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“I want a classroom ...

where the roof opens up to the sky, like a BMW convertible, so I can see the clouds,

 that uses windows with colourful glass which glows in the sunshine, 

where there are cool breezes [from outside] and limitless supplies of icecream,   

that is quiet [other than the birds] while the teacher reads, 

...and...

a classroom I can watch arrive on the back of a truck because I think that is cool!”  
[a compilation of responses from  Queenskand primary school children, aged 9,y.o, on how to design a relocatable classroom that highlights their interest in biofilic design and passive solutions]
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Challenges 

internationally in 
relocatables can be summarised as 

classrooms;

systems that provide minimal 
ventilation with outside air;
have poor acoustics due to loud 
ventilation systems;

and;

connectivity to the site and other 

This Brochure>

Overview 

The key issues presented are on:

materials;
indoor environment quality;
construction waste;

is a reloactable or a permament 

Green Star Guide 
The brochure will link the issues to the 

 
which is a voluntary environmental 
rating system for buildings in Australia.

Case Studies

International, national and mini case 
studies are presented in this brochure to 
describe:

practice approaches and raise issues that 

Methodology

The international and national case 
studies

schools and relocatable classrooms

The mini case studies draw on 

“I want a classroom that 
gives me the freedom 
to teach appropriately, 
with different approaches 
for different children 
and classes... but it’s 
also important that it’s 
a classroom where the 
children don’t get too 
distracted by light, 
noise and temperature.”
[a teacher]

How can the design of prefabricated learning 
environments best address issues of indoor 
environment quality?

How might sustainability - from environmental 
through to social - impact on the design of 
future relocatable classrooms?

Aspirational targets, 

which are statements 

about a desired 

condition, will be set in 

this brochure in relation 

to sustainability in 

future relocatable  

classrooms
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Inspiration>

“Relocatables can be the 
greenest of solutions; 
they are a planned 
response to a student 
number spike. It means 
we can provide usable 
space quickly that will 
be used and not stand 
there empty. They touch 
the ground lightly, leave 
a small footprint and can 
be very efficient.” 
[Ms Leanne Taylor, Director Planning and 

Infrastructure, Department of Education and 

Training Northern Territory Government]

This is not a ‘relocatable’classroom...However this building was designed so that all 
elements could be screwed together to make disassembly possible if there was a future 
requirement for the building to be relocated. The building is designed using first 
principles and looks and feels different from other buildings on the campus. This 
motivates the student to ask and want to explore why?

To design and build 

classrooms that motivate 

student enquiry...

(see page 9 & 10)

Main Image: National case study: The General 

Purpose Classroom in Victoria by eme designs 

(www.emegroup.com.au). For more information on 

this building refer to page 10.

Inset image: A thermal image of the General 

Purpose Classroom taken by a student exploring 

how the building is different from other 

buildings on the school campus. 
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Energy

National Australian Built Environment 

Water

uncommon to have water tanks and water 

where the tanks and the associated 

not located in close proximity to toilet 

An international study by Vernon et 
al 

in Queensland voted that the inclusion 

Key Issues> 
Energy, Water

Green Star: Energy
2

2/m2

sensors; and 

Green Star: Water

toilets and be a 5A standard – 

Reduce potable water consumption 

1: Energy Neutral Portable classroom, 

Anderson Anderson Architects 

(http://andersonanderson.com) 

2: Photos from an Eco-cubby workshop      

(www.eco-cubby.com/) where children aged 8-12 

added Solar Photovoltanic Panels and Water 

tanks to their cardboard cubby house (see 

completed cubby house on page 11)  

1 2 2

Solar Energy

can be placed at the correct orientation 
on any site to enable solar photo voltanic 

Can you make your 

building CO2 positive in 

operation and water 

neutral with embodied 

energy paid back in ten 

years?

refer 

3
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Many of the issues outlined here are not only 
a problem of relocatable classrooms but all 
teaching spaces.
They are presented here because they require 
consideration in the design of all new 
learning spaces – including relocatables.

Indoor Environment 
Quality or IEQ 

et al

environmental parameters such as indoor 

2

compulsory hours in the school 

their time indoors [Johnson et al

Impact on Learning

There have been several studies 

et 
al 

success is not dependent on one solution 

Studies into Indoor Environment Quality 

et al

Key Issues>
IEQ Introduction

Mould, Dust, Pollen and 
Asthma

needs to be minimised by appropriate 

about when to close windows and control 

There is a direct link between poor air 
quality and respiratory illness such as 

Green Star: Mould

Green Star: IAQ

direction

compliance

natural ventilation in accordance 

2 – set point 

NOTE: increasing air changes and 
ventilation rates can have an impact 
on energy use for heating and cooling. 

2 sensors is a way to 

Can you provide thermal 

comfort primarily through 

passive and radiant 

sources and fresh air 

at no additional energy 

input?
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Key Issues> 
IEQ: Light

Green Star: Lighting

2eq/year 

outside or an internal atrium

Light - 

Natural or Artificial? 

consider: 

undertaken in the classroom and the 

“...the kids love the 

daylight but the glare 

is awful.”
[a teacher working in a relocatable, 2011]

“...I use coloured paper 

to block the sun - it’s 

like stained glass...”
[a teacher working in a relocatable, 2010]

Effective Learning  

Melatonin & Serotonin

serotonin (the hormone associated 

There is inconclusive research on the 

This research may explain why teachers 
in mini case study 1

Current Research  

Australian Case Studies

Australian relocatable classrooms reveals 

In mini case study 1, small windows 

Mini case study 2,
Can you provide diffuse,  

indirect daylight with 

artificial light between 

240-400lux which can 

be blocked out when AV 

equipment is in use? 

1 21: Graph mapping average natural and 

artificial light levels against the levels set 

out in the Australian Standards

2: Image from a mini case study hightlighting 

how the teacher has set up the classroom to 

control daylight levels. The windows are 

covered with coloured paper and student work. 

refer 

1

refer 

1
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“Ongoing research 

and scientific 

analysis contributes 

to provide evidence 

that IAQ [Indoor Air 

Quality] in schools 

can cause acute health 

symptoms,increase 

absenteeism, and 

directly and indirectly 

affect student and 

teacher performance... 

experts in the field 

generally agree that 

healthy indoor school 

environments are a 

necessity if a high 

standard of education 

is to be expected.” 
[GBCA, 2008, Technical Manual Green Star – 

Education Version 1, Sydney: GBCA, p62]

Key Issues> 
HVAC systems

Thermal Comfort & IAQ

et al

research [Seppänen et al 

that students were less distracted and 

Research also shows that inadequate 
ventilation can also lead to a build up 

2

Australian Case Studies

was carried out in mini case study 3 and 
the results revealed the sound level to 

Reverberation times of no 

more than 0.4-0.5 seconds; 

mechanical noise no more 

than NR40; traffic noise 

no more than 40dB(A); 

rain noise no more than 

45dB(A)10mm/hr

Green Star: Acoustics

a  recommended reverberation time 

Acoustics

A holistic approach must be taken to 

There is a direct relationship between 

Poor classroom acoustics is also 
attributed to voice disorders and stress 

reduce the noise levels experienced in a 

Diffent coloured lights are illuminated to communicate 

the corresponding messages to the building occupants 

about the HVAC opeartion (Bendigo Relocatables).

1: Images taken in a classroom by Bendigo 

Relocatables (www.brb-buildings.com) to inform 

occupants on how to get the best performance 

from the building HVAC system.

2. Displacement ventilatiom used by Project 

Frog (see page 14).

3. Overhead ventilation used by Triumph 

Modular (www.triumphmodular.com)

2 3

refer 

1
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Key Issues> 
Materials, Waste

Green Star: Materials

Minimise Portland cement use; 
substitute with industrial waste 

consumer recycled steel or be 
reused;

emission and low impact;

impact; 

Green Star: VOC

based 200 

Formaldehyde – low to no – E0 to 
super E0

Materials

The materials used is a key consideration 

It is important to consider the choice 
re-use and 

recycling

mini case study 4 

in Australian relocatable classrooms may 
be inadequate 

Australian Case Studies 

mini case study 4

classroom on the same site with equal or 

Can the design be low in 

embodied energy (less 

than 10GJ/m2 and be 

able to be successfully 

relocated over a life 

span of 40 years?

Waste

There are two vital aspects associated 

Baufritz

Baufritz has developed an insulation 
product that uses the wood shavings from 
their own manufacturing processes

The second important aspect associated 

1: ‘Eco-Villlages Worldwide’ manufactured 

homes are highly insulated and feature 

compressed straw panels and decking made from 

recycled milk bottles (www.ecovill.com.au) 

2: Children in an Eco-cubby workshop nominate 

recycled bricks in their carboard cubby.

3.The waste from two large houses fits into 

two small skips at Baufritz’s factory in 

Erkheim, Germany (www.baufritz.com)

321

refer 

4
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Informing Our future 
‘Green Ambassadors’

environmental responsibility and teach 

beyond simply observing

opportunity is to create a knowing eye in 

hands-on 

“…the new building 

has resulted in lots 

of questions from 

students: why straw 
bale? why the air 
lock? why..? There 
is clear learning 

about sustainability 

happening by the fact 

that the building 
exists and most 
importantly it is 

leading to curiosity”
[a teacher, Thornbury High School 2009]

3D textbooks> 
Hands on learning

Green Star: Buildings 
as Teachers
Include actual built attributes that 

Easily interpreted electricity 
meters displayed in classrooms 

2 reduced

rainwater

Green Star: Buildings 
as Teachers...continued

within or 
adjacent

This must include a display that 

biodiversity and environmental 

Green Star: Lifestyle

spaces etc

weather protected

Can the classroom be 

designed so that the 

students occupying it can 

easily access information 

on temperature, wind, rain, 

sun, energy usage etc?

1 & 2: While exploring heat transfer using the 

thermal camera, students make a “bum flower” 

and take a photo of the results

3: Students use environmental monitoring 

equipment to explore their classroom

1 3

Input From the School

own innovative ideas about what they 

refer 

1
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3D textbooks> 
Green Schools

Thornbury High School

viable 
alternative to the standard relocatable’ as 
it could be assembled and disassembled 

sustainable materials was constructed 

Students had the opportunity to use quite 

The equipment also captured the 

“...Students can look 

up and see the louvres, 

and understand the 

cross ventilation 

strategies. They can 

see and touch the 

eco-timber. You can 

talk concepts all you 

like but they remain 

abstract until the 

students can actually 

experience them.” 
[a teacher, Thornbury High School 2009]

Woodleigh School

hands on educational 
opportunities that saw the students 

The school ran the project as a series 

these session they collaborated with the 

2 31: A thermal image taken by a student at 

Thorbury High School

2: The Environmental Sustainability Centre at 

Woodleigh School

3: Students at Woodleigh School assist during 

the building’s construction 

International Examples

American Modular Solutions

Environmental Stewards workshop where 

workshop in the Gen 7 classroom was 

Project Frog

“providing a ladder of 

learning...and a more 

sustainable society for 

all” 
[Christy Rocca, Director of the Chrissy Fields 

Centre by Project Frog]

Can the design and 

placement of the 

building involve student 

consultation? Is there an 

educational tool that can 

be developed to help them 

understand their building? 
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Climate Change

Queensland showed that the school 

1

1: Interactive tool published by the 

Federal Government based on the research 

published in CSIRO (2007) Climate Change in 

Australia, Technical Report 2007 http://www.

climatechangeinaustralia.gov.au, Accessed 1 

May 2011

Introduction 

Given the aspirational today/tomorrow 

Water and Biodiversity

Big Issues> 
Design for change

Green today

Climate Change

Efficiency

Productivity

Learning Outcomes

Green tomorrow

Water & Biodiversity 

Neutral to Positive 
Contribution

3D Textbook

Students as active 
participants and 
green ambassadors

Neutral to Positive

but how they can contribute actively 

local biodiversity and support social 

and development and Janis Birkeland in 

1: A finished Eco-cubby built out of cardboard 

by children aged 8-12 highlights their 

emerging understanding of what sustainability 

is. Students will be active participants in 

the green classrooms of tomorrow. (www.eco-

cubby.com/)

2. Interactive tool on Climate Change 

3. St Leonards School, Victoria

FMSA Architects (www.fmsa.com.au/)

3
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Introduction

Solar Air Heaters

consideration to take into account when 
1

Smartbreeze 

This is a solar powered ventilation 
system that can help with passive 

been introduced into the Department 

classrooms2

Solatube Lights  

3

1 www.resourcesmart.vic.gov.au/

2 www.smartbreeze.com.au/

3 http://www.solatube.com.au/

Future Concepts> 
New products

CO2 Living Glass

2 and expels it 
so that you do not need to mechanically 
ventilate

Paperstone

paper and proprietary PetroFree™ 

5

Cross Laminated Timber

This timber structural panel product  

More recently it has been used on 

Stadthaus 
Tower Murray Grove
and the Kingsdale School Sports and 
Music Hall

4 www.nbmcw.com/articles/glass/639-living-

glass-design-and-health-in-synergy.html

5 www.paperstoneproducts.com/rainstone.php

6 http://www.structuremag.org/article.

aspx?articleID=947

PCM Plasterboard

7

Translucent Concrete

conditions  

Bio Walls

7 Kendrick, C and Walliman, N, 2007, Removing 

Unwanted Heat in Lightweight Buildings Using 

PCMs in Building Components: Simulation 

Modelling for PCM Plasterboard, Architectural 

Science Review, Volume 50.3, pp 265-273

8 www.litracon.hu/

9 www.mtnhighinspections.com/biowall_

inspection.html

1: Translucent concrete (www.litracon.hu/)

2: Team Montreal Biowall, US Department 

of Energy Solar Decathlon Challenge 2007 

(solardecathlondev.nrel.gov/past/2007/team_

montreal.cfm)

3: CO2 Living glass, Soo-in Yang and David 

Benjamin (inhabitat.com/carbon-dioxide-

sensing-living-glass/)

2 31

4

5

4. Solatube (www.solatube.com,au)

5. Smartbreeze system (www.smartbreeze.com.au)
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Future Concepts> 
New Relocatables

Relocatables,Victoria: 
Current Best Practice   

Insulation
 

Glazing

Ventilation

Temperature

 

Carpet

Rainwater: able to be collected via 
100mm HDPE pipe

Paint

1 32

Aspirational 
Specifications

the BCA;

see Victorian 

Ensure adequate continuous 
outdoor air intake and that this is 

problems;
Ensure that at least one supply air 
outlet and return air inlet are located 
in each enclosed area;

circulated and outdoor air streams;

where appropriate (see Victorian 

Consider covered entries with an 

see Victorian 

temperature can be monitored and 
displayed

exhaust ventilation and appropriate 

Acoustics

Monitoring

Sensors

INTERNATIONAL EXAMPLES:

1: Hunters Point Community Centre, California

Project Frog (www.projectfrog.com)

2: Gen 7 Classrooms, California

American Modular Systems (www.gen7schools.com)

3: Harvard Childcare Centre, Massachusetts

Triumph Modular & Anderson Anderson

(www.triumphmodular.com)



Sustainable School Environments

Case Study 1>
Project Frog

Overview

is a better and healthier alternative to 

Life Cycle Assessment

less water pollution than a comparable 

Design Refinement Acoustics

This solution provides an aesthetically 

The panels are also structural which 

Materials & Waste

Thermal Comfort

Energy Efficiency

Window Design

windows are position to enable natural 

Water

1:  Hunter Point roof overhang

2: Hunter Point interior with clearstory 

windows and high ceilings

3: Hunter point roof with 7.2kW solar PV

For more information visit 

http://www.projectfrog.com/

31
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Case Study 2>
Gen 7

Scalability

Delivery & Community

such as noise and dust (which can impact 

also allows AMS to eliminate material 

Overview

a modular classroom that combines the 

to promote sustainable practices and 

The Gen 7 has been modelled across 

Lighting

Materials

The chosen materials are low 

material or recyclable and have no or 

Insulation

Acoustics

The classroom achieves a constant 

Thermal Comfort

The Thermal Displacement Ventilation 

natural ventilation mode when doors 

1:  Gen 7 Classroom, California 

Wall section showing range of materials

2: Gen 7 Classroom, California 

Building Section (www.gen7schools.com)

For more information visit 

http://www.gen7schools.com/

21
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References> 
Further reading

References

Do indoor 
pollutants and thermal conditions in schools 

of the literature

Evaluating Indoor Environmental Quality of Public 
School Buildings in Jordan

Perception of the thermal environment in high 
school and university classrooms: Subjective 
preferences and thermal comfort

Indoor air quality, ventilation and health 

information
Chronic noise 

effects of language acquisition

Estimates of potential nationwide 

indoor environments: an update

Effects of School Lighting on 
Physical Development and School Performance

Daylighting in 
Schools: An Investigation Into The Relationship 
Between Daylighting and Human Performance

Greener Schools, 
Greater Learning, and the LEED Value, Doctoral 
Forum

Biophilic Design: The Theory, Science and 
Practice of Bringing Buildings to Life

“Though educational 

researchers have in the 

past theorised that 

views out of windows 

cause unnecessary 

distractions for children 

in the classroom, recent 

research by educational 

psychologists stresses 

the importance of a 

stimulating visual 

environmental to the 

learning process. Views 

to nature are believed 

to improve attention 

span... improve learning 

results ... and reduce 

eye strain.” 
[GBCA, 2008, Technical Manual Green Star – 

Education Version 1, Sydney: GBCA, p144]

1-6: A compilation of responses from  

Queenskand primary school children, aged 

9,y.o, on how they would design a classrrom, 

what makes them comfortable inside their 

classroom and what they would change about 

their current classroom. 

1 32

4

65
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