected from 29 spaces in five ECEs, in four Climate Zones in New Zealand 
was analysed.  
 
The aim of this paper was to report on a wide range of data collected and analysed between August to November 2022, 
to understand the ventilation performance of naturally ventilated ECEs to inform proactive ventilation management 
and to improve guidelines.  
 
 
 

https://temahau.govt.nz/covid-19/advice-early-learning-services/ventilation-early-learning-services
https://www.education.govt.nz/early-childhood/licensing-and-regulations/the-regulatory-framework-for-ece/licensing-criteria/centre-based-ece-services/premises-and-facilities/general/pf12-heating-lighting-noise-and-ventilation/


 

 Evaluation of Ventilation in ECEs        6 
 

2.0  Methodology 
This initiative builds on the earlier work carried in schools by Longley & Somervell (2022), Ackley et al. (2022) and Chen 
et al., (2022). While the previous work focussed on assessing ventilation in schools, this initiative analysed the 
ventilation performance in five ECEs from late-winter till late-spring in year 2022.  

Similar to Longley & Somervell (2022), Ackley et al. (2022), and Chen et al., (2022), this initiative continuously measured 
indoor CO2 levels, which is treated as a tracer gas so that the performance of ventilation may be indirectly assessed 
without disturbing normal teaching and playing activities. Hence, this monitoring initiative was not intended to obtain 
or record any real-time information about the number of occupants and any actions they may take, which directly 
impact ventilation. It did not seek to actively influence occupants’ normal activities in real-time. Instead, feedback and 
suggestions were made and shared with the participating ECEs in a fortnightly meeting beginning from 3 August to 30 
November 2022. 

The unavailability of real-time information about occupancy prevents the conversion of the measured CO2 levels to an 
air exchange rate (AER) (a common metric of ventilation, usually measured in “air changes per hour” (ACH)), without 
excessive uncertainty. Though it is possible to estimate AER by using estimates of number of occupants and their 
metabolic rate, obtaining exact real-time AER is beyond the scope of this initiative.  

Besides CO2, air temperature and relative humidity were recorded using Aranet4 Pro monitors, as shown in Figure 2 
below. One monitor was placed in each space (a ‘space’ is usually one room). Only CO2 and air temperature were 
analysed because they are the most well-understood variables and relative humidity is not as critical to this discussion. 
The recommended minimum comfortable temperature of 18 °C as set out in ECE licencing requirements and the DQLS, 
(2022) temperature range of 18-25 °C was used to inform whether thermal comfort is achieved. The DQLS, (2022) 
provides the requirements for indoor air quality and thermal comfort and for designing fit-for-purpose internal 
environments within school buildings.  

The data reported here are collected from five ECEs, primarily intended to inform the New Zealand Ministry of 
Education’s ventilation guidance, and subsequently documented here. It should be noted that the initiative was not 
designed as an assessment of infection risk during the COVID-19 pandemic. The aim of this report is to only summarise 
the characteristics of the measurement dataset and descriptive findings in each of the five participating ECEs. Any 
inferences made about teaching and other spaces across all New Zealand ECEs are, therefore, tentative. 

Figure 1 and Figure 2 below show the device and its typical placement on the walls. 

 

 

Figure 1: Image of Aranet4 Pro monitor, reproduced from the Aranet4 datasheet. 
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Figure 2: Aranet4 Pro Monitors Installed on the walls in ECEs. 
 
The Aranet4 Pro devices are factory calibrated and the key device specifications are reported in Ackley et al. (2022). 
Specific guidelines on how to set up the devices were included in the kit for the ECEs. A measurement interval of 2 
minutes was used. During data processing, the raw data was down sampled to 10-minute intervals to be consistent with 
other data measured in schools as a part of the same initiative. The hourly outdoor air temperature was collected by 
manually downloading data from NIWA’s National Climate Database (CliDB). A limitation is that the distance from the 
weather stations to each ECE varies. The distribution of the distances can be seen in Error! Reference source not found. 
below. 

Participating ECEs 

A total of 29 spaces in five ECEs were selected for this monitoring initiative, with more than half located in the colder 
climates, with the aim of understanding the ventilation performance when it is cold outdoors. The geographical 
locations of all participating ECEs distributed over different Climate Zones (zones 1, 3, 5 and 6, the warmest to the 
coldest), as defined in New Zealand Building Code H1/AS1 are respectively shown in Figure 33 below. 

 

https://temahau.govt.nz/covid-19/advice-early-learning-services/ventilation-in-early-childhood-services/assessing-ventilation#purchasing-co2-monitors
https://cliflo.niwa.co.nz/
https://www.building.govt.nz/assets/Uploads/building-code-compliance/h1-energy-efficiency/asvm/h1-energy-efficiency-as1-5th-edition-amendment-1.pdf
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Figure 3: Geographical locations of the participating ECEs, where the number represents the Climate Zone 
Operating time varied among the participating ECEs. As shown in Table 1, the opening time was between 7.30 am and 
8.45 am, and the closing times was between 3.15 pm and 6 pm.  

Table 1: The operating time of each participating ECE 

ECE Name Opening Closing 

ECE 1 7:30 AM 5:30 PM 

ECE 2 7:45 AM 5:30 PM 

ECE 3 7:30 AM 6:00 PM 

ECE 4 8:45 AM 3:15 PM 

ECE 5 7:45 AM 5:30 PM 

 

Figure 4 below shows the numbers of participating (monitored) spaces (rooms) by their purpose. Compared to the 
teaching spaces in schools which usually have a fixed number of teachers and students within a space for most of the 
school day, the children in ECEs, if they are able to walk or crawl, are allowed to move between spaces throughout the 
day. Therefore, the occupancy in a certain space may frequently change over time. Another important characteristic of 
ECE spaces is that, except for few rooms that have specific purposes such as Sleep/Rest rooms and Office, most of the 
rooms in each ECE were typically designed or used as an open plan space, where there is no interior door, or the interior 
doors remain open. 

 

Figure 4: Numbers of participating ECE spaces by the re-classified room types (Error! Reference source not found.) 

 
Due to the availability of the processed data when this document was prepared, only measurements taken in the 
weekdays from 15 August to 18 November inclusive, excluding the public holidays of 26 September, 24 October, and 11 
November (ECE 3 only), were analysed. The process reported in Chen et al., (2022) was used for outlier detection and 
aggregation of data for analysis. For example, the data by space was aggregated by taking the mean or median 
(depending on the distribution of the variable of interest) of all measurements during the operating time in each space, 
or by calculating a fraction (e.g., fraction of the operating time when the indoor air temperature is above 18 oC), 
depending on the variable.  
 

In addition to the monitoring kits, a pre-designed ventilation feedback survey form was given to the ECEs to complete, 
to understand their reflection on the usefulness of continuous CO2 monitoring and their thoughts on what could further 
be done to improve ventilation. The survey included 5 questions in total as shown in Appendix 1.  
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Limitations  

This initiative was firstly limited by the timeframe of the Ventilation Programme and only concentrates on monitoring 
CO2 and temperature levels in the five ECEs (with one ECE’s data dropping off intermittently) for three months (from 
late-winter to late-spring). All participating ECE spaces were naturally ventilated, i.e., no existing ducted mechanical or 
mixed mode ventilation was installed and operating during the monitoring. The ventilation capability varies, according 
to variables such as the room dimensions, the number and size of openable exterior windows and doors, etc.  Also, the 
people who control the ventilation (usually the teachers) have variable tolerance levels relating to temperature, drafts, 
balancing heater use and outdoor noise with differing responses impacting decision making on opening or closing 
windows and control of heating.  

These variables were either incomplete or intentionally not recorded in this initiative. Hence, the major assumption is 
that all participating ECEs have ventilation capabilities which are adequate to achieve the desired CO2 levels, i.e., there 
are always sufficient exterior windows that can be opened wide enough. The rationale for this is that the buildings 
should all meet the New Zealand Building Code (NZBC) requirements, which throughout its history has mandated the 
current window opening ratio as current NZBC.  
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3.0  Results 
Carbon dioxide is commonly used as a proxy for ventilation effectiveness and a concentration of less than 800 ppm is 
“widely used as an imprecise but easily measured indicator of good ventilation” (Longley & Somervell, 2022; Ackley et 
al., 2022). In this report, CO2 levels less than 800 ppm and temperature levels in the range (18-25 °C) recommended by 
DQLS, (2022) was used as the target for good ventilation and thermal comfort. During the period of data collection, 
advice was circulated to all participating ECEs. The effectiveness of advice on improving the ventilation was not assessed 
in this study.  

3.1  Ventilation and Thermal Comfort of Participating ECEs 
In Table 2 and Figure 5, the ventilation and thermal comfort of each participating ECE was analysed based on the 
percentage (%) of time that CO2 is < 800 ppm and temperature is within 18 – 25 °C. The data shows that while the 
warmer Climate Zones (1 and 3) had CO2 levels less than 800 ppm and temperature levels within 18 – 25 °C for more 
than 80% of the operating time, the coldest Climate Zone (5 and 6) was for about 60% of the operating time. This 
indicates that for most of the operating time, both CO2 and temperature appear to be within the good target levels. 
However, the ventilation and thermal comfort of the ECEs decreased from warmer to colder Climate Zones, suggesting 
the impact of the outdoor environment on space usage.  

Table 2: Ventilation and thermal comfort of participating ECEs by Climate Zones 

ECE Name Climate Zone CO2 < 800 ppm Max CO2 (ppm) Temperature 
18 - 25 °C 

ECE 1 1 87% 1733 89% 

ECE 2 3 88% 3203 80% 

ECE 3 5 68% 2002 85% 

ECE 4 5 61% 3230 87% 

ECE 5 6 61% 1976 68% 
 

 

Figure 5: Box plots showing the ventilation and thermal comfort of participating ECEs 
 
In Table 3 and Figure 6, the ventilation and thermal comfort was analysed based on the type of space. The data shows 
that while the multipurpose spaces had the lowest recorded percentage of operating time with CO2 levels below 800 
ppm, the sleep/rest spaces recorded the highest maximum CO2 levels. The CO2 challenges in the multipurpose spaces 
may possibly be due to high occupancy, hence, being proactive on ventilation would be key when gathering all children 
in one place. Sleep/rest spaces seem to be used on demand, or not occupied on some days. These appear to be prone 

https://temahau.govt.nz/covid-19/advice-schools-and-kura/ventilation-schools/ventilation-resources
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to poor ventilation if the windows are not properly used. Temperature levels meet the target more frequently than CO2 
levels, and the analysis was based on the operating time of each ECE as presented in Table 1 above.  

Table 3: Ventilation and thermal comfort of participating ECEs by type of space 

Room Type CO2 < 800 ppm Max CO2 (ppm) Temperature 18 - 25 °C 

Learn and Play 76% 2185 81% 

Sleep/Rest 73% 3230 83% 

Office 68% 2513 81% 

Multipurpose 63% 2002 74% 

Dining 86% 1853 83% 
 
 

  
 

 

Figure 6: Ventilation and Thermal comfort of participating ECEs by Type of Space 
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In Tables 4 and 5, the percentage of time the CO2 and temperature targets were met simultaneously was analysed by 
climate zones and the type of space. The CO2 and temperature ranges were expanded to explore how the difference 
compares to the target levels. The results show that for most of the operating time, both CO2 and temperature were 
within the target range, and for most of the rest of the time, it was slightly outside the targeted range. In most cases 
where lower temperatures were recorded, this was associated with low CO2 levels. 
 
There could be many reasons for the percentages outside the targeted range, which are likely dependent on occupancy 
and space usage, and the limitations discussed in Section 2 above. For example, intermitted spikes in CO2 levels, which 
are not persistently sustained may skew the data out of the target range and this doesn’t necessarily mean that the 
ventilation available in the space is insufficient. Similarly, the temperature levels recorded outside the target range (e.g., 
15 – 17.9 °C) was observed to be during the mornings, at the start of the operating time. This is because heating systems 
might take a while to get to the set temperature, therefore suggesting the need for pre-heating (i.e., heating sufficiently 
earlier) as reported in Chen, et al., (2022).  
 

Tables 4 and 5 also suggest that the statistics of overlapping metrics such as analysing CO2 and temperature 
simultaneously could potentially be misinterpreted when there is limited or no supporting context on occupancy and 
space usage.  

Table 4: Percentage of time the CO2 and temperature targets were met simultaneously by climate zones  

 

Table 5: Percentage of time the CO2 and temperature targets were met simultaneously by room type 

 



 

 Evaluation of Ventilation in ECEs        13 
 

3.2  Ventilation and Thermal Comfort in ECE Sleep Rooms 
Because sleep/rest rooms recorded the highest CO2 readings, further analysis was carried out. Figure 7 show that the 
sleep/rest rooms experienced elevated CO2 levels: the recorded maximum CO2 levels in each of this type of room varied 
from 1585–3230 ppm and showed levels >1500 ppm more frequently than other types of room. The temperature was 
within the good target range of 18–25 °C in sleep rooms more frequently than it was in other types of rooms.  

 

Figure 7: Data points measured in all spaces (blue) and in sleep rooms (red). 

 

3.3  Ventilation and Thermal Improvements From Late Winter to Late Spring in 
Participating ECEs 

Tables 6 and 7 show the weekly percentage of operating time when CO2 levels were less than 800 ppm and temperature 
levels were within 18–25 °C target range (from the winter month of August (labelled week 1) to the spring month of 
November (week 14)). Empty cells mean that no valid data was uploaded in that week. The trends generally suggest 
that across all ECEs and spaces, there was a significant improvement (more green (good) than orange cells (poor)) in 
both ventilation and thermal comfort as the weeks progressed from colder (winter) to warmer days.  

Table 6: Ventilation trends across seasons in ECEs 

 

September November
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12 Week 13 Week 14

ECE 1 Climate Zone 15/08-19/08 22/08-26/08 29/08-02/09 05/09-09/09 12/09-16/09 19/09-23/09 26/09-30/09 03/10-07/10 10/10-14/10 17/10-21/10 24/10-28/10 31/10-04/11 07/11-11/11 14/11-18/11
Babies play room 91% 92% 98%

Toddlers play room 94% 100% 92% 93%
Preschool play room 83% 93% 96% 94% 99% 100% 98% 90% 87%
Toddlers sleep room 83% 79% 84% 86% 87% 80% 81% 82% 84% 74%

Babies sleep room 100% 77% 66% 76% 65% 76% 75% 88% 62%
ECE 2

Rest Room 81% 64% 89% 84% 86% 89% 91% 93% 89%
Upstairs Office 74% 66% 99% 92% 87% 92% 89% 90% 98% 98% 96%

Central Play Space 80% 77% 90% 93% 94% 96%
Kai Table (near Heat Pump) 75% 68% 89% 84% 88% 86% 92% 88% 83%

Sleep Room 75% 69% 85% 82% 86% 86% 80% 83% 89% 87%
Kitchen - Craft Table 77% 76% 95% 90% 93% 88% 95% 90% 100% 99% 95% 93%

ECE 3
Learning space #4/Dining 95% 87% 80% 95%

Learning space #1/Lounge 72% 44% 68% 76% 72% 57%
Office 59% 36% 50% 67%

Mid learning space 68% 40% 60% 79% 71% 59%
Sleep room for infants 70% 64%

Learning space #2/Rest Space 98% 91% 80% 71%
ECE 4

Infant & Toddler Area 30% 29% 12% 25% 29% 31% 48% 69% 65%
Sleep Area 29% 98% 80% 77% 78% 93% 71% 63% 70% 78%

Art Room 74% 100% 80% 82% 91% 93% 49% 80% 79% 95% 83% 90%
Staff Room 40% 24% 30% 15% 37% 15% 65% 42% 68% 79%

Infant Sleep Area 45% 37% 31% 28% 44% 33% 38% 44% 58% 66% 70% 59%
Office & Meeting Room 49% 34% 37% 28% 47% 24% 72% 50% 79% 87% 85%

Young Child Area 68% 100% 92% 89% 89% 78% 84% 94% 95%
ECE 5

Main lounge 65% 41% 45% 58% 61% 41% 66% 46% 52% 77%
Space for under 2s only 64% 45% 53% 60% 62% 43% 69% 48% 48% 84% 71%

Construction room 62% 44% 56% 60% 63% 47% 67% 56% 47% 73% 81% 70%
Sleep room 68% 77% 72% 57% 69% 70% 59% 63% 78% 64%

Dining/Art room 60% 44% 49% 59% 60% 41% 66% 48% 47% 79% 70%

5

6

14/9 Session 28/9 Session 02/11 Session

1

3

5

August October
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Table 7: Thermal comfort trends across Seasons in ECEs

 
 

3.4  Summary of Ventilation and Thermal Comfort by Climate Zones and Space 
Types in Participating ECEs 

Table 8 shows an analysis of the mean indoor air temperature, percentage of time when the indoor air temperature is 
in the comfortable range (18-25 °C), the median and maximum of all CO2 measurements, and the percentage of time 
when CO2 is less than 800 ppm. This data is broken down by ECE and type of space. Ventilation and thermal comfort 
appear to decrease from warmer to colder Climate Zones. Sleep rooms recorded the highest maximum CO2 levels. 
However, the overall trends suggest that it is possible to achieve adequate ventilation and comfortable indoor 
temperatures in most ECE spaces, most of the time.  

Table 8: Overall Summary of CO2 and Temperature Assessment by Climate Zones and Type of Space 

 

September November
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12 Week 13 Week 14

ECE 1 Climate Zone 15/08-19/08 22/08-26/08 29/08-02/09 05/09-09/09 12/09-16/09 19/09-23/09 26/09-30/09 03/10-07/10 10/10-14/10 17/10-21/10 24/10-28/10 31/10-04/11 07/11-11/11 14/11-18/11
Babies play room 82% 86% 93%

Toddlers play room 86% 92% 81% 91%
Preschool play room 91% 79% 90% 64% 99% 100% 88% 100% 97%
Toddlers sleep room 76% 61% 70% 76% 77% 83% 75% 85% 85% 89%

Babies sleep room 42% 75% 92% 100% 98% 95% 100% 100% 96%
ECE 2

Rest Room 92% 59% 72% 65% 48% 53% 77% 91% 93%
Upstairs Office 88% 67% 79% 84% 88% 75% 87% 59% 96% 63% 92%

Central Play Space 94% 81% 82% 80% 70% 77%
Kai Table (near Heat Pump) 89% 74% 69% 65% 56% 67% 76% 100% 91%

Sleep Room 68% 62% 75% 61% 70% 69% 77% 65% 98% 86%
Kitchen - Craft Table 91% 50% 64% 43% 58% 66% 47% 88% 82% 99% 93% 81%

ECE 3
Learning space #4/Dining 84% 77% 68% 67%

Learning space #1/Lounge 70% 71% 69% 76% 97% 73%
Office 89% 79% 72% 81%

Mid learning space 83% 90% 71% 79% 98% 63%
Sleep room for infants 97% 81%

Learning space #2/Rest Space 95% 94% 97% 98%
ECE 4

Infant & Toddler Area 96% 100% 90% 95% 100% 100% 100% 88% 86%
Sleep Area 25% 84% 67% 41% 65% 91% 83% 77% 74% 89%

Art Room 74% 82% 67% 41% 70% 89% 100% 79% 81% 73% 78% 85%
Staff Room 79% 84% 73% 82% 83% 93% 70% 76% 74% 90%

Infant Sleep Area 98% 95% 95% 89% 90% 89% 86% 95% 100% 75% 88% 55%
Office & Meeting Room 95% 98% 89% 96% 87% 90% 90% 73% 70% 73% 91%

Young Child Area 71% 95% 83% 53% 78% 97% 79% 75% 90%
ECE 5

Main lounge 74% 25% 52% 78% 57% 21% 34% 49% 47% 86%
Space for under 2s only 82% 97% 99% 96% 81% 54% 82% 85% 83% 86% 88%

Construction room 62% 0% 4% 54% 38% 10% 19% 3% 35% 66% 64% 83%
Sleep room 65% 50% 52% 83% 80% 71% 83% 87% 94% 93%

Dining/Art room 85% 72% 81% 85% 73% 30% 66% 69% 64% 86% 87%

5

6

14/9 Session 28/9 Session 02/11 Session

1

3

5

August October
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3.5  Perception of ECEs to Monitoring CO2 and Temperature  
A ventilation feedback survey (Appendix 1) was given to each participating ECE to complete to understand their 
refection on the usefulness of continuous CO2 monitoring. The survey was given to the ECEs at the end of the initiative 
and reflects what they learned through the data gathering and fortnightly working group discussions. Of the five ECEs 
that participated in the initiative, feedback was received from four ECEs and summarised below. 
 
All participating ECEs confirmed that each monitored room had a CO2 monitor centrally located within the space and 
that this was used as a visual guide to give the teachers an insight into what was happening in terms of room 
temperature and CO2.  
 
On the major lessons learned: 
 

ECE 1 stated that “adequate ventilation can be achieved with very little temperature impact by utilising small 
openings once rooms are up to the required temperature i.e., they pre-heated rooms before children arrived, 
and the small ventilation openings did not greatly affect temperature”.  
 
Also, “though Ventilation in some spaces were particularly challenged due to lack of enough usable openings 
for adequate ventilation, keeping an eye on the CO2 monitors gave teachers awareness of the issue of not-
enough-ventilation and allowed them to “refresh” a room when needed”. 
 
ECE 2 stated that “they observed the changes in CO2 levels when there were more children and adults in the 
spaces and when windows were opened to allow air flow into the spaces”. 
 
ECE 3 stated that “they never thought much about indoor air quality before joining the monitoring initiative, 
and now they are clear that ventilation is relevant, measurable, and that it can be managed to some degree 
with change of procedures”. 
 
ECE 4 mentioned the awareness to “maintain ventilation systems and adequate cleaning and servicing”.   
 

On the overall perception of ventilation:  
 

ECE 1 stated that “since their awareness has grown with the CO2 monitors in the learning / resting spaces, it 
has made their team more aware of what having windows and door open does to the environment. Also, 
more awareness of that feel of when you come into those spaces, and you get the feeling of how hot it is. We 
as a team are more proactive in having the windows open at all times even if it is just a little bit”. 
 
ECE 2 stated that “ventilation was, and still is, challenging due to a lack of opening windows in their Centre 
and there is still a lot of work needed to upgrade their Centre for adequate ventilation”.  
 
ECE 3 responded that “with monitors showing CO2 level and temperature, staff are checking the monitors as 
we walk past or glace at it when we are at the right place, and overall, we are quite happy about the CO2 level 
for most of the day. When the CO2 level gets higher, we actively open the windows to improve it”.   
 
ECE 4 responded that the ventilation in their centre is “very good and that they have lots of openable 
windows”. 
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The behavioural or property (or other) solutions considered to improve ventilation by the ECEs were: 
 

• Pre-heating the spaces on cold days  
• Opening doors and windows for air flow 
• Checking the monitors throughout the day to better manage their environments. 
• Carrying out several physical changes, such as the installation of new windows that can open to improve 

ventilation.  
One ECE further explained that “CO2 level variation is largely tied to their routine. For example, at meal time or mat time 
the monitor shows higher reading, at free play time when children are around the place, the CO2 level become lower. 
Outside play / excursion basically resets the monitor”. 
 
Further ventilation related suggestions and recommendations made by the ECEs were:  
 

ECE 1 stated that “it is great that we were given the opportunity to be part of this initiative and look at this 
topic which is so important and to see how we can all make some form of change and the CO2 and 
temperature data that were shown was informative and useful”. 
 
ECE 2 responded that “the science supporting clean (fresh) air as a method of reducing airborne diseases, 
viruses and pathogens is already well established and as has been highlighted by the Ministry’s COVID-19 
ventilation programme. It is easier to meet adequate levels of ventilation in the warmer months. Assistance 
with mechanical air purifying heating / cooling systems that bring in fresh outside air and expel back outside 
would provide ECEs with greater options to meet both ventilation and temperature control, without the need 
for costly renovations – that many just can’t afford”. 
 
ECE 3 “recommend teachers to maintain an awareness of CO2 level during the day. While each centre have 
different settings and some may be limited to the design of the building, but it still pays to have a second look 
at the routine and procedures, or even look at the location of fans. Provided we get the air moving, there 
would be some improvement”. 
 
ECE 4 suggested that “all doors should be opened at the end of the operating day and internal doors could be 
left opened at night to purge the air” 
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4.0 Conclusions and Recommendations 
Compared to schools, ventilation and thermal comfort in ECEs have been understudied (Flood, 2019). In light of the 
importance of ventilation in minimizing the spread of COVID-19, this initiative monitored and analysed CO2 and 
temperature levels in ECEs to inform proactive ventilation guidelines for naturally ventilated ECEs.    
 
The results generally show that over time and across all participating ECEs, the CO2 levels were less than 800 ppm for 
60 to 80% of the operating time, while the temperature levels were within 18 -25 °C for more than 80% of the operating 
time. The ventilation and thermal comfort in the ECEs generally decreased from warmer to colder Climate Zones, 
suggesting the impact of the outdoor environment on space ventilation.  

The lowest percentage of operating time that CO2 levels were less than 800 ppm was recorded in the multipurpose 
spaces, and the highest maximum CO2 levels was recorded in the sleep rooms, which varied from 1585 – 3230 ppm. 
However, temperature was well within the target good levels of 18-25 °C. Infants, toddlers, and young children have 
much lower breathing flow rate, especially when compared to that of teenagers and adults and they need significant 
period of time sleeping and in the sleeping rooms. For example, as reported in Boor et al., (2017) and Iglowstein et al., 
(2003), in the first three years of life, average sleep time is respectively 13.3, 12.6, and 12.1 hours/day. Therefore, 
maintaining good ventilation in sleep/rest rooms is of great importance for young children.  
 
However, good ventilation could be challenging in naturally ventilated sleep/rest rooms because of the need to maintain 
thermal comfort and acoustics. This is consistent with a study by Flood (2019), which found that CO2 levels in 75% of 
the sleep rooms monitored exceeded the recommended guidelines. Ventilation can be easily deprioritised or completely 
ignored. Actively managing and improving ventilation in sleep rooms is important. 
 
On the perception of CO2 monitoring, the ECEs suggested that the CO2 monitors gave teachers awareness of how to 
manage ventilation and informed them to “refresh” a room when needed. The behavioural and property solutions 
considered by the ECEs to improve ventilation and thermal comfort included opening doors and windows for air flow, 
preheating the spaces on cold days and the installation of new windows that can open. 
 
The centre-based licencing criteria related to indoor environmental quality is the PF12 Lighting, ventilation, heating and 
acoustic materials, which for indoor air quality, only prescribes “ventilation (natural or mechanical) that allows fresh air 
to circulate (particularly in sanitary and sleep areas)”. Compared to the Designing Quality Learning Spaces (DQLS) 
requirements for school buildings, the PF 12 licencing criteria doesn’t define the requirements for achieving fit-for-
purpose ventilation in ECEs.  

This means that the requirement for ventilation in ECEs is driven by the New Zealand Building Code (NZBC - Clause G4) 
requirement, which throughout its history has mandated a net openable area of windows of no less than 5% of the floor 
area for naturally ventilated spaces, but does not mandate that they are open. NZBC Clause G4 is calculated from the 
face dimensions of the window, rather than from the aperture dimensions, thereby not a good realistic indication of 
airflow potential. 
 

Hence it is recommended that: 

• The ECE licencing criteria or guidance (PF12 Lighting, ventilation, heating and acoustic materials) will benefit 
from being strengthened to provide fit-for-purpose ventilation and indoor environmental quality in general. 

• The risks, strategies and solutions for improving ventilation in sleep/rest rooms require further, priority analysis 
because sleep rooms are areas that are by nature challenging to ventilate in accordance with published COVID-
19 guidance. However, mixed mode ventilation could be a good solution to allow ECEs to account for colder 

https://www.education.govt.nz/early-childhood/licensing-and-regulations/the-regulatory-framework-for-ece/licensing-criteria/centre-based-ece-services/premises-and-facilities/general/pf12-heating-lighting-noise-and-ventilation/
https://www.education.govt.nz/early-childhood/licensing-and-regulations/the-regulatory-framework-for-ece/licensing-criteria/centre-based-ece-services/premises-and-facilities/general/pf12-heating-lighting-noise-and-ventilation/
https://www.education.govt.nz/school/property-and-transport/projects-and-design/design/design-standards/designing-quality-learning-spaces/vvvvv
https://www.building.govt.nz/assets/Uploads/building-code-compliance/g-services-and-facilities/g4-ventilation/asvm/g4-ventilation-4th-edition.pdf
https://www.education.govt.nz/early-childhood/licensing-and-regulations/the-regulatory-framework-for-ece/licensing-criteria/centre-based-ece-services/premises-and-facilities/general/pf12-heating-lighting-noise-and-ventilation/
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outdoor temperatures by enabling them to switch to mechanical options to provide ventilation when opening 
windows or doors isn’t practical.  

• There is value in further and more extensive monitoring of indoor environmental quality in ECEs to inform 
evidence based ECE indoor air quality standards.  

The real-time measurements are still ongoing till the end of the 2022 calendar year, so that a complete dataset of 
approximately half of a year can be obtained. Further analysis may be carried out into the ventilation requirements in 
sleep rooms. 

Given that this initiative was designed not to disturb normal classroom activities, other real-time information such as 
occupancy, and actions taken directly impacting ventilation were not recorded, hence, the conclusions that this initiative 
can draw from the analysis is limited. However, the overall results suggest the potential for ECEs to achieve good 
ventilation and thermal comfort in naturally ventilated spaces, given that the target CO2 and temperature levels could 
be met in most spaces, most of the time.  
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