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Overall Introduction 
 

There is now a strong consensus around the world that reducing our ecological footprint and caring for our 
environment is absolutely essential for the health and wellbeing of present and future generations. According to the 
Global Footprint Network, Australians had the eleventh largest ecological footprint amongst all world’s nations in 
2014 (latest available data; datafootprintnetwork.org). The average Australian in 2014 consumed the resources of 
6.89 global hectares; which means if everyone lived in the same way, it would take four planet Earths to produce the 
resources that would be consumed. We are already witnessing major impacts of the Australian way of living on the 
continent’s wildlife, forests, rivers, water supplies, coastal ecosystems and reefs, and importantly, our climate. 

Although there is still a long way to go for Australians to close the deficit between what we use and what is 
sustainable for our precious environment, there is some good news suggesting that we are on the right track. 
Australia’s footprint fell significantly between 2011 and 2014, from an estimated 8.80 to 6.89 global hectares per 
person. In contrast, over the same period, the per capita footprint in the United States of America was nearly stable 
from 8.54 to 8.37 global hectares per person.  

Making choices that impact less on the environment, and being an active participant and sharing stories about living 
more sustainably is not only good for the planet – it is also good for people’s health and wellbeing. Social media has 
enabled a huge increase in awareness of what we can do and brought sophisticated information about how to move 
forward to our fingertips. However, it can also bring misinformation and confusion, making informed choices more 
difficult for individuals as well as for organisations. 

Queensland University of Technology in Brisbane, Australia, is committed to operating as ecologically sustainable as 
possible while providing high quality education enabling undergraduate and postgraduate students to gain skills and 
knowledge to address real world challenges.  One unit that is specifically dedicated to environmental management 
and sustainability is PUN015, a capstone of PU80 Master of Health, Safety and Environment. In 2017, the students 
undertook a group challenge – to examine sustainability features and opportunities and recommend tools for 
auditing sustainability performance at their own campus and business area at Kelvin Grove Campus and Village.  

This report presents the students’ combined contributions to a sustainability scoping review and recommended 
audit tools for Queensland University of Technology and associated businesses at Kelvin Grove Campus and Village 
located 6 kilometres north of the Central Business District of Brisbane, Queensland.  

Methods and Structure of the Report 

The review was conducted by 29 students of the PU80 Master of Health, Safety and Environment in the School of 
Public Health and Social Work, Faculty of Health, QUT between July and September 2017. The activity provided 
partial fulfilment of assessment requirements for PUN015 Environmental Management and Sustainability. Twenty 
five students chose to have their work included in this report through a signed consent process. Some requested to 
be named alongside their work, while others preferred to only be named on the overall document. 

In producing this review, the students first collectively discussed the most likely major categories of the human 
‘ecological footprint’ at Kelvin Grove, i.e. environmental damage or depletion associated with consumption and/or 
pollution occurring through university and business activities, as well as by staff and students in their everyday lives. 
They also discussed ‘ecological handprints’, i.e. personal and collective behaviours and activities and knowledge 
sharing, development and translation into action as a result of teaching, research and social interactions in the local 
area via education and daily life in each area.  

The students then divided into five groups to research and report on key footprint/handprint categories which form 
the chapters of this report; namely people, water, food, energy and waste. Each group then further sub-divided their 
category into more specific components to enable each student to contribute an independent, topic report to be 
included as a section in each chapter. These detail recent evidence on key environmental aspects and impacts on 
sustainability with relevance to Kelvin Grove campus and local businesses. Students also developed new tools or 
identified appropriate existing tools that could be used to audit the current and future status of sustainability efforts 
on campus. These are placed in the Appendix of the full report. Each section concludes with suggestions and 
recommendations for improvements that could be made to reduce the footprint and increase the handprint of 
Kelvin Grove campus and village.  
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1.1.1: Overview of Australian and International Consumption 

Author: Caitlyn Quinn 

Every person has an ecological footprint that varies in size. The ecological footprint measures the ecological 
assets that a given population requires to produce the natural resources it consumes and to absorb its waste 
(Global Footprint Network, 2017). It is extremely important that we consider the size of our footprint and 
monitor it over time, as overconsumption can have severe impact on future generations. 

Consumption is a term that has been used in different ways since the 14th century (Graeber, 2011, p.492). 
Specifically, one significant component of the ecological footprint is household consumption. The Australian 
Bureau of Statistics (ABS) (2010) states that “household consumption relates to household economic wellbeing 
in that it measures the acquisition of goods and services used for the direct satisfaction of individual or 
collective wants and needs”.  

This section aims to identify the key areas of consumption within Australia and around the world and key areas 
for improvement. Recommended audit tools that may be used to measure environmental sustainability are 
provided in Appendix A. Resources used for this section were limited to online English articles and databases.  

Australian Consumption 

Consumption can include a variety of things from essential goods such as food, clothing, shelter, and water to 
comfort items such as aviation, electronics, travel, recreation, sport, culture, etc. Looking at the ABS (2010) 
comparisons of consumption between 1999 and 2009, there has been an average consumption growth of 4.3% 
per year per household. The key areas of growth included mobile phones, internet, furnishings and household 
items, recreation, and culture (ABS, 2010). However, due to the increase in population there has also been a 
significant increase in consumption required for energy, resources, water, and land, which needs to be taken 
into consideration, not only for the present but also for future generations (Commonwealth of Australia, 
2017). Australia has reduced its overall ecological footprint despite the increase in population since 2004. 
However, looking at Australia’s ecological footprint in 2004, Australia had an ecological footprint that was two 
to three times the global average (Australian Government, n.d) thus indicating the need for improvement in 
reducing our ecological footprint.  

Australian Consumption Reduction 

Australia has implemented many initiatives to promote the reduction of resource consumption by focusing on 
specific areas of consumption and increasing the ecological handprint. The ecological handprint is the positive 
impact on the planet through contributing to a sustainable future (Tricia, 2011). Each of these initiatives raises 
awareness and some, such as Clean-up Australia Day, encourage people to be proactive about the 
environment through schools, businesses, and the public. Other examples of initiatives as detailed by the 
Department of the Environment and Energy (2017) include: 

 Environmental Awareness Week  
 World Water Day  
 Earth Hour 
 World Environment Day 
 Sustainable House Day 
 National Ride 2 Work Day 
 World Food Day 
 National Water Week 
 National Recycling Week 
 National Walk to Work Day 
 Keep Australia Beautiful Week.  
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Each of these initiatives helps to reduce Australia’s environmental footprint by promoting positive ways to reduce 
consumption and improve our environmental practices. 

Worldwide Comparison 

Comparatively, worldwide the highest consumables are food and beverages, clothing, housing, transport, energy, 
education, health, ICT and financial services (The World Bank Group, 2017). China and India combined claim more 
the 20% of the global total for consumption (WorldWatch Institute, 2016). On a global scale, it has been estimated 
that we need 1.5 worlds to sustain our global needs for consumption based on current percentages and population 
increase (WWF, 2016). Breaking it down into categories, Australia has similarities and differences to the remainder 
of the world in the varying areas of consumption a few categories of which have been detailed below. 

 Food 

Animal-derived foods compared to plant foods generally have a higher total environmental footprint (Hadjikakou, 
2017). This is because animals require land, water and feed to survive, while fuels and energy are required to 
prepare the meat and transport it to local shops (Hadjikakou, 2017). Also, with the increase in food consumption is 
the increase in water, energy, CO

2
 and waste materials used in preparing food. In a study conducted by Reynolds, 

Piantadosia, Buckley, Weinsteind and Bolanda (2015), there was on average 35m
2
 of water, 0.97 GJ of energy, 80 kg 

of CO2 and 2.4kg of wasted materials in the weekly food consumed within Australian households.  

 Water 

Comparing Australia to the United States, it is evident that Australians use approximately 200 litres per capita per 
day less water than members in California, however, Australia also used less water per capita than all Metropolitan 
areas within the Western United States (Cahill and Lund, 2013).  

 Energy 

In 2014-15 energy consumption rose by 1% to approximately 5,920 petajoules and energy productivity has risen by 
28% over 15 years in Australia (Department of Industry, Innovation and Science, 2016). Transport is Australia’s 
second largest energy consumer with households spending 60% on fuel for vehicles out of a $99 a week expenditure 
on energy in 2012 (ABS, 2014). 

 Fuel 

The main fuels that are consumed within Australia include natural gas, electricity, diesel, petrol, and solar energy 
(ABS, 2012). Three quarters of the consumption is from industries with the remaining quarter from households (ABS, 
2012). With the increase in households, this has attributed to the increase in electricity usage (Department of 
Industry, Innovation and Science, 2016).  

Solar energy is also increasing dramatically, as stated by the ABS (2012), “households installing solar energy units 
greatly increased, rising from 118 in 2001 to 85,550 in 2009, before sharply increasing to 639,803 in 2011”. 

 Tourism 

Tourism worldwide has been known to increase the carbon footprint and is the world’s largest and fastest growing 
industry (May, 2002). This is because most tourist activities require some form of fossil fuels or electricity leading to 
an increase in CO2 and other greenhouse gases (Dwyer, Forsyth, Spurr & Hoque, 2010). Tourist destinations also 
have an increased consumption of food and beverages, higher consumption of material goods and a high amount of 
waste disposal as well as a demand for more accommodation, transportation, and activities (Dwyer et.al, 2010). 
Some activities such as visiting theme parks require a considerable amount of energy to run machines and 
dependant on the distance of travel consumption of fuel for aviation services is also required (Dwyer et.al, 2010).  

Each tourist destination will vary in their amount of consumption dependant on popularity of the location, the types 
of activities and events that are held and the availability of goods and services. As Australia is a very popular holiday 
destination, it is evident that our consumption due to tourism is quite high. 

 Aviation 

Air travel has grown nearly 10-fold in 50 years (Kroesen, 2012), with there being twice as many aircraft in 2016 as 
there was in 1996 (May, 2003). Aviation internationally raises great concerns for the environment as it not only has 
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environmental issues such as noise and removal of wildlife for airports, but it contributes to a significant amount of 
gases emitted from aircraft engines (Somerville, 2003). The industry is increasing its pressure to ensure they are 
environmentally sustainable in every way possible, but it will continue to have a large effect especially with the 
increase in flights and the greater distances travelled (Somerville, 2003).  

Over the last 25 years fuel efficiency has doubled, however, with the increase in flights and travel distance the 
amount of consumption has increased (Somerville, 2003). Looking specifically at chemicals, the aviation industry at 
high altitudes contributes to the significant increase in nitrogen oxides and water vapour which can cause significant 
impact (Somerville, 2003). Also, aviation currently accounts for 2.5% of global CO2 emissions (Somerville, 2003). As 
such the aviation industry is required to report to the Intergovernmental Panel on Climate Change (Somerville, 
2003).  

 Transport 

As stated by Reisi, Aye, Rajabifard and Ngo (2014), “One-fifth of the carbon dioxide (CO2), one third of 
chlorofluorocarbons (CFCs), and half of nitrogen oxides (NOx) in the atmosphere related to transport activities”. This 
is why in 1992; sustainability indicators were discussed at the United Nations Conference on Environment and 
Development while scientists, policy makers and the public were present and able to contribute (Reisi et al., 2014).  

Looking at Australia, Melbourne has a considerable amount of atmospheric emissions due to the large amount of 
public transport options that are available which includes: air travel, trains, trams, buses, taxis, ferry’s, boats, and 
shipping channels (Reisi et al., 2014). Melbourne has around 1.1 million public transport users in a month (ABS, 
2010c). Similarly, European countries have identical transport systems but in varying degrees of usage. 

Comparatively, looking specifically at Europe, it was found that Germany, Belgium and Netherlands were the best 
performing countries for transport sustainability while Greece, Estonia, Bulgaria and Lithuania were the lowest 
performing (Gruyter, Currie & Rose, 2016). European cities analyse their transport systems looking at three 
dimensions which includes: economy, social and environmental (Alonso, Monzon & Cascajo, 2015). The 
environmental aspects aim to reduce waste and emissions (Alonso, 2015).  

 Goods and Services 

In today’s society, we are more wasteful. In a study by Hamilton, Denniss and Baker (2005), survey participants were 
asked to estimate their expenditure in 2004 on items that they did not use. Survey participants responded with an 
average of $1,226 worth of unused goods. Hamilton et al., (2005) identified that the richer a household is the higher 
amount of unused goods and services they would have.  

Goods that are commonly consumed include items such as furniture, clothing, electronics, kitchenware, linen and 
more. Australians consumption of materials accounted for 58% of household consumption (Ivanova et al., 2015). 
The global material footprint from goods was 32Gt in 2007 with America being the highest consumer (Ivanova et al., 
2015).  

Auditing Methods 

There are many different tools that are used to audit consumption; some of these are listed below. 

 Environmental Space: This aims to audit the share of the planet and its resources that humans can 
sustainably take (Collins & Flynn, 2015). The aim of this tool is to calculate how much of the world’s 
resources we can utilise to ensure that there are sufficient resources for future generations. This is done 
through an assessment that converts the impacts of resources into a single unit for each individual resource 
(Collins & Flynn, 2015). Basic stationary and data are required for this audit. This has now been replaced by 
the ecological footprint analysis. 

 Policy tool: The ecological footprint has been used as an effective indicator to quantify and measure 
progress towards sustainable development (Collins & Flynn, 2015). It is a simple method that is used for 
comparing the sustainability of resource use among populations which is converted into a single index 
(Lenzen & Murray, 2001). This requires existing data and basic stationary equipment. 

 Ecological Footprint Analysis (EFA): The ecological footprint analysis converts consumption and waste 
production into units of equivalent land area (Flint, 2001). The aim of this tool is to calculate how large an 
area of productive land is needed to sustain a given population or economy (Flint, 2001). This requires 
existing data sources and basic stationary equipment (Hopton & Berland, 2015). Individuals to improve on 
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their handprint can use this form of audit tool. It is also supported by Earth Overshoot Day (Global Footprint 
Network, 2017a). Detailed calculation processes are in Appendix A. 

 Census: Through the census, the Australian Government can capture a range of information about the 
Australian population and is done either via post or online. The information helps estimate Australia’s 
population, and assists in planning for services such as housing, transport, education, industry, hospitals, 
and the environment (ABS, 2017). Access to the internet or basic stationary is required. 

 Environmentally extended Input–output analysis: This model assesses the environmental impacts of 
weekly food consumption of households by assigning environmental impacts to consumption (Reynolds et 
al., 2015). By estimating weekly food consumption, we are able to determine the amount of food 
regeneration that is needed to support the country. This can be supported by the: 

o Australian Health Survey 
o Australian Household Expenditure Survey (Hadjikakou, 2017). 

This tool requires basic stationary or internet access. Detailed calculation processes are in Appendix B. 
 Nationwide House Energy Rating System (NatHERS): This is a modelling tool that can be used for 

evaluating and optimising energy efficient house designs for Australian climates (O’Leary et al., 2016). By 
analysing the amount of energy, we are able to determine the best ways to improve housing designs to 
become more energy efficient. This requires existing data and stationary resources. Detailed calculation 
processes are in Appendix C. 

 Engine Thermal Efficiency Testing: This analyses the fuel consumption of a car at a constant speed (Roura & 
Oliu, 2012). Detailed calculation processes are in Appendix D. 

 Thrust Specific Fuel Consumption (TSFC): TSFC measures how much fuel is burnt by an aircraft in an hour 
(NASA, n.d). This allows aircraft companies to manage the amount of consumption they will encounter 
based on the trip they are embarking on (NASA, n.d). Detailed calculation processes are in Appendix E. 

 Fabric Consumption Formulas: There are differing calculations dependent on the type of fabric that is being 
consumed such as the consumption of knitted tops. Examples of some formulas are in Appendix F. 

There are many other audit tools that can be used to capture the different forms of consumption. Also, audit tools 
are constantly changing and being modified to ensure the most accurate results. 

Recommendations for Improvement 

It is recommended that we continue to work towards improving our ecological footprint through initiatives, 
education and policy. These can be broken down into individual, household, business and national considerations 
which include: 

Individuals 

 Get involved in local sustainability groups or activities 
 Consider options when purchasing food, do not purchase items with packaging and buy locally owned 

produce to boost Australian economy  
 Recycle items or give them to local charities. 

Households 

 Limit showers time and use recycled water for gardens and toilets 
 Install energy saving and water saving appliances  
 Implement recycling and composting systems 
 Purchase environmentally friendly products 
 Install solar panels or other items to reduce the environmental footprint. 

Businesses 

 Embed environmental sustainability questions into tender processes 
 Develop business goals and targets 
 Implement business-wide initiatives e.g. waste management systems 
 Get involved in National initiatives  
 Educate your workers on environmental sustainability and consumption 
 Become a paperless office reducing paper usage, energy costs and ink usage 
 Implement waste and sustainability policies. 
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National 

 Implement environmental policies 
 Promote environmental awareness and consumption issues 
 Develop sustainability plans considering population increase 
 Promote environmental activities such as Overshoot Day 
 Design and implement new infrastructure  
 Culture change. 

Conclusion  

With the initiatives that have been developed there has been a noticeable decrease in consumption due to recycling 
and greater awareness, however, we are still a throwaway society and need further education. There are many 
recommendations for all levels of society to reduce consumption, however, there needs to be better promotion and 
involvement to ensure their effectiveness.  

References 

Alonso, A., Monzon, A., and Cascajo, N,R. (2015). Comparative analysis of passenger transport sustainability in 
European cities. Ecological Indicators, 48, 578-592. doi: https://doi.org/10.1016/j.ecolind.2014.09.022  

Australia Bureau of Statistics. (2014). Household Energy Consumption Survey, Australia: Summary of Results, 2012. 
Retrieved from http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4670.0main+features132012 

Australian Bureau of Statistics. (2010). Household Sector Consumption. Retrieved from 
http://www.abs.gov.au/ausstats/abs@.nsf/bb8db737e2af84b8ca2571780015701e/5f76d62497933a6bca2
5779e001c4846!OpenDocument  

Australian Bureau of Statistics. (2010a). Waste Disposed to Landfill. Retrieved from 
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1370.0~2010~Chapter~Landfill%20(6.6.4
)   

Australian Bureau of Statistics. (2010b). Waste Generated Per Person. Retrieved from 
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1370.0~2010~Chapter~Waste%20per%2
0person%20(6.6.3)   

Australian Bureau of Statistics. (2010c). Public Transport. Retrieved from 
http://www.abs.gov.au/ausstats/abs@.nsf/Products/4602.2~Oct+2009~Chapter~Public%20Transport  

Australian Bureau of Statistics. (2012). Household energy use and costs. Retrieved from 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features10Sep+2012  

Australian Bureau of Statistics. (2017). 2016 Census. Retrieved from 
http://www.abs.gov.au/websitedbs/censushome.nsf/home/2016   

Australian Government. (n.d). Indicator: HS-74 Australia's ecological footprint. Retrieved from 
http://www.environment.gov.au/node/22333   

Cahill, R., Lund, J. (2012). Residential Water Conservation in Australia and California. Journal of Water Resources 
Planning and Management, 139. doi: https://doi-org.ezp01.library.qut.edu.au/10.1061/(ASCE)WR.1943-
5452.0000225   

Collins, A., and Flynn, A. (2015). Ecological Footprint: New Developments in Policy and Practice. Retrieved from 
http://ebookcentral.proquest.com/lib/qut/detail.action?docID=3563703  

Commonwealth of Australia. (2017). Increased consumption. Retrieved from 
https://soe.environment.gov.au/theme/built-environment/topic/2016/increased-consumption  

Department of Industry, Innovation and Science. (2016). Australian Energy Update. Retrieved from 
https://industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aes/2016-australian-
energy-statistics.pdf  

Department of the Environment and Energy. (2017). Calendar of Environmental Events 2017. Retrieved from 
http://www.environment.gov.au/about-us/media-centre/events   

Department of the Environment and Energy. (2017a). How NatHERS star ratings are calculated. Retrieved from 
http://nathers.gov.au/owners-and-builders/how-nathers-star-ratings-are-calculated  

Dwyer, L., Forsyth, P., Spurr, R., and Hoque, S. (2010). Estimating the carbon footprint of Australian tourism. Journal 
of Sustainable Tourism, 18, 355-376. 
http://dx.doi.org.ezp01.library.qut.edu.au/10.1080/09669580903513061   

 

https://doi.org/10.1016/j.ecolind.2014.09.022
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4670.0main+features132012
http://www.abs.gov.au/ausstats/abs@.nsf/bb8db737e2af84b8ca2571780015701e/5f76d62497933a6bca25779e001c4846!OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/bb8db737e2af84b8ca2571780015701e/5f76d62497933a6bca25779e001c4846!OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1370.0~2010~Chapter~Landfill%20(6.6.4)
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1370.0~2010~Chapter~Landfill%20(6.6.4)
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1370.0~2010~Chapter~Waste%20per%20person%20(6.6.3)
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1370.0~2010~Chapter~Waste%20per%20person%20(6.6.3)
http://www.abs.gov.au/ausstats/abs@.nsf/Products/4602.2~Oct+2009~Chapter~Public%20Transport
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features10Sep+2012
http://www.abs.gov.au/websitedbs/censushome.nsf/home/2016
http://www.environment.gov.au/node/22333
https://doi-org.ezp01.library.qut.edu.au/10.1061/(ASCE)WR.1943-5452.0000225
https://doi-org.ezp01.library.qut.edu.au/10.1061/(ASCE)WR.1943-5452.0000225
http://ebookcentral.proquest.com/lib/qut/detail.action?docID=3563703
https://soe.environment.gov.au/theme/built-environment/topic/2016/increased-consumption
https://industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aes/2016-australian-energy-statistics.pdf
https://industry.gov.au/Office-of-the-Chief-Economist/Publications/Documents/aes/2016-australian-energy-statistics.pdf
http://www.environment.gov.au/about-us/media-centre/events
http://nathers.gov.au/owners-and-builders/how-nathers-star-ratings-are-calculated
http://dx.doi.org.ezp01.library.qut.edu.au/10.1080/09669580903513061


Page | 7 
 

Ewing, B., Reed, A., Galli, A., Kitzes J., and Wackernagel, M. (2010). Calculation methodology 
for the national footprint accounts, 2010 edition. Retrieved from 

http://www.footprintnetwork.org/content/images/uploads/National_Footprint_Accounts_Method_Paper_
2010.pdf  

Flint, K. (2001). Institutional ecological footprint analysis ‐ A case study of the University of Newcastle, Australia. 
International Journal of Sustainability in Higher Education, 2, 48-62. https://doi-
org.ezp01.library.qut.edu.au/10.1108/1467630110380299  

Global Footprint Network. (2017). Ecological Footprint. Retrieved from http://www.footprintnetwork.org/our-
work/ecological-footprint/  

Global Footprint Network. (2017a). Think Big. Retrieved from http://www.footprintnetwork.org/   
Graeber, D. (2011). Consumption. Current Anhropology, 52, 489-511. doi: 10.1086/660166  
Green, R., Cornelsen, L., Dangour, A.D., Turner, R., Shankar, B., Mazzocchi, M., and Smith, R.D. (2013). The effect of 

rising food prices on food consumption: systematic review with meta-regression. BMJ. doi: 
https://doi.org/10.1136/bmj.f3703   

Gruyter, C.D., Currie, G., and Rose, G. (2016). Sustainability Measures of Urban Public Transport in Cities: A World 
Review and Focus on the Asia/Middle East Region. Sustainability, 9, doi: 10.3390/su9010043  

Hadjikakou, M. (2017). Trimming the excess: environmental impacts of discretionary food consumption in Australia. 
Ecological Ergonomics, 131, 119-128. doi: https://doi.org/10.1016/j.ecolecon.2016.08.006  

Hamilton, C., Denniss, R., and Baker, D. (2005). Wasteful Consumption in Australia. Retrieved from 
http://www.tai.org.au/documents/downloads/DP77.pdf   

Hopton, M.E., and Berland, A. (2015). Calculating Puerto Rico’s Ecological Footprint (1970–2010) Using Freely 
Available Data. Sustainability, 7, 9326-9343. doi: 10.3390/su7079326 

Ivanova, D., Stadler, K., Steen-Olsen, K., Wood, R., Vita, G., Tukker, A., and Hertwich, E.G. (2015). Environmental 
Impact Assessment of Household Consumption. Journal of Industrial Ecology, 20, 526-536. doi: 
10.1111/jiec.12371   

Kitzes, J. (2013). An Introduction to Environmentally-Extended Input-Output Analysis. Resources, 2, 489-503. doi: 
10.3390/resources2040489  

Kroesen, M. (2013). Exploring people's viewpoints on air travel and climate change: understanding inconsistencies. 
Journal of Sustainable Tourism, 21, 271-290. doi: 
http://dx.doi.org.ezp01.library.qut.edu.au/10.1080/09669582.2012.692686   

Lenzen, M., and Murray, S.A. (2001). A modified ecological footprint method and its application to Australia. 
Ecological Economics, 37, 229-255. https://doi.org/10.1016/S0921-8009(00)00275-5  

Murray, M. (2002). The growth of tourism and air travel in relation to ecological sustainability. The international 
journal of tourism research, 4, 147. doi: 
http://onlinelibrary.wiley.com.ezp01.library.qut.edu.au/doi/10.1002/jtr.365/abstract;jsessionid=8CD725CC
0007B3EDAD201ADE165D8714.f03t03   

NASA. (n.d.). Thrust Specific Fuel Consumption. Retrieved from https://www.grc.nasa.gov/www/k-
12/airplane/sfc.html  

Reynolds, J., Piantadosia, J., Buckley, J.D., Weinsteind, P., and Bolanda, J. (2015). Evaluation of the environmental 
impact of weekly food consumption in different socio-economic households in Australia using 
environmentally extended input–output analysis. Ecological Ergonomics, 111, 58-64. doi: 
https://doi.org/10.1016/j.ecolecon.2015.01.007  

Roura, P., and Oliu, D. (2012). How energy efficient is your car?. American Journal of Physics, 80, 558-593. doi: 
10.1119/1.4704821 

Sarkar, P. (2011). How to Calculate Fabric Consumption of a Garment?. Retrieved from 
http://www.onlineclothingstudy.com/2011/03/how-to-measure-fabric-consumption-of.html   

Somerville, H. (2003). Travel, tourism and the environmental challenges. Tourism and Hospitality Research, 5, 65-71. 
doi: https://doi-org.ezp01.library.qut.edu.au/10.1057/palgrave.thr.6040006  

The World Bank Group. (2017). Global Consumption Database. Retrieved from 
http://datatopics.worldbank.org/consumption/   

Tricia. (2011). How big is your ecological handprint?. Retrieved from 
http://www.littleecofootprints.com/2011/06/ecological_hand_print_world_environment_day.html   

WorldWatch Institute. (2016). The State of Consumption Today. Retrieved from 
http://www.worldwatch.org/node/810   

WWF. (2016). Ecological Footprint Calculator. Retrieved from http://www.wwf.org.au/get-involved/change-the-way-
you-live/ecological-footprint-calculator#gs.xDrC=lE  

  

http://www.footprintnetwork.org/content/images/uploads/National_Footprint_Accounts_Method_Paper_2010.pdf
http://www.footprintnetwork.org/content/images/uploads/National_Footprint_Accounts_Method_Paper_2010.pdf
https://doi-org.ezp01.library.qut.edu.au/10.1108/1467630110380299
https://doi-org.ezp01.library.qut.edu.au/10.1108/1467630110380299
http://www.footprintnetwork.org/our-work/ecological-footprint/
http://www.footprintnetwork.org/our-work/ecological-footprint/
http://www.footprintnetwork.org/
https://doi.org/10.1136/bmj.f3703
https://doi.org/10.1016/j.ecolecon.2016.08.006
http://www.tai.org.au/documents/downloads/DP77.pdf
http://dx.doi.org.ezp01.library.qut.edu.au/10.1080/09669582.2012.692686
https://doi.org/10.1016/S0921-8009(00)00275-5
http://onlinelibrary.wiley.com.ezp01.library.qut.edu.au/doi/10.1002/jtr.365/abstract;jsessionid=8CD725CC0007B3EDAD201ADE165D8714.f03t03
http://onlinelibrary.wiley.com.ezp01.library.qut.edu.au/doi/10.1002/jtr.365/abstract;jsessionid=8CD725CC0007B3EDAD201ADE165D8714.f03t03
https://www.grc.nasa.gov/www/k-12/airplane/sfc.html
https://www.grc.nasa.gov/www/k-12/airplane/sfc.html
https://doi.org/10.1016/j.ecolecon.2015.01.007
http://www.onlineclothingstudy.com/2011/03/how-to-measure-fabric-consumption-of.html
https://doi-org.ezp01.library.qut.edu.au/10.1057/palgrave.thr.6040006
http://datatopics.worldbank.org/consumption/
http://www.littleecofootprints.com/2011/06/ecological_hand_print_world_environment_day.html
http://www.worldwatch.org/node/810
http://www.wwf.org.au/get-involved/change-the-way-you-live/ecological-footprint-calculator#gs.xDrC=lE
http://www.wwf.org.au/get-involved/change-the-way-you-live/ecological-footprint-calculator#gs.xDrC=lE


Page | 8 
 

 

      

 

                                   

 

       

  



Page | 9 
 

1.2.1: Air travel for staffs and students 

Author: Onyeyirichi Dave Ikediuwa 

Scope 

This section of the report is focused on the footprint and handprint of people from air travel. The target population 
is the staffs and students of Queensland university of Technology (QUT), Kelvin Grove campus. 

Introduction 

Air travel is regarded as one of the fastest and safest mode of transportation and it is used for long distance travel 
which includes; interstates and international travels (Arushi, 2011). Although it has a massive positive impact on 
economic and social growth, it also contributes remarkably on climate change, air quality and noise. Air travel is not 
limited to aircrafts only but also involves the whole aviation system, which includes airports. Thus, airports 
contribute to the environmental impact as the use of resources and material inputs are involved in the 
establishment and operations of airports. 

The purpose of this report is to audit the footprint and handprint of air travel for QUT kelvin grove campus 
stakeholders and how it may be improved where needed. The various stakeholders and their activities that involve 
air travel will be further explained. Even though this report is focused on QUT stakeholders, a review of global 
activities that involves air travel will be listed as well.  

Table 1: Air transport users and activities that involve air travel 

Air Transport Users Purpose 

Globally: This involves; 
 The public users 
 Government and Non-governmental agencies 
 Military 
 Religious organisations 
 Schools and other institutions. 

 
Conference, Business, Tourism, Holidays and 
Recreation travels, migration, work related 
travels, Seminars, Research, Training, etc.  

QUT Stakeholders: This includes; 
 Staffs (academic and non-academic staffs) 
 Students (domestic, international, internal, external 

and exchange students) 

 
Conference, Business, Tourism, Holidays and 
Recreation travels, migration, work related 
travels, Seminars, workshops, Research, 
Training, etc 

Cargo: This involves transportation of goods. Courier and mailing services, Business 
(Import and export). 

Air Travel: Footprint  

Air travel has a significant impact on the global climate. The aviation sector has experienced rapid growth over the 
past few decades; this growth has significantly contributed to climate change due to the emissions from the aircrafts 
(Daley, 2016) and continues to increase as the sector expands more rapidly. The emissions from aircrafts changes 
the atmospheric gas composition found in the lower stratosphere and the higher troposphere region between which 
is the cruising point for aircrafts and where most emissions occur. Aviation kerosene (also known as jet fuel) 
produces carbon dioxide (C02) and water vapour (H2O) following complete combustion. The amount of C02 and H2O 
emitted by an aircraft is determined by the proportion of carbon and hydrogen present in the fuel. Jet fuel also 
contains a small amount of sulphur compounds, which enhances lubrication. This sulphur compounds produces a 
small amount of sulphur dioxide (SO2) formed from the oxidation of sulphur. There are some other chemical 
compounds that are present in the emitted gases, but in this case as a result of incomplete combustion of jet fuel; 
these residual components include oxides of nitrogen (NOx), hydrocarbons (HCs), carbon monoxide (CO), soot and 
sulphate particle. 
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According to Daley (2016), aircraft emissions vary according to the engine operating regime. Daley (2016) reported 
differing amounts of engine emissions of aircrafts at idle, take-off and cruising point (Table 2).  The environmental 
impact of aircraft emission also varies with the altitude at which it is operating. 

Table 2: Aircraft emission at different engine operating regimes 

Species               Emissions (g) per kg kerosene burned 

 Idle Take-off Cruise 

CO2 3,160 3,160 3,160 

H2O 1,230 1,230 1,230 

NOx (as NO2) 4.5 (3–6) 32 (20–66) 7.9–11.9 

Short-haul 

Long-haul 4.5 (3–6) 27 (10–53) 11.1–15.4 

CO 25 (10–65) <1 1–3.5 

HC (as methane) 4 (0–12) <0.5 0.2–1.3 

SOx (as SO2) 1.0 1.0 1.0 

Daley (2016) “Air transport and the environment “ 

The impact of air travel on the climate is diverse, with aircraft emissions being the most influential, as well as from 
airport operations and services (Daley, 2016). The major concern is the impact on climate from aircraft emission 
both emissions from subsonic (civil aircraft) and supersonic aircrafts. The substances emitted into the atmosphere 
cause radiative forcing; these are the greenhouse gases that are derived from fossil fuel combustion. CO2 is the 
major greenhouse gas that is emitted by aircrafts and the quantity emitted is directly related to fuel consumption 
(i.e. increase in fuel consumption = increase in CO2 emission). Therefore, improving the fuel efficiency of an aircraft 

Figure 1: Emissions from jet fuel adapted from Arushi (2011) “Aviation and environment: A working 
paper. 
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will reduce the amount of CO2 emission. Emissions of aerosols (e.g. sulphate particles) also cause radiative forcing. 
Based on the study by Daley (2016), the impact of aircraft emission on climate has been analysed. See table 3 below. 

Table 3: The emitted substances and its effect on climate 

Effect Significance 
Emission of carbon dioxide (CO2) Carbon dioxide is the most important 

 greenhouse gas emitted by human 

 activities; it has a warming effect 
   

Emission of nitrogen oxides (NOx) Nitrogen oxides cause the enhancement 
 of tropospheric ozone (O3), which is a 
 greenhouse gas; NOx also depletes methane 

 (CH4), another greenhouse gas  

Emission of water vapour (H2O) The effects of water vapour emissions from 
 civil aircraft are currently thought to be 
 small, but they may be significant in the 
 future – especially if a supersonic fleet is 

 Developed 
   

Emission of soot particles Soot particles absorb solar radiation 
 and cause a small, localised warming of 
 the atmosphere; they also act as cloud 
 condensation nuclei in the formation of 

 contrails and cirrus clouds  

Sulphate particles derived from Sulphate particles backscatter solar 
emission of sulphur oxides (SOx) radiation, resulting in a small cooling 

 effect; they also act as cloud condensation 
 nuclei in the formation of contrails and 

 cirrus clouds 
   

Condensation trails (contrails) Contrails are thought to have a warming 
 effect on the atmosphere; they may 
 evaporate rapidly or may persist and spread 

 to form cirrus clouds  

Enhanced cirrus cloudiness Enhanced cirrus cloudiness has a 
 potentially large warming effect on 
 the atmosphere, but many scientific 

 uncertainties remain about this issue 

Daley (2016) “Air transport and the environment “  
According to Daley (2016), the environmental impacts of air travel is not only limited to aircraft emission from 
combustion of fuel, although it is the most significant. Airport operations, staffs, passengers, freight, goods and 
waste to, from and within an airport contribute as well. 
List of the main environmental impact of air travel and sources according to Daley (2016): 

 Climate change: The main causes are emissions from aircraft, emission from other fossil fuel driven engines 
(e.g. stationary plant and vehicles) and airport construction. 

 Ecological change: The main causes are watercourse and drainage reconstruction and airport construction. 
 Land contamination: This is caused by waste disposal from airport, airport construction, servicing and 

maintenance of aircraft; run-off of de-icing fluid; oil, fuel and hydraulic spills. 
 Waste generation: Waste is generated from aircraft and airport operations. 
 Water consumption: This caused by servicing and maintenance of aircrafts, aircraft and airport operations. 
 Water pollution: This is caused by aircraft and airport waste disposal, servicing and maintenance of aircraft, 

spills from oil, fuel and hydraulic. 
 Land contamination: This is caused by aircraft and airport waste disposal, servicing and maintenance of 

aircraft, spills from oil, fuel and hydraulic and airport construction. 
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 Habitat degradation: The main causes are watercourse and drainage reconstruction, airport construction. 
The major challenge with air travel is identified internationally as the emission of carbon (the carbon footprint).  

Air Travel: Handprint 

Handprint in air travel identifies the knowledge of the impacts of air travel on the environment, what has been done 
and how air travel can be made environmentally friendly. According to Arushi (2011), due to the step by step 
modification and enhancement of aircraft engine and aircraft design the fuel efficiency of the current aircrafts is 80% 
better than aircraft that operated in 1960’s. The outcome is saving a proportion of CO2 emission in the environment. 
The objectives of the International Civil Aviation Organization (ICAO) on their 37

th
 assembly in October 2010 reached 

an agreement with its 190-member states to intervene on climate change caused by the international aviation 
sector (Department of Infrastructure and Transport, 2012). This was achieved by the submission of action plan by 
the member states. 

The agreement was based on reduction of emission from aircraft and airport operations to be achieved by the year 
2050 and it includes: 

 Improvement of aircraft engines involving modification of aircraft engines designs to be more fuel efficient. 
 Use of alternative fuel such as biofuel which is known to be more environmentally friendly 
 Improving aircraft management operations 
 Improvement of airport settings and operations 
 Policy improvement. 

(Department of Infrastructure and Transport, 2012) 

Discussion 

The attached audit tool in appendix G is a generic environmental audit tool for use in aviation, modified to ensure fit 
for purpose and it addresses most/all the potential environmental aspect and impact of the industry.  

Conclusion and recommendation 
This report has clearly stated the implications of climate change as a result of air travel, despite the fact that aviation 
sector is one of the fastest growing in world. It has great impact on socio-economic growth, impacts negatively on 
the global climate through the emissions from aircrafts and airport; and the consumption of resource and waste 
generation. ICAO state members on their 37

th
 Assembly reached an agreement to further improve environmental 

sustainability by taking necessary actions to reduce emissions from aviation industry to a minimum by 2050.    
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1.2.2: Daily transport to campus 

Introduction 

Worldwide, transport activity for people and products is increasing rapidly and is expected to double by year 2050 
(Nesheli, Ceder, Ghavamirad & Thacker, 2017). Both workers and students commute daily to and from the place of 
work or study (Kerr, Lennon & Watson, 2010). The increase in the automobiles may cause problems for the 
environment such as noise pollution, air pollution, shortage of energy and traffic congestion (Jamnonkwao, 
Sangphong, Khampirat, Siridhara & Ratanavaraha, 2016).  

Emissions from land transport has significant impact on the climate and atmosphere. The road vehicles are 
predominant source of release of greenhouse gases in the environment (Uherek et al., 2010). Road transport 
accounts for 14% of worldwide greenhouse gases emission such as CO2, nitrous oxide, sulfur hexafluoride, 
chlorofluorocarbons and methane (Henshaw, 2008; Nesheli et al., 2017).  In addition, the particles and gases which 
are emitted by road transport have effect on the air quality and atmospheric composition (Uherek et al., 2010). 

It is important for the universities to identify the suitable ways of transport for sustainable development. In addition, 
managing public transport for the student is different from public because student have financial limitations 
(Jamnonkwao at al., 2016). In this audit report the environmental handprints and footprints of the different modes 
of transport are discussed. Firstly, the grey literature is searched to identify the different impacts of transport on the 
environment and then transport used in Kelvin grove campus by students and staff is assessed to compare 
handprints and footprints. Following that an audit tool is developed, and some recommendations are made for 
sustainable development.  

Literature review 

Footprints: The transport has numerous footprints on the environment. These are as follows- 

 Air pollution  

A variety of pollutants are emitted by motor vehicles. The quantity and type of contaminant depends on the type of 
vehicle, operating condition of the vehicle and number of vehicles. Due to emission from the vehicles the ambient 
concentration increases in the environment. The contaminants which are emitted by motor vehicles are nitrogen 
dioxide, carbon monoxide, oxides of nitrogen particularly nitric oxide, carbon dioxide, volatile organic compounds 
(VOCs) and particulate matter (O'Mahony, Broderick, Gill, Ahern & English, 2000). According to O'Mahony et al., 
(2000) transport sources may cause approximately 60% of VOCs, 50% oxides of nitrogen and 80% carbon monoxide 
emissions in the environment. The emission of nitrogen dioxide from diesel vehicles is increasing daily and still 
requires better technology for sustainable development. In addition, the level of the carbon dioxide emissions also 
continues to rise due to air conditioning system in vehicles (Uherek et al., 2010). 

 Waste impacts of the Transport  

The maintenance, operation and construction of transportation system results in numerous types of waste such as 
scrap vehicles and tyres and this waste material may have direct impacts on the natural environment. Moreover, 
there are some indirect effects of transport infrastructure such as road runoff and underground petrol tanks on the 
environment (O'Mahony et al., 2000). Storm water runoff from roads often contains many dissolved solids, organic 
compounds, particulates and metals. These waste products come from fluid leakage, road maintenance activities, 
traffic activities and pavement degradation. In addition, some road runoff passes to the sides of the roads where it 
drains directly or indirectly into water bodies (O'Mahony et al., 2000).  

 Land use 

Transportation have an indirect impact on the environment due to land use. For example, transport infrastructure 
like rail-lines, car parks, roads, bridges, tunnels and filling stations require land and energy and may adversely affect 
environment (Uherek et al., 2010). The state government clear land for parking and construction of roads at local 
level but land clearing and timber harvesting have cumulative effect on the large scale (Dale et al., 2005). 

 Noise 

Vehicle noise is another significant issue for environment whether it is caused by rail or road transport. The amount 
of vehicle noise and effects on people and environment is increasing dramatically (McDonald, Geraghty, Humphreys 
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& Farrell, 2008). Noise emission from road vehicles depend on the various factors such as speed, road surface and 
traffic flow (O'Mahony et al., 2000).  According to O'Mahony et al., (2000) at low speed the engine of the vehicle 
make noise but at high speed the other parts of the vehicle including carriageway and tyres also create noise. 

A case study of the university of Toronto showed footprints of private transport on the environment. According to 
this case study if 10% of solo student drivers and 20% of carpool students use the public transport, it would reduce 
the total transportation footprint by 5% (Conway, Dalton, Loo & Benakoun, 2008).  

 Emission of Chlorofluorocarbons (CFCs) 

Air conditioning in passenger vehicles has become common everywhere and may have impact on the environment. 
According to a study done in the year 2000, 720 million vehicles globally is equipped with air conditioning system 
and still increasing. Chlorofluorocarbon’s is the chemical in mobile air conditioners and this gas may cause depletion 
of ozone layer. Its emission occurs through leakage, accident and at disposal time (Uherek et al., 2010).   

 Climate change 

It is clear from studies reviewed that greenhouse gases emitted by transport have impact on climate and may cause 
of global warming. The temperature of the environment increases about 0.2-degree calices every decade (Uherek et 
al., 2010).   

 Soil pollution 

The environmental impacts due to off road vehicles also include changes in vegetation properties and soil 
compaction (Dale et al., 2005). Soil contamination also occur by use of toxic material in the construction industry 
(Rodrigue, 2017).  

 Impact on water quality 

Transport activities have adverse effect on the water quality and hydrological conditions. Chemicals, fuel and other 
harmful particulates emitted from cars, buses and trains contaminate water sources (Rodrigue, 2017).    

Handprint: The handprints of transport activities are: 

 Information technology 

The use of information technology (IT) in transport to minimize environmental impacts is helpful for instance traffic 
control signals assists in controlling traffic congestion on roads thus decreasing air pollution (O'Mahony et al., 2000).  

 Walking 

The students who lived near campus have a handprint on the environment from their daily commute to and from 
the campus (Conway et al., 2008). 

 Free shuttle bus 

Another handprint from QUT is the provision of free intercampus shuttle between Kevin Grove and Gardens Point 
campus all day as well as evening shuttle bus between the university and the surrounding parking locations and 
public transport stops to staff and students (QUT, Alternative travel options, 2017). This is aimed towards ensuring 
sustainable development by reducing the number of private vehicles being used by its core stakeholders.  

 Bike riding (cycling) 

Cycling is a good alternative mode of transport for students and staff because it has numerous handprints on the 
environment. Cycling is pollution free, uses minimal quantity of fossil fuel, reduces transport expenses, traffic 
congestion on roads during busy time and emission of greenhouse gases as well as having a positive health impact 
on the individual (Queensland Government, 2017). It has been identified that cycling 20km daily as a transport 
alternative will reduce greenhouse gas emission by 1500kg per year with more improvement during peak hours of 
traffic through reduction in traffic congestion an improved traffic flow (Queensland Government, 2017). To promote 
this initiative, Kelvin Grove campus provides support services such as free and secure bicycle parking and showering 
facilities within the campus (QUT Transport, 2016). 
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Measurement approaches and audit tool 

To measure air pollution ambient concentrations are compared with standard values. These concentrations may be 
measured through atmospheric dispersion modelling or monitoring of air quality (O'Mahony et al., 2000). Noise 
levels may be measured and compared with the background noise level (McDonald et al., 2008). In a case study of 
Toronto university campus an ecological footprint tool was used to measure the footprints of people using different 
modes of transportation on the environment (Conway at al., 2008). 

A checklist was developed to assess handprints and footprints in Kelvin Grove campus of daily transport by students 
and staff members (Appendix H). 

Discussion 

Transport system that people use to commute from one place to another can have numerous footprints and/or 
handprints on the environment. In QUT Kelvin Grove campus students and staff members use different modes of 
transport such as public transport (buses, trains), private cars, bikes etc. Each mode of transport impact on the 
environment differently through air, noise and water pollution as well as impact on the climate due to emission of 
greenhouse gases.  

To ensure environmental sustainability, reduction of greenhouse gas emission and the degree of private vehicle use 
by staff and students, QUT provides free inter campus shuttle buses. QUT also encourages its stakeholders to use 
other alternative form of transport such as cycling by providing free and secure bike parking and showering facilities 
for cyclers (QUT Alternative travel options, 2017; QUT sustainability). However, parking for vehicles are paid to 
discourage driving to the university. In addition, QUT provides accommodation close to the campus on Kelvin Grove 
and this has handprint for on the environment because it encourages access to the campus by walking. According to 
Conway et al., (2008) walking have zero footprint on environment. Furthermore, for sustainable development, QUT 
campus further promotes public transport system by providing concession fares to current students.  

On the other hand, there are number of students and staff members who use private cars to travel to Kelvin Grove 
campus. These cars may have adverse effect on campus environment. Firstly, to provide parking facilities for these 
vehicles will require land clearing often on a large scale. According to Uherek et al., (2010) clearing of land have 
indirect impact on the environment. Aside from this, private vehicles create other environmental problems such as 
noise and air pollution at campus. To resolve these issues, speed limits were set by QUT policy makers because as 
identified above by O'Mahony et al., (2000), vehicles on high speed contribute more to environmental noise.   

Recommendations 

 To mitigate emissions of waste products on the roads the manufacturers of motor vehicles and respective 
parts should be develop designs that are sustainable for the environment (O'Mahony et al., 2000). 

 The number of private cars should be reduced by providing better public transport system to students and 
staff of the university (Conway et al., 2008). 

 Provision of bus pass to the students and staff is another way to promote the use of public transportation 
system and to eliminate impacts on environment from private vehicles (Conway et al., 2008). 

 Make public transport safer and more convenient (World Health Organization, 2008). 
 Reuse of batteries and tyres as well as recycling of waste material is useful in reducing the impact from 

transport waste on environment (O'Mahony et al., (2000).  
 Land use planning should also be adequate to ensure minimal environmental impact (Conway et al., 2008).  
 Identifying high risk areas, quantifying the noise impacts and implementing necessary changes is another 

option towards managing environmental noise from transportation (McDonald et al., 2008). 
 Educate student and staff on the importance of speed limit with respect to higher fuel consumption, 

emissions and environmental noise associated high speed cars (World Health Organization, 2008).  
 Promote cycling, walking and car pool among students and staff members to harness the positive impacts 

on environment (UQ Transport Systems).  
 Promote video conferences or online tutorial where possible to reduce the need to travel and the 

associated footprints on the environment (UQ Transport Systems). 

Limitations 

 Limited data was found on QUT Kelvin Grove campus therefore data obtained from other universities and 
sources were used to assess both handprints and footprints.  

 The report is based on observation no site inspection was conducted.  
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Conclusion 

Transportation is a necessity for people. Transport has numerous benefits for community such as economic, health 
etc., however transport system also has negative impacts on the environment on a large scale. Vehicles emit 
numerous greenhouse gases that may cause of climate change and noise pollution. In addition, vehicles such as 
buses, trains and cars affect water, air and soil quality as well as biodiversity. Apart from this, air conditioning system 
in different modes of transport emit CFCs that may cause ozone layer depletion and change in the temperature of 
the environment. On the other hand, cycling and walking have handprints for the environment because they do not 
emit any greenhouse gas and consume less energy.  

In Kelvin Grove campus students and staff use different modes of transport daily to travel with impact on the 
environment. For sustainable development QUT provides free intercampus shuttle bus to students and staff 
members, promotes cycling and walking to reduce negative impacts and periodically assesses the behaviour and 
attitude of students and staff towards the use of alternative transport options. An audit tool has been developed to 
assist in the assessment of Kelvin Grove campus handprints and footprints from transport.  
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1.2.3: Clothing and fashion 

Introduction  

There is an enormous scale of garment market worldwide and the worth of whole industry in 2012 was estimated at 
around 1.7 trillion US dollar (Claudio, 2007). The textile industry is characterised by high environmental 
consumption, which include water use, carbon waste, energy consumption, and agriculturally damaging (Volmajer 
Valh et al., 2011). Clothes and other fashion goods are used in an increased trend in daily lives of people, so it is 
necessary to determine the footprint and handprint of them to recognize the impact of clothing and fashion to the 
ecosystem.  

This audit report provides footprint and handprint information related to clothing and fashion at the campus, which 
aims to contribute the current footprint and handprint audit of people on campus. This audit report also makes 
some appropriate suggestions for the site biodiversity improvement and conservation.   

Literature Review  

Similar to the paper industry and petrochemical industry, the textile industry has a high consumption of water (The 
Guardian, 2012). Cotton, as the largest source of natural fibre in the textile industry, its culture constitutes the 
largest water consumption factor in the textile industry. An average of 30,000 litres of water can produce 1 kg of 
cotton, which means each cotton shirt consumes about 2700 litres of water (Williams, 2010). Moreover, the 
consumption factors of water in the textile industry is complex. It not only reflected in the supply of large quantities 
of water during the raw material irrigation stage, but also the wastewater discharge during the dying process, water 
usage and waste in the daily washing, and the pollution caused by pesticides (The Guardian, 2012). It estimated that 
the dyeing and treatment process of textile industries contributes 17% to 20% of industrial water waste. Besides, 
there are around 8,000 synthetic chemicals used to transfer raw materials to textiles, while many of pollutants are 
released into water resource during these processes (Kant, 2012). 

In 2006, each American produces a total CO2 emission of 19.8 tons and the CO2 emissions of clothing, fashion, and 
textiles occupied 1 ton of them (Rupp, 2008). As the leading textile exporter country, in 2011 China's textile and 
garment exports accounted for more than 30% of the amount of global textile trade volume. At the same time, 
energy consumption also increased significantly with the output value in China. From 1986 to 2010, Chinese CO2 
emission from industries increased from 55.6Mt to 75Mt, up 35% (Lin & Moubarak, 2013).  

In fact, the carbon emission from textile at the distribution centre can reach 12.5 kg of CO2 per kg after spinning, 
knitting, dyeing, rinsing, sewing and transporting. In other words, the unit CO2 emission of the textile industry is 
more than ten times the weight of its product (Zaffalon,2010). Compared with other sectors, such as smelting steel 
industry, CO2 emission per unit of product weight is only twice. Therefore, it should be recognised that the carbon 
footprint of clothing and textiles are high. The difference in the technology, process, raw material, and clothing style 
will cause further ecological footprint. It has been calculated that more than 6.5 kg of CO2 emission will be produced 
in the traditional process of a man's large white shirt (155 grams of cotton) made from non-renewable materials and 
energy (Zaffalon,2010). 

As the primary raw material of natural fibre, the production of cotton and wool is destructive from both the 
agricultural and environmental aspect. The chemical pesticides required during cotton growth are more than other 
crops, which can lead to water pollution and the enrichment of pesticides in the biosphere. Transitional grazing will 
lead to grassland degradation and land desertification, which will significantly damage the local ecosystem (Tüchsen 
et al., 2005). Also, the non-natural fibre raw materials of textile industries are mostly derived from the 
petrochemical industries. In the production process of these materials, nitrous oxide will be produced and released. 
As another greenhouse gas, its environmental impact is 300 times more than CO2 (Tüchsen et al., 2005). 

Audit Tool 

Previous Audit Tools and Limitation 

According to the research, there is no any suitable audit tool for auditing the footprint and handprint of clothing and 
fashion however, after an expanded search five relevant audit tools was identified and are: 
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 Personal Ecological Footprint (Eastern Connecticut State University, 2014) 
 Home Environmental Checklist (NSW Office of Environmental and Heritage, 2011) 
 Sustainability Audit Tool - Education and Care Services (Community Child Care, 2015) 
 Home Energy Self-Audit Checklist (Sustainable Energy Foundation of Victoria, 2014) 
 Home energy saver (US Department of Energy, 2017) 

The Personal Ecological Footprint (Eastern Connecticut State University, 2014) designed a particular section for 
auditing garments and clothing aspects. The audit tool uses different weighting points in various audit questions and 
finally collate the results to obtain the footprint of people. Based on these options, the audit finding of the footprint 
of clothing and fashion can be quantitative and qualitative. However, this audit tool focuses more on a 
comprehensive level rather than concentrate on the aspect of garments and the range and depth of the audit 
checklist for garments and clothing is not very well detailed.  

Home Environmental Checklist (NSW Office of Environmental and Heritage, 2011) set a subsection for auditing 
garments. However, there are only three relevant checklists questions under the subsection and this tool focuses 
more on comprehensive environmental audit at home. Answers to the questions are yes/no and does not provide 
for quantitative options. 

Sustainability Audit Tool - Education and Care Services (Community Child Care, 2014) does not have a particular 
classification of clothing, but distribute the clothing-related questions into other subsections that include Energy, 
Water and Waste. Besides, the evaluation of the whole audit checklist is vague and lacks objectivity. 

Home Energy Self-Audit Checklist (Sustainable Energy Foundation of Victoria, 2014) has a subsection on clothes 
washing and drying and the answer options are quantitative to an extent. However, there are just two checklists 
questions in the subsection, which is not enough to implement a comprehensive audit for clothing and fashion. 

The audit tool from US Department of Energy (US Department of Energy, 2017) has the same limitation with above 
audit tools, which are limited checklist questions, unavailable quantitative options, and insufficient audit depth. 

Audit Tool Improvement  

The development of audit tools is designed to meet the specific needs of different stakeholders (Nickelson et al., 
2013). QUT Kelvin Grove should consider an improved audit tool for clothing and fashion within the campus and the 
data collection method from audit targets (Hofland et al., 2017). 

On the other hand, some current personal footprint audit tools are worth learning and citing regarding audit 
structure and audit methods to develop and improve the audit tools for footprints of garments and fashion which 
suitable for use in QUT Kelvin Grove. 

The audit tool implemented in this report as well as the numerical calculation of the footprints for follows the 
module of The Personal Ecological Footprint (Eastern Connecticut State University, 2014). It also makes the 
questions more in-depth and detailed, while expanding the relevant checklist questions to make the footprint audit 
scope is more comprehensive in the area of clothing and fashion. Some of the checklist questions is based on the 
living habits of the people in the QUT Kelvin Grove, as well as questions or articles from the previous literature (NSW 
Office of Environmental and Heritage, 2011; Zaffalon, 2010; Volmajer Valh, et al., 2011; Community Child Care, 
2014; Sustainable Energy Foundation of Victoria, 2014). The audit tool implemented in this scoping audit activity 
also combines the evaluation of footprint with the handprint. More specifically, it uses adds points to express the 
footprint, that is, the consumption of environmental resources and the extent of the negative impact. On the other 
hand, it uses the subtraction to express handprint, which means the conservation and sustainability of 
environmental resources. The final assessment will synthesise the scores to obtain the individual footprint 
concerning clothing and fashion. 

The audit tool implemented in this audit activity is in Appendix I. 

Audit Equipment, Risk and Ethical consideration 

The equipment required during the audit include checklist questions, paper and writing instrument. When 
conducting an audit by email, the network and the digital devices (PC or smart phones) are also needed. 
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Because this audit is in the form of a questionnaire, there is low to very low risk involved in its application. Access 
permits, personal protective equipment (PPE), and insurance do not apply to this audit. 

Audit Application 

Characteristic of the Audit Scope 

The audit scope is mostly students of QUT Health Faculty of which a number of them are full-time overseas students, 
mostly aged between 25 and 35 years, whose purchasing power may be lower than those assessed in other audits. It 
is possible that younger aged students will have a distinct behaviours in relation to garment purchasing, routine 
maintenance of the clothing, recycling and other aspects, when compared to older age groups.  

Participants 

A survey could be conducted in the form of questionnaires. The scope of participants should be set as staff or 
students of QUT Kelvin Grove Health faculty. Participants can be asked to complete all checklist questions on 
computer or paper styles questionnaires based on their daily habits. The survey process is anonymous. After the 
investigation phase, all the findings need to be collected and aggregated. The recognition and analysis of the survey 
results can be compared with those collected in the further audit periods. After the survey, invalid results (no 
response or invalid answers) should be excluded from the process of data collection. A template of data collection is 
provided in Appendix 2. 

Data Summary  

Following data should be calculated for further analysis: 

 The percentage of participants who wear second-hand or hand sewn clothes 
 The percentage of participants who always or usually reuse, donate, swap, or sell old clothes rather 

than put them in trash 
 The percentage of participants who purchase many new clothes each year 
 The percentage of participants who always or usually dry their clothes using cloth lines 
 The percentage of participants who always or usually dry their clothes using the dryer. 
 The percentage of participants who consider whether the raw materials are environmental friendly 

when purchasing new clothes 
 The percentage of participants who usually or always consider “needs” primary when purchasing new 

clothes 
 The percentage of participants who usually or always consider “fashion” primary when purchasing new 

clothes 
 The percentage of participants who usually or always consider source or origin of the clothing when 

purchasing new ones 

The average clothing and fashion footprint of all participants can be compared to the result obtained from other 
organisations. 

Discussion and Recommendation 

Current Result of Other Organisations 

According to a survey of more than 2,000 people in the North America (Savers, 2017), 54% of the participants chose 
to throw away the clothes which they no longer wear, rather than donate or reuse these clothes.  

According to the Government of Victoria, around 54% households own at least one cloth dryer (Sustainability 
Victoria, 2014) however, the frequency and time of use vary broadly and depends on living habits. 

The WRAP (2012) survey in the UK found among the respondents that about 30% of garments in the wardrobe had 
not been worn and 57% choose to throw out clothes they no longer wear. 

In the same survey, 73% of respondents choose to donate some clothing to charities through a variety of ways 
(doorstep collections, recycling banks, etc.). More than a third of individuals give clothes to charities or exchange 
their clothes with friends and relatives (35%). Approximately one-fifth people choose to sell clothes online which 
they are no longer wear (21%).  
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Comparing the above data, the footprint and handprint of the clothing and fashion among the participants is clear. 
Some of the handprints include cloth donation to charities, exchange with friends and family, resell of unwanted 
clothes while the footprints are from over-purchasing, discarding unwanted clothes and subsequent waste 
generation, energy consumption from cloth maintenance etc. It should be recognised that these data come mainly 
from developed countries, which include the UK, US, and Canada, which means their ecological footprint are higher 
than the global average level. 

Further Recommendation 

Recommendations to improve the assessment and outcome on environment and sustainability based on reviewed 
literature (Kant, 2012; Eastern Connecticut State University, 2014; NSW Office of Environmental and Heritage, 2011; 
Sustainability Victoria, 2014; US Department of Energy, 2017) is as follows: 

 Carrying out publicity and educational activity based on the audit findings to promote environmentally 
friendly behaviour on the aspect of clothing and fashion and should address the need to 

o Purchase clothes rationally 
o Incorporate second-hand garment into the daily life 
o Consider the raw materials and place of origin when purchasing clothes  
o Be apprehensive of the environmental impact of textile industries 
o Try to repair broken clothes rather than buy a new one 
o Wash clothes at a lower temperature and wash as needed 
o Reduce the frequency of ironing clothes 
o Choose durable clothes  
o Use cloth lines to dry clothes 
o Recycle old clothes by donating, swapping or reselling 

 Encourage people to undertake self-audit to recognise their own ecological footprint and handprint and 
take measures to reduce their personal ecological footprint where applicable. 
 

Conclusion  

This report provides a brief literature review of the environmental aspects and impacts of clothing and fashion as 
well as obtaining the relevant audit tools and identifying the strengths and limitations of these audit tools. It also 
recommended an audit tool though integration of the identified tools and adding the qualitative and quantitative 
audit options to make it more comprehensive, in- depth and suitable for use at QUT Kelvin Grove. Relevant 
recommendations has been made to improve on ecological footprint and handprint performance at QUT Kelvin 
Grove. 
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1.2.4: Housing and household goods 

Author: Xinjun Li 

Introduction  

While human beings adopt to the nature and obtain natural resources, they have also created tremendous impacts 
affecting both people and environment. Housing and household as a big proportion of people’s routine live 
consumes substantial resources such as energy, water, land, raw material and so forth, that can be referred to as 
ecological footprint (WWF, 2016, p19). By understanding and auditing the footprints, it can help to understand the 
impacts on sustainability. This essay will demonstrate an overall view of the housing and household footprint and 
recommend an audit tool appropriate for use QUT Kelvin Grove Campus audit to determine the footprint of each 
household. It will also present some recommendation on reducing the household footprint to achieve the target of 
environmental sustainability. 

Literature Review 
Ecological footprint illustrates relationship between human activities and the impact on the environment’s ability to 
sustainably provide ecosystem services (WWF, 2016, p19). Since the early 1980’s, humanity has been overshooting 
what the earth can sustainably offer, especially in terms of the demands on cropland, grazing land, fishing grounds, 
forest product and built-up land (Sutcliffe, Hooper & Howell, 2008, p.1; WWF, 2016, p.13) (Figure. 2). One of the 
significant contributor to the pressure on the environment is housing and household that consume over fifty present 
of the available land mass and water and generate over sixty percent of the global greenhouse gas (Ivanova et al., 
2016, p.526). Globally, housing and household has significant impacts on carbon footprint and consumption of land, 
material and water. 

 

Figure 2: Global Ecological Footprint by component vs Earth’s biocapacity, 1961-2012 (WWF, 2016) 

Carbon Footprint 
Generally, carbon footprint is defined as the total amount of greenhouse gas emission expressed as CO2 generated 
by human activities from the use of products or services (Wright, Kemp & Williams, 2011, p.61). Housing and 
household has long been recognised as the primary generator of greenhouse gas emission. According to an 
investigation by Lvanova et al. (2016) in 2007 the global carbon footprint was 22 billion tonnes (22 Gt) of carbon 
dioxide equivalent (CO2-eq) accounting for 65% of the emissions over the year. The four main economies (United 
States, China, Japan and Russia) contributed approximately 50 % of the global emission where the United States 
alone generated 5.6 Gt CO2-eq (25.5%). The Unites States also had the highest of per capita carbon footprints of 
housing and households which was 4.9 times higher than the world average, 3.4 t CO2-eq/cap. There are various 
sources of housing and household greenhouse gas emission. Overall, the direct carbon emission primarily came from 
transportation (73%) and fuel consumption (27%), while the indirect carbon emission originated from consuming 
service (27%), housing (25%), products (17%) mobility (15%) and food (13%) (Lvanova et al., 2016).  
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Land Footprint 

Land footprint usually refers to the demand of using productive areas for development and provision of goods and 
services such as housing (Giljum et al., 2013, p.8). Globally, over 65 million square kilometres of land have been used 
to meet housing and household demands since 2010 resulting in more than 70 percent of global land use for housing 
purchases (Heinz, 2015). In accordance with a recent research by Lvanova et al. (2016), Russia, China, United States, 
Brazil and Australia contributed almost the half (31 million km

2
) of the global land use in housing purchases, 

followed by the European Union accounting for 15% (31 million km
2
).  On global scale, about 46 percent of the land 

are used for meeting the household demand of food, followed by shelter (26%) and service (15%).   

Material Footprint 

Material Footprint stands for the global allocation of raw material from the extraction to the final use (Wiedmann et 
al., 2015, p.6271). In the year 2007, housing and household consumed nearly 50% (32 Gt) of the extracted and used 
raw materials. Nearly 40% of the amount resulted from the consumption demands of housing and household in the 
United States, China, India and Brazil, where the United States had the greatest material footprint consuming 5.5 Gt 
(17%). Over 40 percent of the material footprint is linked to international trade and food and service were the main 
contributors globally, accounting for 36% and 17% respectively.  

Water Footprint 

Water Footprint can be defined as a measurement of the total freshwater consumption used for producing goods or 
service (Water Footprint Network, 2017). It is usually recognised as an indicator of living standard. In 2007, the 
global freshwater consumption was nearly 1,400 km

3
, of which the largest proportion was for housing and 

household consumption accounting for 81%. India, United States and China together contributed 670 km
3 

(48%) of 
water footprint. Globally, less than 5 percent of household water consumption was from direct use, while 
agriculture and livestock contributed 74% (975 km

3
) of the total indirect water footprint, followed by services 

accounting for 18% (Ivanova et al., 2016). 

Handprint 

The handprint refers to the positive action towards sustainability (Handprint, 2017). Due to lack of statistics, any 
reduction on the resources spent on housing and household will be considered as the handprint. However, 
unfortunately there is little evidence that there is a decrease in the demand for resources (Lenzen & Murray, 2001). 
Thus, the discussion on handprint from housing and household will be limited and more focus will be on the 
footprint and the ways of reducing it.  

Audit tool 

Scope 
The scope of the environmental sustainability audit tool focuses on the present and future environmental aspects 
and impacts of housing and household only and reflecting the ecological footprint and handprint of people at Kelvin 
Grove, QUT. The ultimate objective of the audit is to encourage people to make changes in their home and 
eventually contribute to the environmental sustainability. The target of the audit will be limited to residents and 
businesses at QUT Kelvin Grove Campus, roughly over 2,000 people (QUT, 2016). 

Method 
As it may be unlikely and difficult to enter each house to conduct the audit, this environmental sustainability audit 
will be completed via self-audit by sending the self-audit tool (appendix K) to the residents and businesses within 
Kelvin Grove Campus and results will be collated for review and analysis.  

This self-audit tool is modified from Banyule, Darebin, and Whittlesea Councils: Sustainable Homes Program - Energy 
Smart Home Assessment 2007 and Phillip Island Landcare: Sustaining Coastal Communities Project 2011 and 
considers the major environmental sustainability aspects, energy, water and waste. 
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Environmental sustainability aspects 

 Energy 
Much of Australia’s energy is generated from fossil fuels, for example coal-fired electricity and it contributes 
substantial quantities of greenhouse gases and other pollutants emitted to the environment causing impacts on air, 
water and land (Lenzen, Dey & Foran, 2014, p.375).  In Australia 2005, most of the energy consumption within is 
from heating and cooling (39%), appliances (30%) and hot water system (27%) and in total generated 94% of 
greenhouse gas emission associated with energy use (Department of the Environment and Heritage, 2005). 
However, through proper use of improved applications (energy efficient appliances) and clean energy (e.g. solar or 
wind energy), it can improve the environmental outcome, reduce greenhouse emission, mitigate climate change and 
promote quality living (Williams, Northcross & Graham, 2015, p.507). Thus, household energy audit will improve 
individual/household awareness of their energy consumption, encourage effective use of energy effectively reducing 
energy footprint. 

 Water 
Although much of our planet is covered with water, only less than one percent of the fresh water is directly usable 
for human demand (Smith, 1998). Household water use has long been recognised as a major consumption that 
accounts for almost one third of the total water use and raises environmental concern, such as depletion of fresh 
water reserve and climate change (Ferrara & Serret, 2008). Also, housing and household water use can cause 
significant damage to the environment in various paths, for instance, drawing water in a way of over-extraction from 
river, dam or underground can result in serious damage and consequences to local eco-system (Willis, Stewart, 
Panuwatwanich, Williams & Hollingsworth, 2011, p.1997). Similarly, severe impacts can be raised from the discharge 
of domestic used water, that carries several pollutants like oil, nutrients and bacteria, into stormwater system via 
flowing waterways (Ferrara & Serret, 2008, p.5). Thus, it is important to decrease water usage to reduce water 
footprint and increase handprint by using water effectively.  

 Waste 
Almost everything people do can generate waste, especially in modern household living. Although most of the 
household waste does not contain serious quantity of hazardous material or organisms, it cannot only attract pets 
(flies, rats and mosquitoes) becoming a health risk, but also contaminate water and soil, if not proper disposed 
(WHO, 2012).  While mineral spreading household hazardous waste (with corrosive, toxic, flammable, or chemical 
ingredients) can lead to significant environmental impact, through effective waste management, recycling and using 
green products, people can reduce waste and effectively contribute to environmental improvement hence the 
importance of household waste audit.   

Limitations  

Due to the massive quantity, the difficulty and security policy with entering each house, one of the best methods of 
conducting the audit is through self-administered audit which the participants’ willingness to participate is one of 
the key determinants of success. The number of people participating in the self-audit will significantly affect the final 
audit result. Although this self-audit tool has considered the major environmental factors associated with footprints 
and handprints of housing and household, to conduct a comprehensive audit, other determinants such as education, 
transportation, construction and renovations should be also included (Dey et al., 2007, p.293). 

Recommendations  

Although research has suggested that the current society can achieve environmental sustainability in contemporary 
era, the overall household footprint is still far above the sustainability targets, especially in the developed counties 
such as United States, the European Union and Australia (Roy & Caird, 2001). In terms of average in Australian 
households, each family was estimated to reduce its ecological footprint by 60% to 70% to achieve the target 
(Lenzen & Murray, 2001).  

Again, for people in QUT Kelvin Grove Campus, mostly students and staffs, who are more likely to be aware of the 
importance of reducing ecological footprint and taking responsibility to maintain sustainability, some easy and 
immediate improvement recommendation is as follows: 
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 share cars with neighbours or classmates 
 reduce or avoid long flight 
 use energy saving lamps instead of incandescent lamps and switch off lights when not in use 
 choose energy- efficient appliance 
 install gas stoves replacing electrical cooker 
 choose houses near Kelvin Grove Campus to reduce transport needs 
 purchase recycled goods 
 reuse, reduce and recycle waste (Mosman Council, 2017) 

On a large scale, as achieving sustainability remains a very huge task that requires the majority to change lifestyle 
and behaviours, ecological footprint can be as a good policy for government to guide and inspire people towards 
reducing environmental impacts and adapting a comfortable and sustainable lifestyle (Sutcliffe et al., 2008).  

Conclusion  

In conclusion, housing and household has great impact on the sustainability. While conducting an environmental 
audit of housing and household for the people in QUT Kelvin Grove Campus, self-audit can be an effective approach 
to assess their impacts in respect to the use of energy, water, and waste management. Although, achieving 
sustainability remains difficult at current stage, both individuals and government can contribute effort by changing 
behaviours or establishing relevant policy. 
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1.2.5: Teaching and Research  

Introduction  

The world is changing at a rapid rate and with increase of population and resources needed to maintain the 
processes is immense (World Bank & International Monetary Fund (IMF), 2008). As laid out in Bali in 2007, the 
Millennium Development Goals (MDGs) include eradicating hunger and poverty. The global economic outlook has 
been increasing in the last few years, with improvement of poverty index worldwide. Unfortunately, there has been 
no tangible improvement on the hunger and nutrition matters, which is evident from high food and energy prices 
(World Bank & IMF, 2008). Malnutrition has been identified to have a multiplier effect as other MDGs such as 
Maternal Health, Infant Mortality and Education cannot be met or sustained (World Bank & IMF, 2008). 

Globalisation in the 21
st

 Century invokes both positive and negative reaction amongst people (Madeley, 2009). It has 
been defined as a process in which all people and communities come to experience an increasingly common 
economic, social and cultural environment (International Federation of Social Workers,2017) and thus making the 
world a single market (Madeley, 2009). The effects of globalisation are quite clear; with developed nations reaping 
most of the benefits, often at the expense of developing nations. Climate change and improper resource use, which 
eventually leads to conflict, strife and war has had more impact on the developing countries (Madeley, 2009). This is 
because these countries may not have a strong system and economy in place to safeguard themselves from the 
adverse effects with a ripple effect on the developed world from mass migration and intercultural conflicts as a 
secondary effect (Madeley, 2009). This calls for more environmental management and sustainability through 
teaching and research to achieve a world net effect.  

The objective of this report is to look at the footprints generated from the teaching and research activities 
conducted by the Queensland University of Technology with a more detailed focus on the handprints also generated 
from teaching and research at the university. The impact of handprint from research and teaching has positive 
effects worldwide with some areas having had international collaboration. 

Queensland University of Technology (QUT) 

Organisation 

Popularly known as a university for the real world, the university has a global outlook and a real-world focus and 
offers high quality learning, teaching and research (Queensland University of Technology, 2017). It is one of the 
nation’s fastest growing research universities with a population of about 50,000 students both local and 
international spread over 3 main campuses namely Kelvin Grove, Gardens Point and Caboolture (Queensland 
University of Technology, 2017). 

It is currently ranks at 247 in the QS world survey of 2018 (Top University, 2017). Known for research excellence, it 
has an international award-winning Science and Engineering centre home to “The Cube” which is one of the largest 
digital interactive learning and display spaces. It also boasts of a creative industries faculty and a collaborative 
learning and interdisciplinary research environments (Queensland University of Technology, 2017). The University 
has worked hard to ensure that its focus on sustainability is achieved through policies, research initiatives and every 
day activities while acknowledging the various environmental impact it contributes by use of resources, water, 
energy and land to achieve its mission (Queensland University of Technology, 2017). 

Methodology 

A systematic approach in evaluating the type of research and teaching conducted at QUT facilities has led to identify 
the footprints which include: resource overuse, waste generation, emissions and social consequences vis-a-viz 
handprints which lead to sustainability awareness, ecosystem quality and social awareness that are by-products of 
teaching and research activities in and around the campus. 
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Footprints 

 Land  

The ecological footprint (EF) measures both the appropriation of land as a resource and land needed for waste 
uptake (CO2 sequestration) (Hoekstra & Wiedmann, 2014) and shows a trend of resource overuse such as land. 
More buildings are being developed in and around the campus with examples of a car park near Herston road and 
ring road, which will require more energy to maintain and generate more waste such as carbon emissions from the 
cars and solid waste from office and class buildings (Hoekstra & Wiedmann, 2014). Most countries have been 
identified to have an ecological deficit which means that the ecological footprint exceeds the carrying capacity 
(Matthews, Ferreira, & Nio, 2014) and as evident from land use at both Kelvin Grove and Gardens Point campus this 
situation is easily replicable. 

 Water Consumption  

As a teaching and research institute, water consumption is a major footprint at QUT being in the “top 20” water 
consumers in South East Queensland with $1.2 million price tag to purchase and dispose 337 million litres of water 
(Waste Water Management, 2006). Progress has been achieved with a reduction by 50% across the three campuses 
(Queensland University of Technology, 2017). 

 Chemicals  

Chemical components are used in research with examples in chemical manufacturing, gas production, mineral 
processing, food manufacturing and bio-process industries such as biofuels and waste product processing 
(Queensland University of Technology, 2017). The effects of chemicals to the environment is well documented with 
adverse effects to the health of human and animals. As a research facility a large amount of chemical wastes are 
disposed as end-products that contribute to ecological footprint. 

 Energy Consumption 

“The Cube” as described on the QUT website is one of the world’s largest digital interactive learning and display 
spaces consisting of 48 multi touch screen extending up to two levels at the QUT science and engineering centre 
(Queensland University of Technology, 2017). Multiple teaching and research spaces utilise gas and electricity as a 
source of energy.  Analysis of electricity use from 2009-2017 shows a reduction of 9% in consumption with current 
use standing at 33,803,724kwhr in 2017 and gas consumption of 478,613.536 MJ in 2017 that is a 13% reduction 
from 2009. Both figures show an extra ordinary amount of energy consumption at QUT, which has negative impact 
on the environment as power generation, is dependent on coal and other resources that have been shown to impact 
on the environment. 

 Solid Waste  

Although there is no documented evidence on quantity and type of solid waste generated from teaching and 
research at QUT, visual assessment done on campus shows construction demolition waste and asbestos at Kelvin 
Grove which has huge environmental footprint as it might end up in landfills. At the QUT Institute of Future 
Environment research facility, molasses produced from biofuel and sugarcane research contributes significantly to 
the footprint (Queensland University of Technology, 2017). 

 E-waste  

Other identified waste material which poses a significant ecological footprint include E-waste generated from 
computers, mobile phones, toners/print cartridge, fluorescent tubes, vehicles including shuttle bus and fleet vehicles 
owned by QUT, batteries etc. 

Handprints 

As identified by climate services, a new organisational field due to escalating global environmental change, 
organisations and industries are currently embracing and looking for ways to incorporate handprints into their 
organisational structure as QUT has done in the teaching and research area (Harjanne, 2017). As more world leaders 
and business people become aware of the effects of a changing environment and its impact on their industry and 
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global economy, embracing policies that have a positive influence on corporate governance and sustainability have 
become more important than ever (Ricart, Rodríguez, & Sánchez, 2005). 

QUT follows a comprehensive policy on sustainability and environmental protection for the future generation with 
visible results. Although not as much as expected at this point cumulatively sustainability will be achieved 
(Queensland university of Technology, 2017). 

Climate change with end result such as rise in sea levels, storm surges  has caused a lot of disruption with current 
floods in Senegal and Houston, Texas (Reguero, Losada, Díaz-Simal, Méndez, & Beck, 2015) while drought and 
diarrheal diseases are being experienced in various parts of East and horn of Africa (Levy, Woster, Goldstein, & 
Carlton, 2016). At QUT, projects like the climate change and the fossil fuel divestment encourages withdrawal of 
funds from questionable businesses that have impact to the environment such as the controversial mining project 
Adani Carmichael mining in North Queensland in attempt to reverse these effects of climate change. 

 Corporate Sustainability  

The school of accounting is also researching and impacting on environment and sustainability by encouraging 
accounting for social enterprises, social and environmental audits, accounting for biofuels, climate change and 
corporate human right which increases sustainability awareness (Queensland University of Technology, 2017). 

 Mining Industry  

In the mining industry QUT has had numerous contributions in research. System optimisation for power station, 
which enables optimised productivity and efficiency while reducing greenhouse gas emissions.   

CRC ORE, which is the development of a range of tests in the mining fields to determine the probability and extent of 
acid rock drainage. It predicts the impact of acid metalliferous/mine drainage and mine leaching potential of waste 
rock and ore the local and surrounding environment that is critical for all mining operations (CRC ORE, 2017). 

I-mining 3 helps to develop and deliver transformational technology such as Geomole, which is the ability to see 
through rock mass that allows accurate identification of minerals and reduced excavation thus protecting the 
environment (Mining 3, 2017). 

 Energy and Emissions  

In energy and emissions, the research and international collaboration has looked at measurement of greenhouse 
gases by researcher Max De Antoni using automated chambers to determine the total flux of the three most 
powerful greenhouse gases generated in agriculture namely nitrous oxide, carbon dioxide and methane gas. 

Advances in bio-refining techniques to reduce waste, recycle, and repurpose material and increase profitability and 
productivity in the agriculture sector. Use of sugarcane cotton and forestry products as animal feed to produce value 
added fuels and chemicals which are environmentally friendly (Queensland University of Technology, 2017). 

Under the Cooperative Research Centres (CRC) housed under QUT, Excellerate Australia looks at vehicle 
electrification through the electrical vehicle design and development focussing on public transport to help shape a 
more sustainable future with further research in lithium air-battery improvements that creates a smaller long lasting 
and more powerful batteries while reducing manufacturing costs and improving safety. 

There is also energy management to improve energy efficiency, cost of energy storage, infrastructure technologies’, 
generation and performance with increasing sustainability and safety to enable a more energy efficient transport. 

The energy and process engineering consider new technology and energy sources to find long-term solutions to the 
worlds rapid growing energy needs by looking at alternative energy sources such as wind solar and biofuels 
(Queensland University of Technology, 2017). 

 Agriculture  

In the agricultural sector the greenhouse gas research program led by Professor Peter Grace considers efficient use 
of nitrogen fertilizer by farmers with a reduction on nitrogen pollution. He further looks at maintaining health 
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landscape and ecosystems around the world while reducing pressure on natural resources. This research will also 
focus on sustainability by increasing food production by 50% while reducing fertilizer application by year 2030. 

As developing countries are prone to malnutrition and diseases from effects of climate change the Centre of Tropical 
Crops and Bio-commodities acknowledges the importance  of banana as a one of the world’s most important food 
crop (Ghag & Ganapathi, 2017) and a good source of starch (Queensland University of Technology, 2017). This has 
led to the development of a banana enriched with pro-vitamin A that is a significant public health problem in more 
than half of the countries in the world (Ribeiro et al., 2015). This research goes further to prevent diseases in global 
banana plantation such as viral bunchy top and fusarium wilt tropical race 4 (TR4) which is a fungal disease through 
genetic modification (Ghag & Ganapathi, 2017). 

 Professor Sagaderan Mundree has developed a drought tolerant, disease resistant and more nutritious chickpea 
plant through genetic modification. The first field yields project a 20% increase in harvest index following pre-
treatment of seeds (Queensland University of Technology, 2017). 

 Education 

The Science and Engineering faculty is currently working on the natural edge project (TNEP) which is involved in 
collaboration research education, policy development and strategy for sustainable development. The project is 
based in various Australian cities with team members being mentored by researchers from several universities 
including QUT, Adelaide University, Griffith University and Curtin University (Queensland University of Technology, 
2017). It has identified and engrained several education materials and books by reviewing earlier work done such as 
the 1987 our common future which showed that economic prosperity cannot take place in the absence of 
environmental sustainability (Brundtland, World Commission on Environment and Development & Australia 
Commission for the future, 1990). It also looks at the Factor Five print which is a book to help us to understand and 
conceptualise how to transform the world economy through 80% improvement in resource productivity in building, 
heavy industry, agriculture and transport sector (von Weizsacker, Hargroves, Smith, Desha & Stasinopoulos, 2009). 

The intra- and inter-generational effective education and curriculum towards sustainability has been developed and 
incorporated as a guide for tertiary education institutions to impact knowledge which has been achieved  through 
TNEP (Desha & Hargroves, 2014).  

 Transport 

iMove CRC is a transport research project which is currently looking at improving performance of traffic, freight and 
public transport while developing a transport system that is faster connected, more reliable, less congested, more 
convenient and thus smarter and safer (iMove CRC, 2017). 

 Public Health  

Environmental changes research is among the largest research activities to be conducted by QUT to address 
environmental sustainability (Queensland University of Technology, 2017). The School of Public Health at Peking 
University, Institute of Child Health Research at Shanghai Jino Jong University and QUT undertook an 
epidemiological research program of ecosystem changes and population health for years identifying environmental 
pollutants e.g. air and water pollution and its direct effects on the population. It also looks at climate change, 
stratospheric ozone depletion, loss of biodiversity, resource depletion and land degradation (Queensland University 
of Technology, 2017). 

Professor Lidia Morawska leads the international laboratory for air quality and health, which is a World Health 
Organisation collaborating centre on air quality and health. It focuses on health impact assessments of climate 
change, UV radiation and Indoor air quality (Queensland University of Technology, 2017). 

 Climate Change 

Under the CRC spatial enabling new technology is integrated to navigation satellite systems globally and regionally 
which facilitates environmental monitoring, sea level rise maps and climate monitoring (CRC for Spatial Information, 
2017). 
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 Sustainable Manufacturing 

QUT also focuses on sustainable manufacturing by development of composite material technology with production 
of end-products that are strong durable environmental friendly and cost effective. It also goes a step further with 
involvement and improvement of manufacturing process that encourages less energy use and minimisation of raw 
material use creating sustainable solutions and innovation (Queensland University of Technology, 2017). 

Recommendation 

QUT has proven to be a world leader in teaching and research in matters of environmental management and 
sustainability. This has been well documented in practise from annual environmental management reports and from 
the school curriculum and research projects being conducted in Brisbane and in collaboration with other universities 
in Australia and all over the world. 

Footprints identified still pose a significant effect to the environment and sustainability with land and energy use 
showing minimal improvement in comparison to the environmental policy and research being done at the university 
level to impact positively on the environment. 

Handprints identified through teaching and research are meant to improve quality of life, ecosystem quality and 
provide sustainability awareness at global level; from Faculty of Business, Accounting, Science and Engineering, 
Environmental Health, with effects being seen across different sectors; from Education, Agriculture, Mining, Energy, 
Transport, Health, Manufacturing, Corporate Responsibility, Social Responsibility and Environmental Monitoring 
through satellite communications. 

With all aspects taken into consideration, QUT must strive to place more emphasis on translating research into 
practice to reduce its institutional footprint while increasing its handprint.  
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2.1.1: Overview of Australian household water consumption and pollution 

Author: Sid Sahi 

Introduction 

Water is a fundamental unit of life (EPA, 2017). Almost 97% of the world’s water resources are saline water and 3% 
fresh water (Adapa, Bhullar, & de Souza, 2016), only 1% of that water is considered as usable freshwater (Rozin, 
Haddad, Nemeroff, & Slovic, 2015). The global demand for water has increased in recent years (Willis et al., 2010). 
The population growth and global climate change has triggered excessive water consumption (Willis et al., 2010). 
While water scarcity has become a normal global phenomenon, Australia is no different as it is one of the driest 
regions and has been susceptible to serious drought conditions in recent years (Adapa, et al., 2016). The NHMRC 
Council, Australia predicted that 50% of the planet’s population will experience the water shortage by 2025 which is 
a major concern for countries like Middle East, North America and Australia, as they are the driest regions in the 
world (NHMRC, 2004). Australia is comprised of 0.3% of world’s population (ABS, 2010a), where the freshwater 
availability varies because of uneven rainfall, hence the continent relies on the ground and river water (Adapa et al., 
2016). The average annual rainfall in Australia is lower than the global average, yet Australians are the main per 
capita freshwater consumers (100,000L/person) of the world (Your Home, 2013a). Nearly 70% of Australian water is 
used for agricultural purposes, 19% is used in industry and 11% in households (Adapa et al., 2016). Almost 85% of 
the Australian population lives in urban areas because of which, household water consumption has increased to 
unacceptable levels (Mankad & Tapsuwan, 2011). 

The wastewater generated from households is contributing to water pollution as well. Domestic wastewater is the 
combination of greywater (wastewater from kitchen, basins, shower, laundry) and blackwater (water from toilets) 
(Department of Environment and Heritage Protection, 2016). The wastewater running through stormwater drains is 
contaminated with micro-organisms, garden fertilizers, impurities and other elements which are harmful to health 
(Maimon, Tal, Friedler, & Gross, 2010). However, water treatment actions are in place which purify the greywater 
and water extracted via rivers and lakes (Mankad & Tapsuwan, 2011). A large amount of the Australian population 
consumes drinkable water in activities like gardening, showers, car washing etc. (Riverina Water County Council, 
2016). This water can be conserved by residential households (Willis et al., 2010) therefore, effective management 
of water resources is essential for the government, by identification and understanding of patterns and household 
water consumption sources (ABS, 2013). 

This report will focus on the national household water footprints and pollution by explaining the key findings of the 
audits. Furthermore, it will draw a general global comparison of general and household water footprint among 
Australia and other countries. Moreover, it will highlight the positive and negative aspects of Australian built 
environment. The report will also make recommendations to enhance household water handprints. 

Overview of Household Water Supply and Footprint in Australia 

Australia is one of the driest continents in the world who can consume limited amount of freshwater (Your Home, 
2013a). The average annual rainfall in Australia of 470mm is well below the global average and varies regularly as 
shown in Fig. 3, therefore Australians rely on water extracted from the environment (Your Home, 2013a).  

 

Figure 3: Tankworks, 2016 
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In 2015, water supply industry extracted 76,140 (GL) of water from the environment to support the economy, 
12,115 GL was supplied to the industry and households as shown in Fig 4. 58,105 GL was extracted by Electricity and 
Gas industry (ABS, 2016a). The households consumed 1,852 GL of the available 17,375 GL (ABS, 2016a). 

 

Figure 4: ABS, 2016a 

The average household water consumption varies throughout the country. The average per person water 
consumption ranges from 100L to 800L (Rivernia Water City Council, 2016). The current average water use is 
340L/person or 900L/household (Riverina Water City Council, 2016).  Table 4 shows the amount of average water 
being used in household activities. 

Table 4: Rivernia Water City Council (2016) 

 

The quality of the water in Australia is pure, the main sources for the water are surface water via rivers, ground 
water and dams (Careghini, Saponaro, & Sezenna, 2012). The water treatment plans have been placed throughout 
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the country and the purity of water is taken for granted because a large amount of Australian population uses 
drinkable water in gardens, showers, washing etc. (Adapa, et al., 2016). Furthermore, large amount of population 
(85%) living in the urban areas has increased the water consumption beyond acceptable levels as it often outweighs 
the water supply levels (Mankad & Tapsuwan, 2011). 

Household wastewater Pollution in Australia 

Many human actions that include the use of water, produces wastewater (Government of Western Australia, 2010). 
With the growing demand of water, the wastewater pollution is increasing worldwide (UNESCO, 2017). In terms of 
household wastewater, there are two types of wastewater 1) Greywater, which is the wastewater from taps, basins 
and showers, 2) Blackwater, the wastewater from toilets (Department of Environment and Heritage Protection, 
2016). Moreover, the households can contribute to water pollution by generating waste from garden fertilizers and 
roofs and draining it into stormwater (Department of Environment and Heritage Protection, 2016). The average 
wastewater generated from Australian households in given in table 5. 

Table 5: Your Home (2013b) 

 

The greywater produced by households, contain microorganisms, chemicals, heavy metals and dust particles which 
has potential to cause diseases (Your Home, 2013b). Blackwater is directly contaminated with human excrement and 
pose a health risk (Your Home, 2013b). However, the blackwater in Australia is managed by high-level treatment 
prior to its release into the environment (Government of NSW, 2000). In Australia, the wastewater is treated 
properly and to save potable water supplies, the Government authorities encourage people to reuse greywater for 
irrigation around homes (Pinto & Maheshwari, 2010). By reusing grey water, water bills are reduced, less water 
resources are used, pollution is decreased, and less money is spent on infrastructure for water supplies and 
treatment (Your Home, 2013b). Fortunately, the reuse of greywater is increasing in country (ABS, 2010b). Moreover, 
the wastewater management can generate economic, social and environmental benefits, which are essential for 
sustainable development (UNESCO, 2017). 

National household water consumption audit and survey findings 

According to the Australian state of the environment findings of 2011-16 audits (Appendix N), the consumption of 
water and energy resources have been very high which is increasing the pressure on the built environment 
(Commonwealth of Australia, 2017a). However, the quality of the water has been good and meeting the specific 
requirements (Commonwealth of Australia, 2017a).  

Overall consumption of water has been stable since the drought period (1% decrease since 2010-11). Although since 
2011 to 2016 the water footprints for industry and households have been moving in opposite directions as in 2014-
15 the Australian household consumption was 1852 GL which is 9% more than 2010-11 as shown in table 6 
(Commonwealth of Australia, 2017b).   
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Table 6: Commonwealth of Australia (2017b) 

               

The household water consumption among each state varies, based on the population as shown in table 7 and 8. 

Table 7: State population in millions (ABS, 2016b) 

 

In 2014-15, the New South Wales had the greatest water footprint (Commonwealth of Australia 2017b). Mostly, 
there was an increase in the water consumption of many states and territories except Tasmania, as there was 46% 
decrease in household water consumption as shown in table 8 (Commonwealth of Australia, 2017b). 

Table 8: Commonwealth of Australia (2017b) 

 

The increase in the population is creating further water stress in Australia (ABS, 2010b). It is predicted that the 
population of Australia could grow 25 to 33 million by 2050 and the number of households could increase from 8 to 
12million by 2036 as shown in fig 5 and table 9, which will put more pressure on water resources (ABS, 2010b). 
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Furthermore, a regular decrease in the water footprint would be needed for a sustained improvement in future 
(ABS, 2010c). 

 

 

                                                                      Figure 5: ABS (2010b) 

Table 9: ABS (2016b) 

 

Since 1800s, Australia has been building dams, the current capacity of a large dam is 83,853GL, which has been 
increased over time as shown in fig 6 (ABS, 2010b). Australia has almost 500 dams and has the highest per capita 
water storage capacity in the world (>4 million L/person) (ABS, 2010b). However, there has been a continuous 
decrease (from 2001-06) in the storage levels due to drought and regular extraction (Commonwealth of Australia, 
2017b). The current water resources of freshwater are expected to decrease with rainfall variations and climate 
change (ABS, 2010b). Moreover, the way water is used in Australia, it contributes to the ecological issues (ABS, 
2010a). In addition, the overall water footprint in Australia has put a negative effect on the health of rivers (ABS, 
2010b). The development in the water resources like dams and weirs, have decreased the availability and declined 
river health (ABS, 2010b). 

 

                                                          Figure 6: ABS (2010b) 
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Nonetheless, in 2014, five billion dollars were spent on water by Australia households, which is an average of 
$3.08/1000L (ABS, 2015). Although the overall consumption decreased but the household water expenditure 
increased 12 percent, $584/household (ABS, 2015). If water is conserved even in the areas without shortage of 
water, the need of building dams and extracting river water will be reduced, not to mention Australians will pay less 
for water (Your Home, 2013a). 

Global Comparison of water consumption among Australia and other countries 

The water consumption of a country is one of the aspects of ecological footprint (Tiffen & Gittins, 2004). The United 
Nations has warned that the growth of global water footprint is twice than the population (UNESCO, 2017). Every 
nation’s water footprint depends on the production and consumption as shown in fig 7 (Water footprint network, 
n.d). The production is calculated by the number of goods and services used the water resources within the country 
and consumption is goods and services being consumed by a nation (Water footprint network, n.d). 

 

Figure 7: Water footprint network (n.d) 

The semi-arid interior of Australia suggest that it is one of the driest continents in the world with limited water 
available (Tiffen & Gittins, 2004). According to a survey in 1999 (table 10), Australia surprisingly ranked 4

th
 on global 

water footprint, with 70% of its water consumption was in agriculture and 270L/day consumption per household 
(Tiffen & Gittins, 2004). Half of 270L/day water was consumed in toilets and gardens which is still the same (Tiffen & 
Gittins, 2004). 

Table 10: 1999 water consumption cubic meter/person/year (Tiffins & Gittins, 2004) 
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There are great differences in the water footprint of nations. In USA, the average water used by per/person is 2,842 
cubic meters, which is 7786/L (Water footprint network, n.d) and China with water footprint of 1071 cubic meter 
(Water footprint network, n.d). Nevertheless, in terms of household water consumption, 48% of global water 
consumption for household purposes is used in India, USA and China (Ivanova et al., 2016). The lowest household 
water footprint is in Indonesia and largest in Luxembourg as shown in fig 8 (Ivanova et al., 2016). However, the 
interesting fact is that Australia has the lowest population among these countries and, yet it is one of the biggest 
consumer of water (Ivanova et al., 2016).  Most of Australian population lives in urban areas where the population 
growth is largest (Your Home, 2013). The growth of population and economy has driven the increased water 
consumption (Commonwealth of Australia, 2017a). Nevertheless, for the built environment, the water consumption 
is not the same as population or economic growth in some sector (Commonwealth of Australia, 2017a). Though, 
current trends in Australia suggest that many regions will have to look for water alternatives unless water 
conservation is improved (Commonwealth of Australia, 2017a). On global level, there is abundance of water 
virtually, by 2050 two-third of the world’s population may live with limited water access because it is expected that 
global population may reach to 11 billion (Statista, 2017). As the population growth and climate change are already 
global issues, water stress is increasing to undesirable levels as well, shown in fig 9 and 10 (WRI, 2014). To lower the 
water stress there is need of more efficient water usage (Statista, 2017).  

 

Figure 8: Ivanova et al (2016) 

 

Figure 9: World Water Stress Map (World Resources Institute, 2014) 
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Figure 10: Australia water stress map (World Resources Institute, 2014) 

Recommendations to reduce national households water footprints and enhance water handprints 

There are significant measures that need to be encompassed to improve domestic water efficiency.            

Actively Managing Demand:  To achieve efficiency and reduce water consumption in households and gardens, 
water efficient appliances can decrease water usage in dwellings. Moreover, reduction in hosing driveways and long 
showers can decrease water consumption (Planning Institute of Australia, 2017). 

Water Use Avoidance: Use of dry composting toilets, insulation, water free gardens and natural ventilation can be 
done to avoid water use (Planning Institute of Australia, 2017). 

Reduced Water Use: Instalment of water efficient devices, adoption of water conservation management practices to 
gain education by residents and council staffs about water conservation can help reduce water use (EPA, 2017). 

Stormwater Use: Stormwater carries soil, litter, garden fertilisers and oils which can pollute the waterways. 
However, its reuse can increase the water consumption efficiency, save potable water and decrease the 
downstream pollution (Your Home, 2013a). The impacts of stormwater can be managed during the construction of 
the house via effective water landscape designs (Your Home, 2013a). 

Rainwater Use: The rainwater use can reduce water bills, during water restrictions, it can provide water supply and 
maintain gardens. The rainwater can also be suitable for other household purposes. However, the various uses 
(toilet, showers etc.) require certain levels of treatment (Your Home, 2013a). 

Wastewater Reuse: Currently in Australia, potable(drinkable) water is being used for every household activity. 
Australians are literally flushing the drinkable water in the toilets. Greywater can be used for gardens as there are 
low sodium and phosphorus detergents in it. Furthermore, treated greywater can be used in toilet flushing and 
laundry which are significant water consumers. Wastewater reuse depends on the wastewater treatment systems, it 
has both advantages and disadvantages which vary (Your Home, 2013a).  

Reduced Outdoor Water Use: Almost 40% of Australian household water consumption is outdoor water use. The 
water conservation techniques can help save money, time, money and benefit the environment. Efficient garden 
design, use of water-saving garden materials and plants adapted to temperature can reduce water consumption 
(Your Home, 2013a). 

Innovations: Continues investment in demand-side options (leakage decrease, incentives given to water efficient 
household consumers and educational programs) compared to supply side options (developing surface and 
groundwater sources, desalination and reusing the stormwater) (ABS, 2010b) 
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Improving Regulatory Measures: Using statutory mechanism for managing, enhancing and protecting the 
waterways, including legislations, environmental policies, codes of practices, guidelines and identifying the 
protection regions (Planning Institute of Australia, 2017). 

Reducing Wastewater Pollution: Ensuring the greywater and blackwater is treated properly, recycled and then 
reused. Moreover, no degradation of catchments, groundwater or rivers is caused by the water released in the 
environment (Planning Institute of Australia, 2017).  

Monitoring and Evaluation: On national level, it must be ensured that best practice principles are implemented, 
produced and maintained. These are regularly monitored, evaluated and reported for the progress of water 
conservation and resource management (Planning Institute of Australia, 2017).  

Household water audits: Every household can self-audit their water consumption by using the tool in Appendix O. 

Conclusion 

Water is the most essential unit of life. Yet only 1% of earth’s water is considered as accessible freshwater. The 
population growth and climate change has increased the water stress throughout the world.  It is expected by 2050 
the two-third of world’s population will have limited access to the water. Australia is one of the driest continents in 
the world with limited freshwater availability. The average rainfall in Australia is well below the global average. Yet 
Australia is one of the greatest water consumers in the world. 70% of Australian water is used in agriculture and 11% 
in household activities. Australian households use drinkable water even in showers, toilets and gardens. Since water 
is becoming greatly scarce, the amount of water consumption by Australian households need to be reduced and 
sustainable. Furthermore, a decline is expected in the freshwater resources with reduced rainfall patterns and global 
climate change. In addition to decreased supply, water consumption contributes towards the ecological issues. 
Water conservation can help reduce the need of building dams, enhance the river health and reduce water 
pollution. It is time for Australian Government to create water handprints by managing freshwater efficiently and 
population to use water efficiently. As The NHMRC Council, Australia predicted, 50% of the planet’s population will 
experience water shortage by 2025 which is a major concern for countries like Middle East, North America and 
Australia, as they are the driest regions in the world. 
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2.2.1: Water for sanitation and hygiene activities  

Introduction 

Water plays a significant role in the existence of humans as well as other components of the ecosystem. This 
precious gift of nature is currently under pressure. The pressure on water arises from its consumptive use and 
pollution of its sources through human activities (Hoekstra & Mekonnen, 2012).  The water footprint is an indicator 
of the total volume of water utilized in the production of goods and/ or services consumed by an individual, a 
community, or an organization (Water Footprint Network, n.d). Over the years, efforts have been made to reduce 
the stress on water and shrink the footprint. These efforts collectively represent the handprint (Biemer, Dixon & 
Blackburn, 2013).    

Water utilization for sanitation and hygiene activities represents a significant component of the water footprint. 
Sanitation refers to “the provision of facilities and services for the safe disposal of human urine and faeces, and the 
maintenance of hygienic conditions through services such as garbage collection and wastewater disposal” (WHO, 
2017). In QUT Kelvin Grove campus, as in other communities, water is used for sanitation and hygiene activities. As a 
university committed to environmental sustainability (QUT, 2017), it is important that its contribution to water 
footprint in this regard is delineated, and its role in water handprint recognised and improved upon.  

Literature review 

Water is utilized for sanitation and hygiene purposes in toilet flushing, hand washing, urinals and showering. 

 Toilet Flushing 

Toilet flushing is the single largest consumption of water for sanitation in the community (Homewaterworks, n.d).  
For instance, a flush in the older toilet is about 13.6 Litres. With the average individual flushing 5-6 times, about 71.2 
Litres is used per person per day (Homewaterworks, n.d). 

Water savings in toilet use had been achieved through several means. These range from habit changes, engineering 
control to prompt replacement of damaged systems. Habit changes involve avoiding the use of the toilet for 
disposing other waste apart from faeces and urine. Additionally, regular checks to ensure that water level after 
refilling is always at or below the water line indicator on the tank and that water does not run for an unusual length 
of time after flushing are important habit changes (Homewaterworks, n.d). 

Engineering control had been achieved with the development of the ultra-low-flow (ULF) toilets and the High-
Efficiency Toilets (HEF). An average flush in the ULF is 6 litres in volume, with a daily use of about 34.4 litres per 
person per day, while an average flush in the HETs utilizes 5 litres per flush, with an average of 28.7 litres per person 
per day (Homewaterworks, n.d). This is a wide contrast with the old system. To provide further regulation of water 
use in the water efficient toilets, they are also fitted with the dual control mechanism. The dual control includes the 
full-flush and half-flush modes. The low-volume flush option is utilised appropriately to conserve water 
(Homewaterworks, n.d). 

For the single flush toilet, the volume of water can also be adjusted by a plumber. If a mechanical adjustment 
mechanism is not available, a water displacement device or a water-filled plastic bottle can be carefully inserted into 
the cistern (Australian Government, 2013). The most efficient means of preserving water in toilet use is the 
waterless toilet. As the name implies, it does not require water. They are available in a broad range of options and 
provide excellent compost while operating without odour (Australian Government, 2013). 

In the Kelvin Grove campus of QUT, all the toilets inspected were dual control. Those with labels were identified as 
High-Efficiency toilets, with 4.5 litres per full flush and 3 litres per half-flush (Fig. 11 & 12). This is a significant 
handprint. 
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Figure 11: High-Efficiency toilet in KG QUT               Figure 12: WELS label on a toilet cistern in KG QUT 

 The Urinals 

Use of water in urinals is a major means of water utilization in communities such as the QUT KG. About 4-12 litres of 
water is used in a single flush of urinals in a typical lavatory (Buildings, 2017). Therefore, staying on campus 5 days 
per week and using the facility about 3 times per day, each student would flush the urinals about 195 times per 
semester on the average. This would amount to about 780-2340 litres per student per semester (Buildings, 2017). 

Efforts made to reduce water footprint in the urinals include the installation of high-efficiency urinals. These urinals 
use a maximum of 2 litres per flush and can conserve about 2 to 6 litres of water per flush. They are recommended 
by the Water Efficiency Labelling and Standards (WELS) scheme and recognised by the WELS label (Australian 
Government, 2016). The flushing mechanism of the urinals operates through several ways (hybridH20, 2017). The 
manually operated ones require users to press a button after each use. The time flush urinals operate automatically 
at regular intervals. This is however, wasteful of water as it operates even without being used. There are also the 
door-regulated urinals. These are also wasteful of water as the flushing mechanism is activated any time the door is 
opened. The automatic sensor-operated flush detects human movement in front of the urinal with infrared rays and 
activates the flush mechanism. Its drawback is the unnecessary release of water when a person stands in front of it 
without urinating. A urinal with conductivity sensor is being invented to overcome this uncommon pitfall (Shanghai 
Kohler Electronics, 2013). 

Furthermore, water conservation in the disposal of urine could be achieved using waterless urinals. As in the 
waterless toilets, they require no water for flushing and ensures total saving of water used in the conventional 
urinals.  The liquid waste collector is directly connected to the sewer system.  It uses a biodegradable blocking fluid 
which provides a perfect seal that blocks any urine odours (Sums Group, 2017). 

In QUT KG, both the single-user and multiple-user (trough design) urinals are of automatic flush. Additionally, they 
are such that the flushing system is not operated until the user moves away from sensor range. This preserves water 
when compared to a similar device that triggers continuous water flow the whole period of user's presence.  

  

Figure 13: Single-user urinals in KG QUT         Figure 14: Multiple-user urinal in KG QUT                
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           Figure 15: A urinal’s infrared sensor in KG QUT 

 Handwashing 

Handwashing consumes a lesser quantity of water when compared to the toilets and urinals. However, when done 
repeatedly by each person in a community it can result in significant water consumption (Richetin, Perugini, 
Mondini, & Hurling, 2014; 2016). A single act of handwashing such as scrubbing in an uninterrupted flow of water 
can consume up to 15.5 litres of water on the average (Petterwood & Shridhar, 2009).  

An important step taken to reduce water consumption in hand washing is the on-and-off technique of operating 
taps during the activity. This is done by simply turning taps off when not in use during the process of handwashing 
such as when rubbing hands with soap. This could be achieved using an elbow on taps or sensor-operated taps. A 
study done in Gold Coast Hospital shows that this measure can save up to 11litres of water in each surgical scrub 
(Petterwood & Shridhar, 2009). Another major way of conserving water in handwashing is the use of alcohol hand 
disinfectant. In addition to preserving water, this has been shown to be superior to handwashing in protecting 
against infectious diseases (Voss & Widmer, 1997).  

A technologically advanced piece devised for water saving in handwashing is the automated handwashing machine.  
It is a touchless system and carries out a fully-automated 12-second wash. A single wash cycle involves sanitization 
with a solution of chlorhexidine gluconate and rinsing with 40 high-pressure water jets. The machine saves up to 
75% of water used in manual handwashing. In addition to conserving water, it has also been shown to encourage 
handwashing behaviour due to a lesser time of operation when compared to the traditional handwashing (Infection 
Control Today, 2008). 

In QUT KG, there are handwashing taps which are operated with the elbow (Fig 16), and as a result, water could be 
saved during the soap-rubbing phase of the process. However, observation showed that some members of the 
community operate these taps with hands and allow continuous water flow throughout the period of the action. 
This could be attributed to lack of awareness on the appropriate use of the device. Nonetheless, there are also taps 
in the campus that need to be manually turned by users (Fig 17), and as such does not provide the chance of saving 

water during hand washing. 

 

Figure 16: Elbow-operated hand washing tap in    Figure 17: Hand operated handwashing taps in KG QUT                                                                   
KG QUT 

 Showering 

Showering is a major contributor to water consumption in the community. It has been identified as the third largest 
contributor to household water consumption after toilets and laundry (Homewater Works, 2017). An inefficient 
shower utilises 15-25 litres of water per minute (Australian Government, 2017). Therefore, with an average shower 
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duration of 8.2minutes (HomeWater Works, 2017), 123-205 litres of water is consumed per person per shower. 
Assuming each person showers daily using this type of shower, annual water consumption for shower could be up to 
75000 litres per person. 

One of the easiest and cost-effective means of water saving is the shower. Installing a water efficient shower, say 
with a WELS rating of 3-Star, can reduce water consumption to 6-7 litres per minute while still providing a high-
quality shower. In addition to decreasing the volume of water use and the amount of wastewater discharge into the 
environment, there is an added advantage of reducing carbon dioxide emissions from hot water use (Australian 
Government, 2013). 

In QUT KG, none of the buildings inspected had any shower installed in them.  

 

 

Figure 18: A shower in use (Australian Government, 2013) 

The legal framework for water handprint on sanitation and hygiene activities in Australia 

A remarkable handprint for water consumption in sanitation made by the Australian Government is the creation of 
the Water Efficiency Labelling and Standards (WELS) Act 2005. The objects of the act include “to conserve water 
supplies by reducing water consumption; to provide information for purchasers of water-use and water-saving 
products; and to promote the adoption of efficient and effective water-use and water-saving technologies” (s.3a-c of 
the WELS Act). 

The WELS Act 2005 empowers the establishment of the national water efficiency labelling and standards (WELS) 
scheme. The scheme develops standards and provides information to consumers on water efficiency of products. It 
requires that certain products marketed in Australia be registered, rated and labelled for their water efficiency in 
line with AS/NZS 6400:2005. The products include toilets, showers, urinals, taps, dishwashers, flow controllers and 
washing machines. It is a legal requirement for a WELS label to be displayed on these products (Australian 
Government, 2016). 

The blue star water rating label (Fig. 19) depicts the water efficiency of any WELS device bearing it. The basic 
information on the label include: 

 The WELS star rating — the number of stars indicate water efficiency. 
 The volume of water consumption or flow rate figures. 

(Australian Government, 2016). 

A further step taken by the Australian government to widen the water handprint is the provision of free offers, 
rebates or subsidies for water saving or water efficient products. This depends on the product, location and 
eligibility for the offer (Bushmans Group, 2016). 



Page | 48 
 

  

Figure 19: A WELS 4-star rating label indicating water efficiency (Australian Government, 2013) 

The audit tool of water use for sanitation and hygiene activities in the QUT KG campus  

The modified audit tool proposed for auditing water utilization for sanitation and hygiene activities in QUT KG is in 
Appendix Q (Water Cooperation, 2015). The tool is applicable in each block of the campus and incorporates every 
means of water use in sanitation taking cognizance of footprint and hand print indicators. 

The equipment required in using the tool include pen, paper, camera, and school register. The potential risks 
associated with obtaining information while applying the tool include exposure to infection arising from human 
waste and fomites, exposure to odour from poorly disposed urine and faeces, and slips and falls from a slippery 
floor. To protect against the above risks, certain personal protective equipment such as face masks, disposable hand 
gloves, protective clothing, helmet and boot is required. 

The limitations in applying the tool include the need to interview certain number of students to obtain the average 
duration of use of the appliances; the absence of labels on some appliances making it difficult to obtain the WELS 
rating, flow rate, and volume of water per use; difficulty in obtaining the population of staff and students on 
campus; and the inability to capture diverse individual habits in using the appliances.  

Recommendations 

Although laudable steps are already being taken to minimise the water footprint and maximize its handprint in QUT 
KG, more still needs to be done to maintain the position of the prestigious institution as a vanguard of 
environmental sustainability. The following strategies are therefore recommended: 

 In keeping with the requirement of the WELS scheme, efforts should be made to ensure that all water 
facilities for sanitation and hygiene purposes have the WELS labels conspicuously displayed on them. This 
will add to the awareness to save water as well as enable smooth auditing of the systems. 

 The feasibility of installing the waterless toilet system and urinals should be considered. This will eliminate 
water consumption in the disposal of urine and faeces and make a huge contribution to water handprint.  

 To decrease water consumption during handwashing, handwashing taps in the campus which are manually 
operated should be replaced with sensor-operated ones. 

 The use of the automated handwashing machine should be exploited. This will save up to 75% of water 
currently used for handwashing (Infection Control Today, 2008). 

 Keep in view the installation of urinals with conductivity sensor in all the rest rooms when available. 
 To stimulate positive habit changes for water handprint, members of QUT KG community should be made 

aware of the concept of water footprint and to take personal responsibility in preserving water. This could 
be via posters and signage’s displayed in strategic places such as the restrooms. Additionally, the QUT 
Blackboard is a convenient tool in disseminating the message to all students and staff of the institution. 

 The proposed audit tool should be adopted and regularly used to monitor progress and determine areas 
requiring improvement in the systems for water use for sanitation and hygiene activities.  

Conclusion 

The enlarging water footprint of humanity poses a great threat to human health and the entire ecosystem. Thus, 
there is an urgent need to shrink the footprint. There are human activities that increase the footprint as well as 
human activities that decrease it- the handprint. In QUT KG campus, as in other communities, sanitation and hygiene 
activities constitute a significant portion of the footprint. The QUT, as a citadel of learning, does not only birth 
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innovative ideas in protecting the environment but also plays an exemplary role in implementing the ideas. Water 
utilization for sanitation and hygiene activities has been one of the ways the institution has demonstrated its 
commitment to a sustainable environment with appropriate handprints. Nevertheless, there are opportunities for 
improvement in this regard. Adopting the above recommendations will reduce the cost of water bills, make a huge 
impact in decreasing water footprint and strengthen the organization's stand for a better future environment.  
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2.2.2: Water for recreation and landscaping  

Author: Muhammad Hammad Sherwani 

Introduction 

One of the issue that world facing nowadays is continued supply of fresh water (source of all life) (Poulton, 1998). 
The problem of lack of fresh water supply is common worldwide and specially in Australia. Furthermore, water 
shortage and lack of good quality water is an issue in many areas of the world with increase in population and 
shortage of water supply in urban areas. Finding alternatives such as using reclaimed water for irrigating crops and 
landscaping is an option to save fresh water for other purposes (Niu & Cabrera, 2010). However, the availability of 
reclaimed water (Municipally treated water) demands increases as with increase in urbanisation. Therefore, much 
concerned has been raised in encouraging the use of reclaimed water for landscape irrigation, as this demand of 
reclaimed water increases much in summer. Significant level of recycled water was used in past years for the 
purpose of irrigating crops and landscapes such as golf course and parks and landscaping (Syme, Shao, Po, & 
Campbell, 2004). 

The purpose of this report is to find out the ways in which water resources such as rainwater, stormwater and water 
from household are conserved and utilised for landscaping and agriculture. For this purpose, QUT KG campus was 
assessed using assessment tools. 

Literature Review 

Water catchment for irrigation 

Water storage in urban areas is an area of concern and has potential importance to urban utilities. However, 
significant amount of water is used in gardens for example in Western Australia, about 56% of total domestic water 
is used by the people outside their home (e.g. on lawns, gardens and/or swimming pool) (Syme et al., 2004). 
Furthermore, rain water is a vital resource that provides a renewable supply of water, which can be used in multiple 
ways such as drinking, washing and gardening (Liaw & Tsai, 2004). Australia is at risk of serious water shortage 
because of the greenhouse effect and this idea of landscaping plays a key role for restricting the people with 
unsustainable use of water (Raxworthy, 2010). However, landscaping accounts for total of 9% water usage state-
wide in California. Landscape provide multiple benefits to improve the quality of life and make urban lives more 
liveable. These benefits include: supply of oxygen, carbon confiscation to aid in reducing global warming, rain 
capture, dust and erosion control, providing shade and energy savings, wildlife habitat, food, beauty and ornament, 
recreation, impacting the property value, psychological well- being, cultural and historic value (Hall & Dickson, 
2011). 

One of the effective and efficient way of using water for landscaping is xeriscape landscaping. Xeriscape landscaping 
is a term that defines the quality of landscaping that conserves water and protects the environment. Xeriscape 
landscaping is based on seven principles which are as follows: Proper planning and design, soil analysis and 
improvement, appropriate plant selections, practical turf areas, efficient irrigation, use of mulches and appropriate 
maintenance. Proper landscaping not only provide the aesthetic look for the environment, but it could also assist to 
effectively consume and save water. Furthermore, handprints associated in water efficient landscaping are 
economic and environmental benefits such as; low water bills because of less water used, reduced runoff of 
stormwater and irrigation water, prolonged life for water resource infrastructure (reservoirs, treatment plans and 
etc), thus reducing tax payer cost and minimizing the landscaping labour cost (Ellefson, Stephens, & Welsh, 1992). 

Considering Australia is one of the driest nation of the world, and yet the consumption of fresh water per capita is 
highest amongst the world. Home and garden accounts for the 12% of Australian’s water use and therefore, there is 
a need to improve in the home and garden and reducing the fresh water use (Ellefson et al., 1992). Furthermore, 
rainwater found to be a significant portion of the water used to fulfil the need of irrigation and landscaping. A typical 
strategy is to preserve rainwater through proper collection systems and the reserved water later be used in 
gardening and another household use. Collection of rain water are mostly from the roof tops and quality is also 
dependent upon the type of equipment used. This could be a more cost effective alternative for agriculture and 
landscaping in comparison to the reuse of municipal wastewater and drainage water (Lazarova & Bahri, 2004). 

Previously wastewater from sewage or domestic use has been disposed of however today, wastewater treatment 
gains much importance for reuse in activities such as gardening. There are two major types of wastewater produced; 
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greywater and blackwater. The wastewater from non-toilet sites are termed as grey water, whereas latter is a 
mixture with waste from toilets (Fane, Reardon & Milne, 2013). Greywater is ideal for use in garden watering with 
adequate precaution such as using low or no phosphorus and sodium products and applying water below the 
surface and if well treated can also be used for clothes washing and toilet flushing (Fane, Reardon & Milne, 2013). 
Blackwater on the other hand requires chemical or biological treatment and disinfection before reuse and can only 
be use outdoors for subsurface irrigation (Fane, Reardon & Milne, 2013). 

Stormwater is water draining off a site from the rain and it carries everything with it while falling on the roof or 
other objects (Woodcock, Shackel & Retamal 2013). The difference exist between rainwater and stormwater in that 
rainwater is collected from the roof. However, the handprints involved in using stormwater is saving of potable 
water and mitigating downstream environmental impacts (Woodcock, Shackel & Retamal 2013). In urban areas, 
stormwater is generated from rain runoff from roofs, roads, driveways and other uneven and rough surfaces 
(Woodcock, Shackel & Retamal 2013). Effective collection and management of storm water by the municipal will 
facilitate its reuse for household activities such as landscaping and watering garden thus replacing the need to use 
high quality water for such activities. The current and effective way of managing stormwater collection is through 
water sensitive urban design (WSUD). The ultimate object of this design is to reduce the use of rough surfaces and 
allow less water to runoff into the stormwater system. It functions by slowing stormwater run-off allowing “natural 
filtration, on-site detention and infiltration” (Woodcock, Shackel & Retamal 2013). This design provides opportunity 
for the stormwater to be collected, supplied and reused by households for activities like landscaping rather than 
discharge into waterways. 

Lawns accounts for about 90% of water and energy in the gardens. Therefore, reducing the lawn is an effective way 
of saving the water. Porous paving and pebble can be used to replace lawn. Mulching is also one of the technique 
used in water efficient garden. Mulching saves the water by preventing the loss of water during evaporation and 
runoff. 

There are certain principles through which we can significantly reduce landscape water use (Hodel & Pittenger, 
2015): 

 By improving or modifying system performance: Try to fix any leaks, replacing the spray heads and 
controlling the other way of emitting. Make spray heads even to avoid any over spraying and align the spray 
head for overlapping. Also replacing an irrigation controller. 

 Improve or modify irrigation schedules and water management practices: Identify how much water is 
needed and applied by your irrigation system during a typical cycle. Run irrigation usually at around 
midnight and 6:00am. Adjust run time of irrigation at least monthly. Most of the non-turf plant will perform 
well, if irrigation system is reduced to 10-30%. 

 Adjust practices for plant care:  Raise the mower height of lawn to 3 - 1 inch depending on the type of grass. 
Avoid pruning shrubs and trees. Apply and maintain organic mulch around planting up 2-3 inches. 

However, if additional water conservation is still required after following these, then reduce the amount of lawn. 
Public and private landscape is essential and therefore, their irrigation is important for the beneficial use of water. 
However, some state and local government, considered landscaping as an unnecessary use of water and other 
resources. 

Audit Tool 

Audit tool as seen in appendix R, will look at the conservation of water and will consider the current practice. 
However, there is some limitation in applying this audit tool, as the contents mentioned in each heading will have to 
be answered directly by the wastewater management facility. However, this tool is effective in proper designing of 
landscape and for maintenance of landscape for retention and proper use of wastewater. 

Recommendation 

 Source: Brisbane city council (n.d).  

 Install rainwater storage tanks and grey water system 
 Use soil moisture sensors that enables cut-off switches in the event of rain and adjust watering duration 

according to level of soil moistures. 
 Another method is drip irrigation method, and it is the most efficient method and it transfers the water to 

the roots of the plants. 
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 If irrigation is required, then storage and irrigation system is to be used for supplying the collected 
stormwater to garden beds and turfed areas. 

 Qualified individual from irrigation Association of Australia should design irrigation system. 
 The quantity of water which can harvested from roofs, driveways, car parks and other uneven surfaces 

must be calculated by using formula like;  

Potential stormwater harvest volume = median rainfall value x harvest area (in m
2
) x run-off coefficient 

Here, the harvest area means (roof top, driveways and carpark areas measured in m
2
), and median rainfall 

can be taken from bureau of meteorology. 

 Water collected from roof tops should be stored in an above ground rain water tank or below ground 
cistern. However due to public health issues, water which is harvested from driveways and car parks should 
be supplied directly toward the turf and garden areas and are not recommended for later use unless a 
treatment system is installed. 

 Irrigation design should comply with the council’s watering regulations, devices and techniques that aids in 
the efficient use of water such as: automatic water controlling devices, rain delay programs, automatic 
shutdown devices for moisture and rain sensors, low-volume delivery of irrigation by using bubblers or 
micro jets, devices for pressure regulation and high efficient nozzles. If field capacity of water reaches to 40-
45%, then must have deficit water providing programs to achieve 80% stationary sprinkles system to reach 
to the end of each site’s hydro zone.  

 For proper landscape maintenance, regular dressing from the top and ventilation to turfed areas, regular 
mulching, removal and suppression of weeds, regular maintenance of plants (including the removal of 
diseased or damaged plants and pruning for maintaining the size). Where irrigation system is required, 
landscape maintenance plans include; identifying leak and blockage checks in irrigation lines, 
reprogramming of irrigation controller, checking of moisture sensors, maintain tanks and cistern and 
checking water pumps. 

Landscape Protection Plan for QUT 

Retrieved from QUT Designs, Standards and Guidelines.  

In the early stages of planning of any project (like new building, extension of building or any new services) that will 
potentially affect or hamper landscape, the responsible person like contractor or consultant in conjunction with 
ground supervisor or consulting arborist will address the issues. By addressing those and it is clear that project will 
potentially affect the existing landscape then guidelines will be considered. Furthermore, if the project is large and 
ongoing, then contractor or consultant will develop a landscape protection plan (LPP). The LPP will include 
information such as site features, site access, contractor vehicle parking, storage of materials, skipping of rubbish 
and landscape reinstatement that will be approved by ground supervisor or consulting arborist before the 
commencement of any work on the site. Small projects may still require a LPP, but this could be developed in 
discussion with contractor or consultant and ground supervisor. Moreover, photographs will be taken before and 
during for settling any damage compensation and financial disputes. Lastly, whether ground supervisor set out any 
other requirement or not, consultant or contractor must follow the procedure set out in individual tree protection 
policy.  

Conclusion 

As with increase in urbanization, the scarcity of fresh water would be likely to occur in near future. To combat this 
situation, sensible water use and landscaping with recycled water (wastewater, rainwater and stormwater) could 
relieve the pressure on fresh water supply. Landscaping could also achieve retention of rainwater and stormwater 
from household, which further reduces the use of municipally supplied water for irrigation and other purpose. 
Methods like WSUD, several research works are carried out in QUT and rainwater storage tanks can be seen in QUT. 
However, this speculation could be biased, as more in-depth identification of all the headings mentioned in the audit 
tool were not done in the premises due to certain legal restrictions. 
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2.2.3: Water for building sites and outdoor cleaning 

Introduction 

Fresh water is a precious resource, but supply is limited and not evenly distributed around the world. According to 
Mekonnen and Hoekstra (2016), approximately 4 billion people experience severe water scarcity at least one month 
per year and an estimate 500,000 live with constant water scarcity. Australia is the driest inhabited continent on the 
planet and already experiences significant water stress (Steffen, 2015; World Resources Institute, n.d ). Over the last 
100 years, demand for water is intensifying as population has increased tremendously and consumption of water 
increased by six-fold, but the total water supply has remained unchanged (The University of Queensland, 2017). 
Furthermore, Australia is likely to experience increasingly frequent, severe and prolonged droughts in future years as 
a result of climate change (Steffen, 2015). 

Buildings like QUT KG are one of the highest consumers of water (Fenn, 2006). For example, according to the 
Department of Environment, Water Resources, Heritage and the Arts, building size of 10,000m2 normally consume 
more than 20,000 litres for every day or more than 7 million litres every year; enough to supply 40 average homes 
(Solomon et al., 2007). Many Universities strive to become a more sustainable campus (Crawford et al., 2005; 
McCormack et al., 2012; Colgate University, 2017). According to Solomon et al., (2007), “with shrinking stock of 
natural resources and degrading eco-system services, the consumption process must be wise, judicious and non-
wasteful’’. With the increase in water costs over the coming years, a scope of frequent but simple measures can see 
considerable cost savings. Saving water can also decrease the related cost from sewage, energy, chemical, waste 
management (QUT Sustainability, 2017). QUT campuses currently have dual water supply feeds and most facilities 
have built-in on-site redundancy to deal with this eventuality. Therefore, understanding the water management 
strategies is important to avoid the risk of getting a penalty for not achieving water saving targets (as set by the 
Queensland Water Commission) (Fenn, 2006). 

The purpose of the paper is to address an outline of the real areas of water utilisation and potential for water 
savings in building sites and outdoor cleaning at QUT KG. It would also consider how QUT KG maintains and 
continues to improve positively towards environmental sustainability by reducing the volume of water used on the 
above activities. 

Consumption and use 

Demand for water could arise from construction sites including new or building renovation projects, cooling tower, 
outdoor activities such as washing and sprinkling on road, cleaning sewers, watering public parks and football 
ground, gardens etc. (QUT Sustainability, 2017). Water is also used for firefighting called fire demand (McCormack et 
al., 2012). 

Compensate losses demand may play a vital role in footprint of water. It includes losses due to defective pipe joint, 
cracked and broken pipes, faulty valves and fitting, unauthorised connection (theft), allowance for keeping tap open 
etc. It can take up to 15-20 % of the total demands for a city (Crawford et al., 2005). 

QUT is aims and attempts to advance water productivity and water saving across the KG campus. 

Initiatives taken by the QUT KG include: 

Addressing leaks: Water leaks may be detected by utilising sub-meters to measure and screen water use around the 
campus.  

Introducing proficient amenities like low flow taps for washing and sprinkling on road, cleaning sewers, watering 
public parks and football ground, gardens act as a major aspect of a building retrofit. 

Restore evaporative cooling systems with hybrid wet/dry Cooling system. A one-tap air conditioning switch is in 
use.  

Collect and use rainwater: Rainwater tanks are used for irrigation, which has been confined to the KG oval under 
the water proficiency administration program. Design and Plan guidelines has been reviewed to guarantee that 
every single new building will reuse rainwater for building sites and outdoor cleaning activities.  
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Educational program: A 'Run the Water wise' works towards the beginning of every semester to advance techniques 
that maximize water productivity (QUT Sustainability, 2017).  

Water metering monitor of water utilization by all cooling towers with meters, which record kilolitres at half-hourly 
break (QUT Sustainability, 2017). 

Literature review 

The accurate consumption of water in building sites and outdoor cleaning is limited. The information is restricted to 
few chapters of construction sites book, published research, journal articles and conference papers. The aim of the 
literature review is to gather knowledge about 

 Water use in building sites 
 Outdoor activities 
 Scope of usages  
 Effects of water supply instrument 
 Water efficiency 
 Any other details relating to improving the water usages. 

It is important to understand usage of water both directly and indirectly when construction work is ongoing. 
According to Crawford & Treloar (2005), consumption of water during construction is many times greater than the 
volume of water used during a building’s life. Water usage during construction could reach 20 kilolitres per m

2
 of 

gross floor area, which is minimal. Activities like raw material extraction, concreate mixer, removal of dust etc. needs 
large amount of water (McCormack et al., 2007). According to Bardhan (2011), audit shows the estimated water 
usage over 68 months to be about 521350.83 KL for a building construction and total embodied water used in the 
materials was 7967,813.584 KL. Decreasing water utilisation and enhancing water productivity in construction is a 
significant step towards sustainable water use (Sustainable concrete, n.d). Avoiding widespread misuse of water and 
upholding organisational goals for improved water management practices remains important (Sustainable concrete, 
n.d). Water metering at construction sites may be basic in immediate future to guide and monitor water usage for 
sustainable development. 

Buildings like QUT KG uses about 25% of their water for cooling towers (TNEP Engineering Sustainable Solutions 
Program - Sustainable Water Solutions Portfolio, 2017). Cooling towers are large consumers of fresh water supply 
(TNEP Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). The other options 
to water cooling system are dry cooling system, which do not utilise any water however uses more energy (TNEP 
Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). There are a few options to 
decrease water through smaller efficiency measures, although the one tap button for air conditioning in classrooms 
since 2007 helped reduce usage.  

Water leakage due to defective pipe joint, cracked and broken pipes, faulty valves and fitting increase the rate of 
consumption. Distinguishing and repairing water leak is frequently the most financially effective of all water 
administrative measures and it is best done at an early stage to ensure that any measure of scale of water utilisation 
is precise (TNEP Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). A building 
is probably going to have water leakage if the cooling tower water consumption is more than 1 kL/m

2
 /year or 

expends more than 0.65 kL/m
2
/year in the absence of cooling tower (Sydney Water, 2007). 

Areas of water in outdoor activities include washing and sprinkling on road, cleaning sewers, watering public parks 
and football ground. The measure of water utilised outdoor may likewise shift because of local climate and facility 
type (Solomon et al., 2007).  For example, a recent report in California evaluated that 72 percent of water usage in K-
12 schools was utilised outside in contrast with the 35 percent normal consumption over the eight areas studied 
(Solomon et al., 2007).  Appropriate plan, establishment and maintenance of water system equipment can 
dramatically affect outdoor water utilisation (Solomon et al., 2007). For example, utilising dip water system on plant 
beds rather than customary sprinklers can reduce water usage by 20 to 50 percent (McCormack et al., 2012). More 
efficient sprinkler heads can diminish water usage by 30 percent in comparison with customary sprinkler heads 
(McCormack et al., 2012). 
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Methods to audit water consumption 

To understand the water consumption in QUT, it is important to conduct a literature review, analyse similar case 
studies and potentially raw data collection as well as personal communication.  

Case studies: To understand different area in detail, case studies on cooling system in corporate buildings, water 
used in construction sites and outdoor activities and water leakage is closely reviewed. 

Literature review: This helps to understand the whole audit system. Reviewing on how to perform a water audit and 
why it is important for universities like QUT. It provides guidance on QUT’S sustainability and action plan through 
information on other universities who completed water audits or executed certain water efficient plan and 
technologies.  

Collection of data:  Collecting secondary data on water consumption, water bills, QUT map and field map helps 
understanding water consumption. 

Consulting with key stakeholders: To gain better understanding of the data, consultation with the sustainability 
manager, provided insight on the specific plans and technologies used by QUT. It also helps to recognise the 
different method used in the past and future plans in terms of reducing the water consumption.  

Discussion 

On a university campus, water is required for buildings, sites and outdoor activities. This includes the cooling system, 
construction work, cooling tower and daily outdoor activities like washing and sprinkling on road, cleaning sewers, 
watering public parks and football ground, gardens etc. (TNEP Engineering Sustainable Solutions Program - 
Sustainable Water Solutions Portfolio, 2017). At present, QUT’s irrigation system for the public parks, football 
ground and gardens are fitted with latest devices that monitors soil moisture (QUT Sustainability, 2017). This allows 
sprinklers to turn on only when additional water is needed (QUT Sustainability, 2017). In summer months, watering 
in the day can require up to 30% more water (Texas AgriLife Augmentation Administration, 2011). In this case, the 
water irrigation system is yet considered inefficient. In Melbourne, Victoria, East Doncaster Secondary School has 
achieved 40 per cent water savings largely through installing low flow restrictors on outdoor taps and sprinkler 
(TNEP Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). QUT can improve 
its water consumption when compared with other conservation-minded practices for outdoor activities (TNEP 
Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). 

These administrative actions focus on utilising just the amount of water necessary to keep up the suitability of 
building sites and outdoor activities (BMP Guide, 2004). To achieve the amount, such things like area of the field, 
evapotranspiration rate, depth of root, road and soil moisture should all be considered (TNEP Engineering 
Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). Utilising automatic irrigation water 
system over manually controlled options also prevents water wastage (BMP Guide, 2004). The conservation-minded 
management options comprises of "computerized operational system or digital, programming, software, interface 
module, satellite field controller, soil moisture sensors, and weather station" (BMP Guide, 2004) (TNEP Engineering 
Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). These advancements help to “prevent 
overwatering, flooding, pooling, evaporation and run-off of water and should prevent sprinkler heads from applying 
water at a rate exceeding the soil holding capacity” (BMP Guide, 2004). In comparison, water usage in Smith 
College’s is 7 % compare to QUT’s 25% for outdoor activities and facilities (Committee on Sustainability, 2010). 
Pittwater High School in Sydney is implementing a comprehensive water management program by installing online 
monitoring; rainwater tanks and most importantly they have incorporated water conservation in the curriculum 
(TNEP Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). Similarly, 
Girraween Public School has installed online monitoring, water efficient devices (spring-loaded bubblers); rainwater 
tanks (over 65,000L capacity); native vegetation planting and currently they are teaching water conservation studies. 
ANU has a comprehensive water management plan to use treated recycled water on all irrigated grounds and 
landscaping by 2020 (TNEP Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 
2017). Harvard University’s leading Green Campus Initiative takes water saving to an advanced level (TNEP 
Engineering Sustainable Solutions Program - Sustainable Water Solutions Portfolio, 2017). 
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Cooling towers and heating plants for buildings mostly likely account for a large portion of the total water QUT 
consumes. Water utilisation is likely to be highest in the summer months. Smith’s cooling plant represents 9% of its 
general water, while QUT’s account for 16%. However, QUT's value includes its heating plant where as Smith's 
numbers represents the cooling plant (TNEP Engineering Sustainable Solutions Program - Sustainable Water 
Solutions Portfolio, 2017). This shows that there is room for improvement in QUT’s water usage for building sites 
and outdoor activities though this might be minimal because air conditioning and heating are important to maintain 
the quality of and it constitutes the bulk of it. 

Limitations 

A complete water audit of QUT Kelvin Grove campus is apparently not available. There are a few restraining factors. 
For one, there is restricted water utilisation information for specific building sites and outdoor activities requires 
significant water meters and/or metering system. Furthermore, the organisation contains numerous aspects and 
procedures. Thus, to make this scoping audit more comprehensive, this report focused on secondary data and using 
information from key stakeholder consultation regarding effectiveness and efficiency. These data can be utilised as a 
part of assessing current activities with technologies that are more effective as well as procedures. 

Recommendation 

Below is a detailed analysis of the major recommendations for QUT based on preliminary water audit. 

 Future Construction and Water Metering 

In the development of new structures, QUT should carefully minimise how much water the buildings will utilise. As 
an advanced educational institution, QUT is mindful to take issues recovery, conservation and productivity into 
consideration when constructing a new building. It is recommended that QUT introduce water meters on all 
structures and develop a system that would give an alert when numbers or water levels are off. This will be 
demonstrating QUT's commitment on sustainable development. 

 Service Buildings 

In view of the consequences of examining building structures and specifically the cooling towers and sewers, there is 
presently no proposals for this range to be more proficient. Two ways that may be considered are operational 
approach and technological approach (using non-chemical approach to treat the water. The best thing is the use of 
less water and no chemical). QUT engineer developed electricity-free home cooling system but result is still 
unknown (QUT Sustainability, 2017). Climate diversity is also very important, as cooling towers are very dependent 
upon outside air temperature (QUT Sustainability, 2017). Efficient use of water for the cooling towers should be the 
main goal (QUT Sustainability, 2017). It is also important to continue to build a culture of sustainability and look for 
opportunity to improve in the sustainability space (Colgate University, 2017). 

 Outdoor facilities 

QUT should complete a water system (irrigation) audit. This will help in understanding QUT's current water 
efficiency (water flow system) and guide the measure of water necessary to maintain viable fields. It is also 
recommended that QUT consider improving on capturing rainwater and recycling water (from indoor activities like 
toilet, kitchen etc.) for outdoor facilities. There are two football grounds. If using one, can save approximately 
100,000 gallons of water, it will help maintain QUT’s sustainability plan by avoiding and reducing unnecessary water 
for outdoor activities 

 Increase awareness programme on efficient water use and water conservation. 
 Smart purchase of maintenance system to reduce the rate of water loss from leakage. 

Conclusion 

A careful evaluation of how water is used within QUT will help in their future goals of achieving sustainable 
environment and development. Without thought to these proposals, the University could be confronted with 
outside results such as less student enthusiasm to study at the University. Moreover, the school will continue to face 
the current financial impact and environmental costs of water utilisation. Students may undertake water audits as 
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part of their tutorials/ workshop and assessments and considering the recommendations put forward towards 
improving water consumption at QUT, QUT will become one of the leading sustainable University and set a standard 
for comparative foundations around the country and the world. 
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3.1.1: Building Site waste  

Introduction 

Waste generation and its management is a big issue globally, especially the waste produced from building 
construction (Edge Environment Pty Ltd, 2012). The steps in building construction process from breaking a small 
brick or tile to constructing a completely new building has a significant impact on the environment (Li, 2012). To 
create sustainability and maintain natural and clean environment, Government and Non-Government Organizations 
(NGOs) are taking many steps (Haswell, 2017). As mentioned previously, building waste or any kind of waste 
generated from construction or demolition processes may adversely affect the environment, which then may affect 
the humans directly or indirectly. Presently in QUT KG campus, there is an ongoing construction (building) work and 
this scoping report has been developed in relation with the waste generation and management at this building site. 
As per the Environmental Performance Plan 2011-2016, waste is one of the prominent environmental issues 
addressed by QUT Sustainability Programs. This audit is a scoping audit and only observational information has been 
used in this report. The main objective and the scope of this audit, is to identify and understand the footprints 
(negative) and handprints (positive) of the building site at QUT. This will involve identifying the types of construction 
wastes that is generated from building site and determine whether these waste materials are disposable, reusable 
or recyclable. Online resources will be used to support the information provided in this audit report. In addition, 
personal experience and knowledge will be used to identify the handprints and footprints. At the end of the report, 
some recommendations will be provided that might be helpful in reducing the footprint of the building site at QUT. 
Legislation, national policies and international data will also be used. 

Literature review 

Waste and its management is a big problem and if not managed properly may result in adverse environmental 
outcomes. It has been observed that around 40 to 50% of wastes that goes to landfill come from building 
construction works (Ecorecycle Victoria, n.d.). Landfill is a source of greenhouse emission, which causes climate 
changes and other issues. Another measure of environmental impact of construction work is embodied energy; CO2 
in particular (Edge Environment Pty Ltd, 2012). If more recyclable and reusable materials are used, embodied 
impacts of buildings may be reduced (Edge Environment Pty Ltd, 2012). Plasterboard is a recyclable material; 
however, if contaminated they are sent to landfills and they contribute to greenhouse gas emissions. In addition to 
this, hazardous waste is a big risk to health and safety of public, workers and environment and is most often sent to 
landfill (Blue environment Pty Ltd, n.d.). However, these kinds of wastes should not be sent for disposal without 
hazard reduction treatments as they may increase the environmental risks.  

Methodology 

This report is a scoping review so all the factors that would be required, if the audit is conducted physically at 
construction site has been mentioned. 

Requirements: 

 Personal Protective Equipment (PPE): 
o Hard hat 
o Steel cap shoes/Enclosed shoes 
o Safety glasses 
o Pent or trouser covering to the ankles without any cuts or strips. 
o Full sleeve shirt 
o High visibility vest 
o Gloves 
o Ear protection, like earplugs (if there are chances of noise exposure) 
o Mask (if it is a requirement of the site) 

 Audit checklist. 
 Notepad and pen to make notes. 

 

 
https://www.google.com.au/search?client=firefox-b-

ab&dcr=0&biw=1366&bih=635&tbm=isch&sa=1&q=p

pe&oq=ppe&gs_l=psy-

ab.3..0l4.552172.552933.0.553534.3.3.0.0.0.0.280.55

5.2-2.2.0....0...1.1.64.psy-

ab..1.2.554.JeYPuTv3oio#imgrc=_UDfr9cGBSPxyM: 

 

https://www.google.com.au/search?client=firefox-b-ab&dcr=0&biw=1366&bih=635&tbm=isch&sa=1&q=ppe&oq=ppe&gs_l=psy-ab.3..0l4.552172.552933.0.553534.3.3.0.0.0.0.280.555.2-2.2.0....0...1.1.64.psy-ab..1.2.554.JeYPuTv3oio#imgrc=_UDfr9cGBSPxyM
https://www.google.com.au/search?client=firefox-b-ab&dcr=0&biw=1366&bih=635&tbm=isch&sa=1&q=ppe&oq=ppe&gs_l=psy-ab.3..0l4.552172.552933.0.553534.3.3.0.0.0.0.280.555.2-2.2.0....0...1.1.64.psy-ab..1.2.554.JeYPuTv3oio#imgrc=_UDfr9cGBSPxyM
https://www.google.com.au/search?client=firefox-b-ab&dcr=0&biw=1366&bih=635&tbm=isch&sa=1&q=ppe&oq=ppe&gs_l=psy-ab.3..0l4.552172.552933.0.553534.3.3.0.0.0.0.280.555.2-2.2.0....0...1.1.64.psy-ab..1.2.554.JeYPuTv3oio#imgrc=_UDfr9cGBSPxyM
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https://www.google.com.au/search?client=firefox-b-ab&dcr=0&biw=1366&bih=635&tbm=isch&sa=1&q=ppe&oq=ppe&gs_l=psy-ab.3..0l4.552172.552933.0.553534.3.3.0.0.0.0.280.555.2-2.2.0....0...1.1.64.psy-ab..1.2.554.JeYPuTv3oio#imgrc=_UDfr9cGBSPxyM


Page | 61 
 

 Camera to take photos. 
 Weighing equipment, if quantitative data is required. 

Important to remember: It is extremely important to respect and follow organisations’ policies and golden rules 
as well as the privacy of the individuals when visiting any site, business or organisation. 

 No interviews were conducted. 
 No pictures were taken and used in this report. 

                                                                                                                                   

 

Checklist  

The checklist used in this report is my own work. However, information from all the references used in this report 
has been considered in developing the checklist. A Guide to Waste Audits and Reduction Workplans for Industrial, 
Commercial and Institutional Sectors, by Ontario Ministry of Environment and Energy has also been used to develop 
the checklist (See reference list).  

The Audit checklist is as given in appendix T. 

Audit process: 

The steps to be followed when conducting an audit (Waste Management Association of Australia, n.d.): 

 Do not give any warning to the workers or to any other site related person prior to waste audit to avoid 
any false information as well as behaviour. 

 Wear proper Personal Protective Equipment when conducting an audit. 
 Determine any hazardous waste produced from site. 
 Take photos of different types of waste and take samples if required. 
 Make sure that respect and privacy is maintained at all times during as well as after the audit. 

Result 

As mentioned in audit checklist in appendix T, main waste types that may be produced from building construction 
site include: 

 Concrete and bricks. 
 Metals, like Steel and Aluminium. 
 Timber. 
 Plastics. 
 Plasterboard. 
 Rock and Excavation stone. 
 Soil/Sand. 
 Glass. 
 Hazardous waste, like oil, contaminated soil and asbestos. 

Other than these paper, cardboard, bottles and drink cans are also some of the waste types that might be found in 
construction area. Assuming that half of the waste is disposed (Footprint) and the other half is recycled or re-used 
(Handprint), still QUT has a big footprint in terms of waste generation and disposal. 

https://www.google.com.au/search?q=respect+the+privacy+of+i

ndividuals&client=firefox-b-

ab&dcr=0&source=lnms&tbm=isch&sa=X&ved=0ahUKEwisgcTro

4XWAhWBbrwKHangAeMQ_AUICigB&biw=1366&bih=635#imgrc

=eMUU2QNY2QW3QM: 

 

https://www.google.com.au/search?q=respect+the+privacy+of+individuals&client=firefox-b-ab&dcr=0&source=lnms&tbm=isch&sa=X&ved=0ahUKEwisgcTro4XWAhWBbrwKHangAeMQ_AUICigB&biw=1366&bih=635#imgrc=eMUU2QNY2QW3QM
https://www.google.com.au/search?q=respect+the+privacy+of+individuals&client=firefox-b-ab&dcr=0&source=lnms&tbm=isch&sa=X&ved=0ahUKEwisgcTro4XWAhWBbrwKHangAeMQ_AUICigB&biw=1366&bih=635#imgrc=eMUU2QNY2QW3QM
https://www.google.com.au/search?q=respect+the+privacy+of+individuals&client=firefox-b-ab&dcr=0&source=lnms&tbm=isch&sa=X&ved=0ahUKEwisgcTro4XWAhWBbrwKHangAeMQ_AUICigB&biw=1366&bih=635#imgrc=eMUU2QNY2QW3QM
https://www.google.com.au/search?q=respect+the+privacy+of+individuals&client=firefox-b-ab&dcr=0&source=lnms&tbm=isch&sa=X&ved=0ahUKEwisgcTro4XWAhWBbrwKHangAeMQ_AUICigB&biw=1366&bih=635#imgrc=eMUU2QNY2QW3QM
https://www.google.com.au/search?q=respect+the+privacy+of+individuals&client=firefox-b-ab&dcr=0&source=lnms&tbm=isch&sa=X&ved=0ahUKEwisgcTro4XWAhWBbrwKHangAeMQ_AUICigB&biw=1366&bih=635#imgrc=eMUU2QNY2QW3QM
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Discussion 

According to the Department of Environment and Heritage Protection, all the above-mentioned wastes are under 
Queensland’s priority wastes (Queensland Government, 2017). In simple words, these wastes may increase the 
footprint of an organisation, as all of them contribute to adverse impacts on environment (see Literature review 
paragraph). According to a report, waste generation of concrete and bricks has increased from 15 to 17Mt 
approximately; see Fig. 25 (Randell Environment Consulting, 2016). Figures related to disposable and recycling can 
be seen in the Fig. 25. 

 

Figure 20: Waste generation, disposal and recycling in Australia (Randell Environment Consulting, 2016). 

The proportion of disposed hazardous waste was less than the recycled waste as per 2014-15 report (see Fig. 25 
above). Now, if we look at QUT KG, building construction is in progress near the Library (E and L block) (See Image 1 
and 2). 

 

Image 1: A glance at the future green building at E and L block taken from 
http://www.fmd.qut.edu.au/capital_works/projects_in_progress/education_precinct.jsp) 

http://www.fmd.qut.edu.au/capital_works/projects_in_progress/education_precinct.jsp
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Image 2: Sketch showing the area of construction taken from 
http://www.fmd.qut.edu.au/capital_works/projects_in_progress/education_precinct.jsp 

This building is 10,000 m
2
 gross floor areas (footprint because of land use) and it is a proposed “5 Star Green 

Building” (Queensland University of Technology, n.d). In addition to this, one of the goals related to this building is to 
“achieve best practice sustainability” (Queensland University of Technology, n.d). It is a handprint of QUT. However, 
before construction commenced at the site, the old buildings were demolished and might have generated a large 
amount of the waste including glass, metals, bricks or tiles, electrical waste etc. that may have impacted the 
environment with dust and other contaminants (Footprint). Considering those wastes and thinking about the 
disposal, recycling and re-use, it is understandable how big the footprint might be. 

The information collected from online services of QUT Facilities Management; there are recycling bins for cardboard 
and polystyrene wastes; Fig. 26 (Queensland University of Technology, n.d). Recycling reduces the amount of waste 
channelled to landfill, reduces stress on the landfill space, increases the sustainability and is a positive factor for the 
environment (Handprint). Additionally, there are co-mingled bins throughout the campus. These bins are for clear 
glasses, bottles, plastics and aluminium which later are sent for recycling (Handprint); Fig. 27 (Queensland University 
of Technology, n.d). 

   

Figure 21: Recycling bins taken from 
http://www.fmd.qut.edu.au/operations/cleaning/waste_disposal/cardboard.jsp 

 

 

 

 

 

 

 

Figure 22: Co-mingled bin taken from 
http://www.fmd.qut.edu.au/operations/cleaning/waste_disposal/recyclable_waste.jsp 

http://www.fmd.qut.edu.au/capital_works/projects_in_progress/education_precinct.jsp
http://www.fmd.qut.edu.au/operations/cleaning/waste_disposal/cardboard.jsp
http://www.fmd.qut.edu.au/operations/cleaning/waste_disposal/recyclable_waste.jsp
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Moreover, sustainable procurement guide developed by QUT has mentioned about the purchasing policies and 
procedures in relation to get sustainable goods and services (Handprint) (Queensland University of Technology, n.d). 
However, it is not just about placing recycling bin within the campus, but the knowledge and information being 
provided to students, is a big initiative towards sustainability (Handprint).  Considering the various initiatives that 
QUT has in place for waste management, it can be presumed that there are special industrial bins within the 
construction site for proper waste management (Handprint, if Yes).  

s.3.2 of the Environmental Performance Plan 2011-2016 for QUT, has allocated $4.5M funding for sustainability 
initiatives (Handprint). It is an important and effective step for QUT in terms of sustainability. Overall assessment of 
all QUT initiatives, every single step is very important and worthwhile in reducing footprints and increasing 
handprints. However, it is not just about QUT, but also from an international perspective, waste reduction from 
building construction may contribute to achieving sustainability (Li, 2012).  If we look at figures from international 
assessment (Fig. 28) of waste generation, Australia is in the top three countries with the most waste generation 
(Randell Environment Consulting, 2016). 

 

Figure 23: Showing the waste generation, disposal and recycling numbers in different countries (Randell Environment 
Consulting, 2016). 

It is therefore understandable how important it is to manage the waste and increase the handprints of Australia.  

Waste management in Australia 

Australian government has developed policies, procedures and legislative frameworks to manage waste. For 
construction and demolition waste management, National statutory framework is as shown in Fig. 29 (Li, 2012). 

National Waste Policy (Department of Sustainability, 2010a) 

National Waste Policy by Environment Protection and Heritage Council (EPHC) mentioned the different directions in 
relation with waste management and resource recovery by 2020 and it aims to reduce the waste disposal and 
increase the handprints by recycling waste. 

Other than this, Waste Reduction and Recycling Act, 2011 (Qld) considered the waste management strategies, waste 
disposal, recycling and reduction of waste (Queensland Government, 2016).  
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Figure 24: National statutory framework for construction & demolition waste in Australia (Li, 2012). 

Green star building initiative started in 2002 to reduce the effects of building construction on the environment and 
reducing the waste disposal (GBCA, 2011). QUT is also following this initiative for the new building near Library 
(Handprint) (see previous discussion about green star building).  

“So how can footprint be reduced and handprints increased QUT?” 

In general, waste generation is a footprint and the effective ways to recycle or manage it is a handprint. If correct 
and smart ways are used, then QUT will further reduce its footprint by adhering to the waste and resource 
management hierarchy (Fig. 30) mentioned in Waste Reduction and Recycling Act, 2011 (Qld) (Queensland 
Government, 2016). 

 

Figure 25: Waste and resource management hierarchy (http://www.ehp.qld.gov.au/waste/pdf/qld-waste-
strategy.pdf). 

Another way is by changing behaviours regarding waste disposal. To elaborate, waste disposal levy introduced by 
Bligh Labor government mentioned that if the behaviour related to waste disposal is changed, it may be easy to 
reduce waste and achieve the goal to increase recycling and re-using materials (Haswell, 2017). Moreover, Local 
Governments are also taking steps towards sustainability. For instance, Logan City Council in their strategic plan 

http://www.ehp.qld.gov.au/waste/pdf/qld-waste-strategy.pdf
http://www.ehp.qld.gov.au/waste/pdf/qld-waste-strategy.pdf
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concentrates on the minimization of the waste production, reduction of environmental impacts of waste disposal 
and imposing penalties on landfills (Haswell, 2017). Furthermore, Cleaner Production may be helpful as well, see 
below the Hierarchy (Haswell, 2017): 

Aim Achieve 

Elimination of waste / reducing waste Waste prevention or waste avoidance 
Reuse and or recycle waste Waste management, waste to energy 
Treatment & disposal of waste Trade waste control and waste disposal 

Table 11: Showing hierarchy of Cleaner Production (Haswell, 2017). 

Limitations 

This audit report has been developed to understand QUT’s footprints and handprints in relation with building 
wastes. However, there are some limitations in this report: 

 This audit is a scoping audit hence not very comprehensive. 
 Online information related to QUT waste management Policies and procedures, is very limited. 
 Existing research is only related to the management of waste, that is already produced. There is not 

much information about how we can avoid or reduce the waste generation. 
 No quantitative data has been collected that might be helpful to find the actual handprints and 

footprints of QUT. 

Recommendations 

Considering the results and limitations of this report, the recommendations are: 

 Further research on how to avoid or reduce waste will be of great benefit to increase the handprints 
and maintain sustainability. 

 “Cleaner Production” might be very helpful to achieve sustainability goals. 
 As mentioned previously, changing the behaviours related to disposal and increasing the knowledge 

about the benefits of recycling and reusing may be a great initiative to decrease footprints at QUT and 
at international level. 

 Hierarchy of waste and resource management is another way to manage waste generation and 
increase handprints. 

Conclusion 

In conclusion, all the information mentioned in this report helps to understand what improvements may be required 
to maintain sustainable environment in QUT. Most of the waste mentioned in result section are recyclable/reusable. 
If recycled materials are used more than disposable ones, it might be easy to manage footprints. While waste 
avoidance/reduction step is important, correct procedures may also be helpful. The initiatives QUT has implemented 
are of great value however, there may be more room for improvement. 
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3.1.2: Paper and office materials  

Author: Thanura Deshan Gajasinghe 

Introduction 

Universities can be considered as mini cities due to diverse human activities and large territorial coverage. 
Consequently, universities negatively affect the natural environment in different ways. Among those impacts, waste 
generation is a major problem, which is faced by the university management (Adeniran, Nubi & Adelopo, 2017). In 
this report, one of the important waste components, namely paper and office materials, in QUT Kelvin Grove 
campus will be discussed.  With thousands of staff and students, QUT KG is a large consumer of paper and office 
materials. Therefore, paper plays a vital role in QUT KG sustainability performance. Major environmental impact of 
paper consumption is solid waste generation.  Furthermore, paper consumption results in greenhouse gas emission 
associated with transport, forestry, manufacturing and ecosystem disruption (Isaev, Clark & Davidson, 2010, p. 171).  

Universities can reduce their ecological footprint by implementing paper conservation and other positive 
sustainability influences (Isaev, Clark & Davidson, 2010, p. 171). QUT KG facilities management has established 
considerable strategies to reduce the paper footprint in the campus. They have included paper-recycling procedure 
to their waste management plan. Furthermore, they have included number of positive sustainability strategies such 
as green workspace, green champion to their management plans. In this report, footprint and handprint of the 
paper and office material waste in QUT KG will be examined using an audit tool and recommendations will be 
introduced for sustainable paper waste management. 

Literature Review  

Universities are considered as epicentres of waste as they generate huge amount of waste compared to cities and 
townships where they are located. University events, parties, academic researches, non-academic operations 
produce disruptive amount of waste which raises environmental concern as well as significant budgetary issues 
(Camp 2010, p.431)  

According to waste audits conducted in several other universities, it was found that paper materials represented the 
highest percentage of waste material. This waste category includes printer paper, mixed paper, newspaper, 
corrugated cardboard, boxes and paper towels (Armijo de Vega, Ojeda Benítez, and Ramírez Barreto, 2008, p. S21).  

Results of a waste characterization study performed in the Campus Mexicali of Baja California (UABC) explained that 
paper represented higher proportion of the waste generated from administration and academic buildings. The 
important finding was that 33% of paper waste is potentially recyclable. Generally, paper waste generated from 
offices was not contaminated with other waste like left over foods because recyclers (Armijo de Vega, Ojeda Benítez, 
and Ramírez Barreto, 2008, p. S24) will refuse contaminated paper waste. 

Furthermore, the study revealed that paper has a high reduction possibility. For instance, white paper found from 
Mexicali campus waste mostly used one side of the sheet, which means that paper reusing did not exist in the 
university. The team proposed paper waste management strategies before recycling. Reuse was identified as one of 
strategy that could be implemented in the campus. They expected to reduce the paper waste in half through the 
reuse strategy. The research also proposed that further reduction could be attained through other methods of 
communication. This may include use of electronic media; reutilization of brown envelops; use unused side of the 
papers to make rough copies; memorandums or reports; use of electronic mails for communication, use of printers 
that can print on both sides (Armijo de Vega, Ojeda Benítez, and Ramírez Barreto, 2008, p. S24). These strategies can 
be implemented immediately and paper consumption and disposal quantity will be reduced considerably. 
Furthermore, recommendations were made to place bins in the administrative buildings and photocopying areas for 
paper waste. Those bins should be accompanied with suitable information posters (Armijo de Vega, Ojeda Benítez, 
and Ramírez Barreto, 2008, p. S24). 

The study identified sanitary waste as the second largest waste category in university buildings. They cannot be 
recycled or reused due to its nature. Therefore, there should be increased awareness on reduction of sanitary waste 
(Armijo de Vega, Ojeda Benítez, and Ramírez Barreto, 2008, p. S24). 
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Another waste management study was conducted at the University of Northern British Columbia (UNBC) in 2009 
and largest single waste component was paper and paper products which include printer paper, newspaper, 
corrugated cardboard, boxboard and paper towel (Smyth, Fredeen & Booth, 2010, p. 1013).  Composition of the 
paper materials indicated following sequence; mixed paper > paper towel > cardboard > newspaper > printer paper. 
Paper towel represents 13% of the waste stream while printer paper represents 3.5%. Therefore, it is important to 
focus on paper towel reduction. Facilities management looked for alternative such as hand dryers (Smyth, Fredeen & 
Booth, 2010, p. 1013). In this case, comprehensive life cycle analysis for both options is required to choose the more 
environmentally friendly option. Finally, management identified information dissemination techniques (education 
and awareness campaigns) are the financially and technically a feasible strategy for paper reduction (Amutenya, 
Shackleton & Whittington-Jones, 2009). 

Proper labelling and distribution of paper receptacles is another successful technique to increase recycling 
opportunities. Researchers found that paper recycling bins within the UNBC campus have outdated labels and they 
are not positioned strategically (Smyth, Fredeen &Booth, 2010). Studies have revealed that convenient recycling 
options and effective communication methods will increase the recycling rates (Hansen et al., 2008). 

Generally, higher education institutions are more concerned on recycling programs rather than looking for source 
reduction options (Harris and Probert, 2009). Recycling is not the ideal environmentally sustainable waste 
management program, because recycling processes need energy and resources (Armijo de Vega, 2003). For the 
sustainable waste management, universities should implement various approaches that focus on the kind of 
materials and follow waste management hierarchy; reduce waste at source, reuse materials and recycle what 
remains (Tammemagi, 1999). Most effective paper reduction strategies are double sided copying, default duplex, 
reusing unused side of papers for notes and drafts and electronic mailing for communication Armijo de Vega, Ojeda 
Benítez, and Ramírez Barreto, 2008). Smyth, Fredeen and Booth (2010) proposed a paper reduction policy; all 
documents to be paperless when possible or printing both sided if hard copies are essential. 

Another study done in University of Alberta in 2010 related to paper consumption to behaviour of the staff and 
students using social research such as surveys and behavioural experiments. The results of the study concluded that 
effective paper consumption and reduction could be achieved through individual behavioural change (Isaev, Clark & 
Davidson, 2010, p. 177). 

Measurement approaches 

For the evaluation of paper waste footprint and handprint, it is required to perform an audit covering Kelvin Grove 
campus. Academic and administration buildings are identified as the major areas where paper waste accumulates 
within the campus. Each of these buildings will be observed and audited using the audit tool. Some questions can be 
completed by observations and others by interviewing office occupants and students. Behaviour and attitude of 
students and staff in relation to the paper consumption will be audited through another set of questions. This audit 
will be in the form of survey.  

However, it is required to get some quantitative measurements to calculate the consumption of paper within the 
University. 

Taking measurements (weighing) 

For the evaluation of paper consumption, it is required to measure the paper waste collected from each building 
during a specific period. Paper wheelie bins are collected twice a week in KG campus and are collected when they 
are half-filled for safety of the handlers.  Therefore, it can be assumed that only half of the bin is filled with papers 
when it is collected. The weight of the paper within the wheelie bin is also required to evaluate the paper 
consumption of the building.  

Equipment 

 Scale 
 Volume known container 
 Gloves  
 Pen, paper and calculator 
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Methodology 

Using a known volume container, fill it with paper waste from the wheelie bin.  

Measure the weight of the empty container and paper filled container using a suitable scale 

Since wheelie bin is 240l, weight of the paper waste in the wheelie bin can be calculated using paperweight of the 
known volume container. 

Considering number of paper wheelie bins in each building, calculation of paper consumption of the building for the 
relevant period is achievable (week or month). 

Furthermore, annual paper consumption can also be calculated from the data obtained. 

Discussion 

QUT facilities management has categorised waste into three major types, which are general waste and recycling; 
chemical, radioactive and hazardous waste and pathological waste. Paper waste and office materials are considered 
the general and recycling waste. General waste including paper waste is collected at specific locations by cleaning 
staff. Facilities management has implemented a recycling programme and it manages paper waste and other 
recyclable waste (QUT facilities management, 2017).  

Facilities management has also introduced bin exchange program and office occupant has the responsibility to 
dispose their waste into designated bins, which are general waste, recycling waste and paper waste. Paper bins are 
collected twice a week and other bins are collected daily. This method was introduced in November 2011, it 
successfully reduced the waste amount that goes to landfills and mixed recyclables proportion was increased (QUT 
facilities management, 2017).  

For the management of paper waste, paper-recycling boxes are placed under the desks. Blue colour wheelie bins are 
provided around the offices and paper boxes can be emptied into the paper recycling wheelie bins (QUT facilities 
management, 2017). 

These materials that can be disposed into the paper recycling boxes and blue colour wheelie bins are listed below 
and this information is displayed near or on the bin as well (QUT facilities management, 2017). 

 Printed paper 
 Stapled paper 
 Envelopes with and without plastic windows 
 Post-it notes 
 Gloss paper – incl. magazines 
 Newspapers 
 Brochures 
 Manila folders 
 Note-pads 
 Phone books 
 Small cardboard packaging 
 Spiral bound books—remove and throw away the spiral wire 

However, the below listed materials are not allowed in paper recycling boxes and wheelie bins. 

 Foil wrappers 
 Waxed paper 
 Paper towels – used and unused 
 Food wrappers 
 Cellophane 
 Adhesive labels 
 Sticky tape 

Through the above paper waste management strategies QUT facilities management successfully separates paper 
waste from general waste. Contractor collects paper waste from the campus and transports to a recycling facility. 
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Printer toner and ink cartridges are separately collected for delivery to a recycling facility (QUT facilities 
management, 2017). 

QUT reduces their waste that goes to the landfills by recycling which reduces paper footprint within the campus. 
Under the concept of sustainability at QUT, they are committed to consume resources with high control. QUT 
facilities management aims to decrease the amount of waste generated and increase the recycling proportion. Bin 
exchange program is a one of successful method they have introduced. Green champion is another strategy 
introduced under the sustainability. Green champions are appointed to each office in the campus to provide 
guidance and support for sustainability. A list of green actions is established for the workspaces within the campus 
and Green champions provide guidance on following those green actions (QUT facilities management, 2017). 

The following green actions are implemented in QUT KG for reducing paper and office materials consumption. 

 Print or copy both sides of the paper (double side printing is default on every computer within the 
campus) 

 Reduce image sizes and margins as much as possible 
 Provide a space in the supply closet to share office supplies that can be re-used (binders, folders) 
 Share publications 
 Publish newsletters electronically 
 Reduce varnishes and coatings in publications. 
 Reduce hard copy news media and catalogues. Remove office address from unnecessary publications 

by contacting distributors (QUT facilities management, 2017). 

QUT academic specialists are doing some research related to paper consumption within the University. One of the 
ongoing research study is “how employees at QUT are using printers as part of their work practices and how 
environmentally sustainable those work practices are”. These researches are very important in future decision-
making process related to sustainability of the University. 

QUT administration communicates with students through electronic mails wherever applicable. Most of assignments 
and reports, which have to submit for courses, are done electronically as soft copies.  

Furthermore, toilets in KG campus have been installed hand dryers instead of paper towels. It is an effective strategy 
to remove paper towel waste completely from the campus. However, paper towels are still used in kitchens. They 
are not recyclable and thus not allowed in paper recycling boxes and bins. 

When comparing QUT strategies for less paper consumption and recycling with similar organisations QUT facilities 
management has introduced all sustainability measures into their management. For instance, University of 
Queensland also collect paper waste by using paper recycling boxes and blue colour wheelie bins. Furthermore, both 
universities have included less paper consumption strategies such as double side printing, electronic communication 
in to their facilities management policies. 

Recommendations 

 It is recommended that QUT conduct paper use survey and present results to educate staff and students.  
 Reduce use of posters as a form of communication to increase awareness of the staff and students.  
 Print double sided and print less whenever possible. This strategy is already introduced in green actions. 

However, it should be promoted throughout all offices and libraries by increasing awareness. 
 Printing privileges can be delegated to a few members of the staff. This strategy can be used in 

administrative buildings where academic and non-academic staff work. However, it is not suitable for 
libraries. This will help to reduce wasteful paper use and build a paperless office by promoting more digital 
tasks such as electronic filling, using email instead of letters and envelopes. 

 Promote the use of recycled paper for printing draft documents whenever possible. Recycled paper tray can 
be inserted to the printers and students and staff can select correct print tray.  

 Discarded papers can be collected to make scribble pads. Furthermore, one-side printed papers can be used 
for draft or internal printing. 

 Large envelopes can be re-use as internal envelopes.  
 Introduce recyclable paper towels to the campus. 
 Include paper friendly message to the email signatures. Ex: “Don’t print unless absolutely necessary, think 

before print”.   
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 Considering all data, it is highly recommended to promote active participation of students and staff in 
practically implementing all the strategies that exist within the campus. For that, information posters and 
awareness building campaigns can be conducted within the university.   

 Furthermore, research studies should be initiated to evaluate following aspects; students and staff 
behaviour through paper consumption, efficiency of paper recycling process, efficiency of current 
sustainability strategies towards paper reduction. Further actions, policy changes and new strategies should 
be introduced to the facilities management approaches according to the results of research studies. 

Conclusion 

QUT KG facilities management has already established sufficient strategies to manage paper waste and to reduce 
paper consumption. Bin exchange program is an effective strategy to sort out paper waste from other waste and it 
will increase the recycling efficiency of the paper waste. On the other hand, series of sustainable strategies such as 
green champion, green workplace are included in the facilities management. Those strategies cover most of the 
paper-consumption reduction strategies. The issue is to what extent the students and staff of the University follow 
those strategies. Therefore, further reduction of paper consumption requires active support of the students and 
staff. Behavioural change will be required to reduce the paper consumption. For maximum benefit of existing 
strategies, it is required to motivate both students and staff for less paper consumption through effective awareness 
campaigns. 
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3.1.3: Furniture, light fixtures and office fittings: Potential waste source 

Author: Eliover Soto Patino 

Introduction 

Australia is one of the top five countries in the world regarding waste production per capita (Clean up Australia, 
2017). Every year, an average Australian is responsible for sending about 690 kilograms of waste to landfill (CUA, 
2017). The waste produced in this country in one year is enough to cover the State of Victoria (CUA, 2017). 
Furniture, light fixtures and office fittings have the potential to become waste produced by universities such as 
Queensland University of Technology (QUT) at Kelvin Grove (Queensland University of Technology, 2016). These 
items are essential for business activity and are available for the use by the community and other stakeholders 
(QUT, 2016). The environmental footprint of these items is significant because of the type of material or 
combination of materials used to make these products (CUA, 2017). The materials include components like plastics, 
fabrics, foams, synthetics, wood, metals, batteries and cables (CUA, 2017). These materials are known for their 
qualities such as hardness, durability and resistance to weather conditions that make them slow to degradation. The 
purpose of this paper is to: 1) Identify and report the positive and negative impacts of furniture, light fixtures and 
office fittings on the environment. 2) Find a suitable tool for auditing their footprint and handprints. 3)  Describe 
how to apply the tool in waste assessment and 4) make recommendations based on the findings. 

Literature review 

Queensland University of Technology has embraced some principles of environmental sustainability such as 
precautionary, intragenerational, intergenerational, protection of ecological integrity and biodiversity, polluter pays, 
public participation, improved valuation and pricing mechanisms for the environment and accessibility of 
information regarding the institution’s environmental management system (QUT, 2016). Standards such as “QUT 
Design Standards and Guidelines” and “Financial Management Practice and Procedures Manual”  have been 
developed to mitigate the adverse impacts of potential sources of waste such as furniture, light fixtures and office 
fittings on the environment (QUT, 2016). These documents contain instructions regarding the purchase, selection, 
provision, disposal, replacement and sale of furniture, furnishing and fittings (QUT, 2016). The standards are aligned 
to the local, state and national policies regarding waste management (QUT, 2016). 

QUT relies on the “Furniture Relocation or Disposal Feedback” form that can be completed online by anyone, see 
figure 31. This form collects information regarding location, matter and comments (QUT, 2016). Any concern 
regarding furniture, furnishing and fittings can be reported through the form (QUT, 2016). This information is 
supplied to the Department of Facilities and is used to make the required arrangements for the collection and 
relocation of the item until further assessment (QUT, 2016). 

One of the criteria used in the decision-making process by the university in its effort to achieve environmental 
sustainability is the hierarchy of waste management (Waste Reduction and Recycling Act, 2011; & Department of 
the Environment and Energy, 2017). This tool is used to assess potential sources of waste such as furniture, 
furnishing and fittings, and the impacts of these on the environment (WRRA, 2011). This hierarchy is similar to those 
hierarchies suggested by the Brisbane City Council, the Waste Reduction and Recycling Act 2011 and is aligned to the 
aims of the national waste policy (Brisbane City Council, 2017; DEE, 2017; QUT, 2017; & WRRA, 2011). The waste and 
resource management hierarchy stress the importance of avoiding, reducing, reusing, recycling, recovering, treating 
and disposing of waste such as furniture, furnishing and fittings (BCC, 2017; QUT, 2017; & WRRA, 2011). 

Audit tool  

An audit tool is a method that can assist the decision-making process regarding the selection of what is best for the 
environment in relation to production and waste (Environmental Protection Agency United Sates, 1993). Some of 
the more common tools for auditing are Environmental Audits (EA), Pollution Prevention Opportunity Assessment 
(PPOA) and Life Cycle Assessment (LCA) (EPA-US, 1993). These tools are designed to recognise and assess the waste 
generated by any activity (EPA-US, 1993). These are also known as management tools. They assist in the waste 
management process and provide useful information for the implementation of waste management programs (EPA-
US, 1993). Auditing and waste management programs have been growing over the last forty years as result of 
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corporate environmental responsibilities, claims, liabilities, public pressure, regulatory issues and other internal and 
external environmental factors (EPA-US, 1993). To be useful the audit tool must be able to assess what it was 
designed for. 

One of the tools suitable for assessing the management of potential waste such as furniture, furnishing and fittings 
produced by KG campus is an environmental audit (EA) (Environmental Protection Authority Victoria, 2003). This 
basic tool could be used by QUT’ Department of Facilities internally as a control method of their environmental 
practices and to ensure compliance with the environmental regulations and their guidelines (EPA-US, 1993). The 
environmental audit has also been used to evaluate the impact that waste produced by any activity has on the 
environment, to reduce the risk of harm and to prioritise actions that mitigate the environmental footprint (EPA-VIC, 
2003; Environmental Protection Act 1994). Since 1990 an EA called 53X has been commonly used in Victoria, 
Australia for environmental auditing (EPA-VIC, 2016). See figure 32 for the 53X audit process. 

Application 

Either of the previously mentioned audit tools could be used to evaluate the QUT’s Environmental Performance Plan 
2011–2016. The university plan includes waste management strategy, objectives, approaches and measures (QUT, 
2011). One of the targeted objectives stated by QUT in the plan in relation to waste emission was achieving the 
target of recycling 25% of waste generated by 2014 (QUT, 2011). Knowing how much waste has been produced on 
campus in previous years compared to current waste production helps to establish how effective the QUT plan is. 

Findings 

Regarding assessing the waste management program, both quantitative and qualitative measurement are crucial to 
determine if there is compliance with the standards. It is also important to have an efficient waste management 
program in place. This could include steps such as. 1) Measuring how much waste has been produced on the campus 
and how this is classified (Department of Environment and Heritage Protection, 2012). The measure could be 
obtained by comparing the amount of waste collected within a certain period with the size of the bin that contains it 
(DEHP, 2012). 2) Decreasing the waste that goes to the landfill by using the hierarchy of waste management (DEHP, 
2012). 3) Identifying nearby recycling facilities that contribute to resource recovery using collection contractors 
(DEHP, 2012; & QUT, 2015). 4) Understand waste collection arrangements and contracts and how these affect the 
business practices (DEHP, 2012). 5) Applying a system that ensures adequate collection including appropriate 
signage and guidelines available to cleaners, staff and clients (DEHP, 2012). Separation of materials influences how 
the collection contractors handles waste (DEHP, 2012).  

Discussion  

Proper management of furniture, furnishing and fittings reduces the annual amount of waste that goes to landfill. It 
provides an alternative for those that cannot afford to pay for brand new products and supplies the market with 
parts that can be reused to repair broken items (Business Recycling, 2010). Some of the key approaches to manage 
furniture include reusing and recycling (BR, 2010). There are some products that can be refurbished and reused or 
sold (BR, 2010). Some charities, opportunity OP shops and dealers take advantage of this business opportunity as 
well as the buyers (BR, 2010). Once stripped, some of the fittings can be sold and used again (BR, 2010). Items that 
are not suitable for reuse can still be dissembled and their parts can be separated and sold by type of material (BR, 
2010). For example, timber, plastic and metals. Most of these materials are recyclable through an appropriate 
management system (BR, 2010). Recycling these materials protects the environment by reducing the demand for 
new products and diminishes carbon emissions resulting from their production (BR, 2010). The university can 
contribute to waste reduction and conservation by buying recycled furniture for its use (BR, 2010). Buying second-
hand furniture is also a way to save money, as these products are usually cheaper than new (BR, 2010). A good 
communication strategy between the waste collection contractors, the Department of Facilities and staff at QUT 
play an important role in regards to the management and disposal of furniture, furnishing and fittings (QUT, 2015).  
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Observations 

Audit Scope 

This audit tool intends to collect some information regarding the footprint and handprint produced by QUT during 
operations involving furniture, furnishing and fittings as potential sources of waste. 

Inclusions 

The observations focus only on the management of waste related to furniture, furnishing and fittings in QUT - Kelvin 
Grove Campus. 

Exclusions 

Other sources of waste will not be included in this report. 

Data Collection 

Some of the relevant observations have been collected in the following customized environmental audit checklist 
(Minerals Industry Safety Resources Gateway, 2017). Any missing information has been supplemented with available 
literature that suits the provided scenario. 

Personal Protective Equipment (PPE) 

The PPE required for an environmental audit includes gloves, respiratory protection, sunscreen, sunglasses, visibility 
vest, hearing protection, head protection, foot protection, long sleeved shirt in case the audit is taken during hours 
of high UV presence (SWA, 2017).   

Equipment 

The equipment required for those engaged in auditing processes is as follows:  

 Digital camera with a fully charged battery,  
 Spare fully charged battery,  
 Power bank,  
 Several pens,  
 Printed audit forms and tables,  
 Note paper,  
 Copy of Australian auditing standards,  
 Copy of QUT’s waste management program,  
 Equipment to measure weight,  
 Bag to store and keep documents safe and  
 Mobile device with reliable access to the internet.  

Safety Risk 

The potentials safety risks to an employee or an auditor while auditing furniture, furnishing and fittings include 
injury, musculoskeletal disorders, falls, trips, slips and sun damage to the skin. Safe Work Australia has reported that 
about 90% of the claims from 2014-2015 were due to musculoskeletal disorders and injury (Safe Work Australia, 
2017). 

Auditor 

There some important characteristics that an auditor must have, and these are described as follows (Economic 
Regulation Authority - Western Australia, 2006).  

 Independence, the auditor must not have any conflict of interest related with the business where auditing 
is taking place (ERA-WA, 2006).  

 Duty of care regarding performance and reporting of findings free of bias (ERA-WA, 2006).  
 A suitably qualified person must undertake the auditing (WRRA, 2011). 
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Recommendations 

As a student at QUT, there are several ways to contribute to mitigate the footprint produced on the environment as 
result of our actions. These are as follows. 

 Looking after the furniture, furnishing and fittings available in the campus.  
 Reporting to QUT’s Department of Facilities any issue concerning these items.  
 Buying second hand furniture instead of brand new.  
 Giving away furniture that is no longer needed.  
 Repairing furniture when possible.  
 Sharing information with others regarding how they can be part of these waste reduction initiatives.   

Limitations 

This scoping audit was based on the information available to students on QUT’s website, observations through 
Kelvin Grove campus and online sources that are applicable to this scenario.  

Conclusion  

People are increasingly aware of the need for careful disposal of waste and its impact on the health of the 
environment and the population. QUT at Kelvin Grove produces different kinds of waste. These include furniture, 
furnishing and fittings. When these resources are not managed properly, they are likely to become waste, which 
ends up as landfill. QUT has committed to reduce the amount of waste that goes to landfill through waste 
management strategies that include increasing the recycling of resources before they become waste. It is important 
to point out that the University has adopted the environmental principles of sustainability into its policies and 
guidelines. This means that there are protocols such as an online reporting system, collection points, stores, signage, 
collection systems and information that contributes to mitigate the footprint produced by the business. These 
strategies can be evaluated through environmental audits. An environmental audit is a valuable tool used to 
measure the performance of QUT’s waste program. The outcome of the auditing process contributes to improving 
the current waste management strategies at Kelvin Grove. The waste management hierarchy is also a significant tool 
used during decision-making. For example, when there is a need to acquire new furniture, furnishing and fittings. 
The approach may lead to the reuse of items that have been stored instead of buying more. In summary, QUT can 
play its part in reducing waste production and its adverse environmental effects by the development and 
implementation of suitable waste management strategies that provide for environmental sustainability. 
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3.1.4: Medical and laboratory waste at Kelvin Grove campus  

Introduction 

The Commonwealth of Australia defines waste as any material or item that is supposed to be disposed of by a law of 
territory, state or commonwealth (Sustainable Resource Use, 2012). Although, Northern Territory Environment 
Protection Act 2007 defines waste as any solid, liquid or gaseous material that is residue or remains of any activity. 
In addition, this Act classifies waste into four categories: hazardous waste, domestic waste, clinical waste and 
Putrescible waste (Sustainable Resource Use, 2012). The main concern of this report is medical waste and laboratory 
waste characterised under hazardous waste and clinical waste respectively. According to The United States Medical 
Waste Tracking Act of 1998, medical waste is any solid waste that produced during the treatment, vaccination and 
diagnosis of humans or animals, or while conducting research related to biology or living organisms (Windfeld & 
Brooks, 2015). Laboratory waste include different sorts of waste depending upon type of laboratory. It may range 
from general waste to hazardous chemicals, UV radiations, and biological waste etc.  This report will be looking at 
medical and laboratory waste management at Kelvin Grove (KG) Campus of Queensland University of Technology 
(QUT) and the footprints and handprints of waste management system of the campus. This report will be of great 
importance to the campus towards improving waste management strategies as well as providing a defined goal of 
environmental sustainability to the management.  

Discussion 

Medical waste 

Komilis, Makroleivaditis & Nikolakopoulou (2017) states that about 85% of medical waste is non-hazardous, 
whereas, remaining 15% is hazardous waste that is infectious or toxic in nature. People for examination of blood, 
urine or faeces use medical microbiological laboratories on regular basis. In Queensland and Northern New South 
Wales, there are 24 QML laboratories and more than 635 collection centres (QML pathology, 2017). QUT KG campus 
has a QML pathology, which is the main source of medical waste. The waste produced in pathology labs include 
blood and blood products, sharp waste such as needles, cultures and stocks, unwanted medical plastic, radioactive 
solutions (Cesaro & Belgiorno, 2017) and chemical waste (Shematek, 2013). Appropriate management of medical 
waste is extremely important as it contains pathogens and toxic material; therefore, every medical facility is 
required to follow waste management policies, as is QML pathologies. Australian QML pathologies manage waste as 
shown in fig. 33. All the hazardous waste are categorised into infectious, cytotoxic and radioactive waste and 
represented with varied symbols. Infectious waste such as swabs, gloves and disposable drapes should be disposed 
in yellow bags with a black biohazard symbol on it, cytotoxic waste should be disposed in a purple bag with a 
cytotoxic waste symbol and radioactive waste should be disposed in red bags with black radioactivity symbol on it. 
The waste is then sealed and disposed according to the Queensland Refuse Management Regulation (QML 
Pathology, 2017). Despite these waste management strategies, question arises, if the pathology is contributing to 
waste reduction and environmental sustainability. Is this policy is sufficient for adequate waste management?  

In order to address the footprints and handprints of medical waste, the pathological waste is divided according to 
the sources as follows: 

 Sharp Needles, syringes, vials or bottles used to fill the syringe: According to the Department of 
Environment and Heritage Protection (2015), disposal of sharps depends upon its area of generation. For 
instance, sharps used to inject cytotoxic drug should be disposed in cytotoxic waste, sharp containing 
radioactive material should be disposed in radioactive waste and those used for tetanus injections and 
similar, should be disposed in clinical waste. As discussed above, QML pathology use specific containers to 
dispose these waste as indicated in fig. 33. However, there is no evidence provided in the reference manual 
of the pathology if the waste is placed in rigid, leak-proof container with a tight lid. Whereas, Clause 7.2.1 of 
HB 202-2000 (2017) states that the containers to place this waste should be large, resistant to fluid and 
adequately sealed to prevent spillage. In addition, the standard also states that the containers should be 
well designed using the material that could not produce harmful emissions. 

 Anatomical waste: Anatomical waste includes small tissues such as skin, moles. Environmental Protection 
(Waste Management) Regulation (2000, S. 5), states that this type of waste must be treated with chemical 
disinfectant such as lime and hydrogen peroxide or incinerated and shredded before going to landfill. QML 
pathologies also treat and dispose waste as per the requirements of this legislation (QML pathology, 2017). 
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 Medicines: The Department of Environment and Heritage protection (2015) states that the cytotoxic drugs 
should be incinerated at 1100°C before disposal.  

 PPE (facemasks, gloves): This waste is disposed in a yellow bag with black biohazard symbol in the 
pathology. The gloves used for housekeeping are rubber household gloves that can be used while working 
with blood, used instruments and decontamination. These gloves could be decontaminated for reuse (QML 
pathology, 2017).  

 Chemical waste (Diagnostic kits including chemical reagents, chemical disinfectants, resins, adhesives): 
QML pathology (2017) states that all the chemicals should be labelled with their name, any hazard, 
procedure and cleaning after accident as shown in fig. 33. One of the limitations with this explanation is 
that it does not explain the procedure for chemical treatment and disposal options is not given in the 
reference manual of QML pathology. Department of Environmental and Heritage Protection (2015) explains 
incineration and neutralisation as acceptable methods of treatment before chemical’s disposal into landfill.  

 Radioactive waste: The only information found in the pathology website for radioactive waste 
management is use of red bags with black radioactivity symbol. The weakness with this information 
however, is that it does not explain about handling and disposal of radioactive waste. According to HB 202-
2000 (Clause 13.6, 2017), radioactive waste should be handled in such a way that the radiation exposure is 
minimum. Also, there should be a radiation safety officer for handling, storage and disposal of the waste. 
The radioactive waste should not be disposed without it reaching the specific limit of concentration (HB 
202-2000, Clause 13.6, 2017). 

 

The waste management strategies of QML pathology at KG campus are not completely clear, because limited 
information is available from their website. The reference manual for the pathology lab only describes about the 
storage of waste and not about its treatment and disposal. They might have treatment and disposal policies, but due 
to limited access to public, it was not possible to obtain wide information. 

Laboratory waste 

In terms of laboratories in the campus, Institute of Health and Biomedical Innovation (IHBI) is a building having eight 
(8) main laboratories including genomics laboratories, UV radiation laboratory, primary cell culture laboratories, gait 
laboratory, vision laboratories, driving simulator, incubation space and PC3 laboratories (Institute of Health and 
Biomedical Innovation, 2016). The University of Queensland (2015) divides laboratory waste into four main types:  

 Chemical waste: Any kind of waste that is chemical in nature and is hazardous to health is known as 
chemical waste. It could be solid or liquid chemical waste (UQ Guide to Laboratory Waste Disposal, 2015). 
QUT has its Chemical management procedure accessible only to staff, according to which the chemicals are 
managed. All the supervisors, managers and officers are responsible for safe chemical usage, handling, 
storage, transportation and disposal. The procedure states high risk chemicals at QUT, chemical risk 
management, signage and placards, chemical stocks, chemicals import and supply, location of chemicals, 
explosive and hazardous areas and gas cylinder safety (QUT Manual of Policies and Procedures, Ch. A/9.8.4, 
2015). Records of each chemical and chemical register are updated regularly. Also, records for the 
carcinogens are kept for at least 30 years. Staff and students of QUT are well trained to handle chemicals, 
fill safety data sheets, and manage spills. Separate registers are available for Security Sensitive Ammonium 
Nitrate (SSAN) (QUT Manual of Policies and Procedures, Ch. A/9.8.5, 2015). Regarding chemical waste 
management at QUT, Department of Health, Safety and Environment ChemStore is responsible. All the 
laboratories generating waste are individually responsible for the handling and management of waste 
generated through an approved contractor through ChemStore. ChemStore regularly collects waste for 
disposal from the specific pick up point on campus (QUT Manual of Policies and Procedures, Ch. H/4.2.3, 
2015).  
Moreover, disposing laboratory glassware and chemical bottles containing residue is an offence according 
to Environmental Protection Act 1994 (Qld) (QUT Health, Safety and Environment Alert, 2017). Therefore, 
removal of residue and defacing labels is necessary as it can pose serious hazard to contractors. If residue is 
present in bottles, a licenced contractor should dispose of it (QUT Health, Safety and Environment Alert, 
2017).  

According to QUT Waste Management, 2017, environmental sustainability at QUT is maintained through 
Green Purchasing policy under which QUT is committed to purchase sustainable goods and services. The 
purchase of these goods should reduce damage to health and environment (QUT Manual of Policies and 
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Procedures, Ch. G/5.3.5, 2015). On the other hand, University of Queensland has wider “Chemical Waste 
Operating Procedure” that give better understanding of chemical waste management in a sustainable 
manner (UQ Chemical Waste Operating Procedure, 2014). According to this paper, firstly waste is avoided 
by minimising ordering quantity, replacing hazardous waste with less hazardous waste, educating staff. 
Secondly, reuse and recycling is encouraged before disposal. At last, the waste disposal should be done 
according to its nature. The sewerable substances must be tested for its solubility, pH and toxicity whereas 
non-sewerable should be disposed in specific type of containers. QUT has a Chemical Management 
procedure, however not accessible to students. 

 Clinical and related waste: UQ Guide to Laboratory Waste Disposal, 2015, defines clinical waste as a 
contaminated or infectious substance that can act as either source or a carrier. The genomics laboratories, 
PC3 laboratories and primary cell culture laboratories in IHBI produces clinical waste. In QUT campus, this 
waste is collected in 120 or 240L lockable bins by pathology waste services from user areas (QUT MOPP, Ch. 
H/4.2.4, 2015).  

 Animal waste: The UQ Animal Wastes Operating Procedure (2011) describes the procedure for managing 
animal waste. Firstly, animal waste should be collected in green bins with light green lid marked as animal 
waste bin. These bins should not carry more than 40kg weight. Secondly, animal waste should be stored in 
cool and well-ventilated places and the area of storage should be restricted to public. An approved 
contractor according to Transport Operations (Road Use Management) Act 1995 then transports the waste. 
Finally, waste is treated before disposal using rendering and compositing methods by licenced facilities (UQ 
Animal Wastes Operating Procedure, 2011). However, there is no specific procedure of animal waste 
disposal in QUT.  

 Radioactive waste: A specialised UV radiation laboratory in IHBI produces radioactive waste. Radiation 
waste at QUT is managed by Radiation Safety Officer, who is responsible for complying with legislation 
while disposing of radiation wastes. The user according to National Health and Medical Research Council 
(NHMRC) guidelines (QUT MOPP, Ch. H/4.2.3, 2015) documents the disposal of this waste. However, the 
procedure for radioactive waste disposal is not available on QUT website. 

 

The laboratory waste at QUT in IHBI is very well managed in terms of storage, handling, transportation and disposal. 
As said by QUT Vice-Chancellor, Peter Coaldrake, there are 92 research projects running at the university that are 
committed to apply sustainable principles (QUT Sustainability, 2017). However, there are not specific procedures 
given by QUT that describes the ways to reduce environmental footprints. 

Recommendations 

 The UQ Sustainability (2017), developed various recycling strategies including electronics, paper, 
polystyrene, cardboard, glass, mobiles, plastics, aluminium cans, furniture and scrap metal. Thus, they have 
reduced 47% waste going to landfill since 2002. Fig. 35 shows environmental sustainability framework 
developed by UQ, which could be used by QUT for better environment.  

 QUT should make sure that the contractors are also treating and disposing waste in a sustainable manner 
such as use of autoclaving instead of incineration. As incineration releases harmful toxins into the 
environment while burning medical waste, therefore, autoclaving is considered an environmentally friendly 
method (Windfeld & Brooks, 2015). 

 The medical equipment used in the QML Pathology and the campus should be substituted with quality 
equipment that produces less toxins while incinerating. Presence of polyvinyl chloride (PVC) in equipment is 
the main cause of chlorine release in the environment thus, the suppliers should be encouraged to produce 
and supply goods with little or no PVC (Windfeld & Brooks, 2015). 

 Appropriate waste sorting is very important, because if non-infectious waste mixes with infectious waste 
erroneously, that lead to higher cost of its treatment (Windfeld & Brooks, 2015). Therefore, regular 
induction and training should be provided to staff and students on correct waste disposal.  

 Green Labs of The University of Queensland (n.d.) provides a method to reduce waste at different levels of 
waste management. These are as follows: 

o In order to reduce resources, the size of research should be small, so that it could only meet 
research objectives. 

o Washable gowns and other equipment should be used where possible instead of disposable 
material. 



Page | 81 
 

o Unnecessary use of equipment should be avoided. 
o The chemical bottles could also be reused where possible.  
o Minimum amount of chemical should be ordered as per requirement. Thus, developing a chemical 

inventory is important to reduce excess ordering. 
o Excessive and expired chemicals could be shared with other facilities to prevent wastage. 
o Appropriate containers should be used to store chemicals to prevent leakage. 
o Disposal manual should be established and updated regularly in laboratories. 

Limitations 

 The data collected for QML Pathology waste is based only on a reference manual, because there was 
restricted public access to the information on the website. Therefore, it may create biasness. 

 Similarly, the access to laboratories was limited therefore; information was gathered from QUT website. 
 It is commonly said “we cannot judge a book from its cover”. Likewise, even though the policies for waste 

management are provided in the campus, it is hard to say that staff and students are complying with these 
policies. 

Conclusion 

In conclusion, waste generation is a burden on the environment. Due to rapid increase in population, waste 
production is also increasing. Adequate management of waste especially infectious and hazardous waste produced 
from medical facilities and laboratories becomes very important. The most common wastes produced from medical 
facilities and laboratories are chemical waste, radioactive waste, animal waste and clinical waste. As per the 
information obtained from QML pathology and IHBI, various strategies such as labelled containers, reuse and 
recycling have been used for appropriate waste management and environmental sustainability. However, in 
comparison with other universities, certain areas need to be improved on, for instance, developing strategies for 
waste minimisation, adequate procedure for managing waste from all sources, treatment and disposal methods. 
Therefore, QUT should take steps to conduct further research and grant permissions to researchers to access the 
medical facilities and laboratories for findings that may contribute towards environmental sustainability in future.  
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Figure 26:  Symbols for hazardous waste obtained from QML Pathology Reference Manual.  

 

Figure 27: Environment Sustainability Framework (The University of Queensland). 
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3.1.5: Organic waste (Landscape and garden waste) 

Author: Katherine Arrendondo Lopez 

Introduction  

Organic waste has been defined as a type of waste that is biodegradable. This means that it has the capacity to be 
decomposed by bacteria anaerobically or aerobically (Organic waste, 2012). According to section 44 of the Waste 
Reduction and Recycling Regulation 2011, organic waste includes “any substance used for manufacturing fertiliser, 
animal manure, bio solids, paper and cardboard waste, fish processing waste, food and food processing waste, plant 
material, poultry processing waste and waste generated from abattoir”. For this report, only food waste and plant 
material (garden/green waste) will be addressed. 

The Department of Environment and Heritage Protection (2017) has identified household organic wastes such as 
green and food waste as priority products due to their high disposal impacts (greenhouse gas emission and toxicity), 
and social impacts (community disturbance and amenity). Therefore, organisations are encouraged to develop 
action plans to manage these priority wastes. For this reason, Queensland University of Technology (QUT) is 
committed to creating strategies towards environmental protection and sustainability. As such, QUT has developed 
an Environmental Performance Plan which aims to strengthen the management of environmental sustainability by 
the implementation of environmentally sustainable programs including waste program to address issues related to 
carbon footprint (indirect air emission), waste and resources recovery, soil contamination and environmental 
awareness, responsibility and sustainable behaviours (Queensland University of Technology, n.d). 

This report will provide information regarding organic waste and the ecological footprint and handprint derived from 
this environmental issue. Additionally, an environmental audit tool will be recommended for use at QUT KG campus. 
Posteriorly, a brief discussion of the finding will be given, and some recommendations will be provided to reduce the 
footprint and increase the handprint generated by organic waste. 

Literature review 

Currently, society awareness about environmental problems has progressively increased and governments have 
proposed diverse development alternatives that are more sustainable over the time (WWF, 2014). However, 
according to Boldrin, Andersen and Christensen (2011, p.1560), the amount of garden waste generated per person 
has dramatically increased in Denmark in the last decade (67 kg person/year in 1994 and 143 kg person/year in 
2006). In turn, the study conducted by Schott and Andersson (2015, p.219) demonstrated that food waste 
represents a considerable proportion of the municipal solid waste that is generated by households in EU. 
Additionally, the authors reported that each EU citizen generates 280 kg of food waste annually. 

Garden waste is produced during the maintenance of private gardens and public parks. This kind of waste consists of 
organic materials such as grass clippings, hedge cuttings, flowers, leaves, and wood; and inorganic materials 
including soil and stones (Boldrin & Christensen, 2010, p.551). Garden waste is highly reusable and compostable if it 
is contaminant free, which means that it is not contaminated with other types of waste (1 Stop Landscape Supply & 
Yard Waste Recycling facility, 2015). 

Food and kitchen waste is defined as bio-waste derived from households, food retails, caterers and food processing 
plants (Schott & Andersson, 2015, p.219). Food waste represents a high environmental issue worldwide. Australia, 
for example, accounts for approximately four million tonnes of food waste per annum, which is equivalent to $8-10 
billion thrown out to the landfill. However, the environmental problem is not only the amount of waste which ends 
up in the landfill but the squandering of resources such as water, land, energy, labour and capital and the production 
of greenhouse emission attributed to food waste (Ozharvest, n.d). 

Ecological footprint vs ecological handprint 

The ecological footprint is recognised as one of the main indicators of sustainability. The environmental impact to 
ecosystems by the human population can be calculated with this term which is equivalent to the biologically 
productive area (amount of land) required to produce the resources used and absorb the waste generated by a 
population (Villalobos & Castillo, 2015, p.3). Whereas ecological handprint is the intentional positive actions taken 
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by individuals and community to address behaviours towards sustainability. This concept involves the participation 
and commitment of everyone to combat environmental issues (Centre for Environment Education, n.d). 

 Footprint on environment 

The environmental impact of not recycling organic waste is becoming apparent as landfills are running out of space 
that can be used for non-recyclable items. This results in the use of waste management practices that have a 
negative impact on the environment such as burning or burying waste, which exacerbates climate change through 
uncontrolled greenhouse gas emission (1 Stop Landscape Supply & Yard Waste Recycling facility, 2015). Another 
detrimental impact on the environment arises when the organic waste breaks down. This decomposition process 
produces methane emissions and acidity. 

Methane is a greenhouse gas that is considered 22 to 75 times more potent than carbon dioxide and has dangerous 
repercussions on human health and climate (Food and Agriculture Organization of the United Nations, 2013, p. 87). 
In addition, acidity causes other chemicals to spread faster and creates a toxic mixture known as leachate (Clean up 
Australia, 2009). The effects on leachate are detrimental due to the capacity to seeps into the ground water and 
waterways causing water pollution (1 Stop Landscape Supply & Yard Waste Recycling facility, 2015) and depletion of 
oxygen leading to death of marine animals (Organic waste, 2012). 

Additionally, organic waste contains different pollutants such as pathogens, parasites and bacteria that when 
disposed in the land or waterways can lead to the spread of communicable diseases posing a high risk on public 
health (Organic waste, 2012) 

 Handprint strategies  

Educational waste reduction strategy is one of the most assertive method to minimise the amount of waste 
deposited in landfills (Haswell, 2017, p.7) and decrease the environmental impacts resulting from solid waste (Schott 
& Andersson, 2015, p.219).  

Schott & Andersson, 2015, p.220), argued that food waste should be treated with anaerobic digestion and 
composting of organic waste. The anaerobic digestion is an attractive solution for organic waste as it decomposes 
and transforms into biomass fuel useful in energy production (Boldrin et al, 2011, p.1560). This process of energy 
recovery is a beneficial use of organic waste, which is a valuable resource for a sustainable energy future (FAO, 2013, 
p.53). 

Composting is another beneficial way to reduce contamination and greenhouse gas emission. Composting is a 
process where the waste materials are recycled and transformed into a compost, which is a rich soil supplement that 
is used in gardens as organic fertiliser to fuel plant growth and restore vitality to depleted soil (Clean up Australia, 
2009). 

These strategies are widely used in different organisations and governments and can be applied to QUT KG campus. 

Environmental audit tool 

An environmental audit is a review of the impacts that the development of an activity may have on the 
environment. The main purpose of the audit is to ensure organisational compliance with legislative requirements 
when developing the activity (Audit tool, 2013). This report aims to recommend a suitable method/tool to best 
measure and monitor the footprint and handprint related to the organic waste generated at QUT KG Campus. 

This is significant to QUT KG, as the application of the waste audit tool will provide a report that may be helpful to 
stakeholders such as local government workers, waste contractors and QUT Environmental Health Officers. 
Stakeholders are interested in information regarding issues identified during the audit process with the aim of 
improving an organisation’s organic waste management or subsequent audits (WA DEC, 2008, p.29). 

For this report, a quantitative tool (see appendix Y) is recommended to monitor the amount of organic waste 
generated within QUT Kelvin Grove campus and the disposal methods utilised by this organisation. Additionally, it 
provides information in regards of frequency of collection of the waste and a percentage representation of the food 
waste and green waste produced (Source Separation systems, 2013). 

This audit tool can contribute to raise recommendations to improve the sustainable practices implemented to 
minimise QUT organic waste and thus, help the organisation in reducing the adverse environmental and social 
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impacts associated with this material and demonstrates QUT commitment to environmental responsibility (The 
University of Queensland Australia, 2011, p.4) 

To have a more reasonable result of the amount of waste generated, QUT Kelvin Grove has to perform more than 
one audit during the year and take into account the season and the weather in which the sample of green waste is 
collected for the audit. This is important because during unseasonable weather QUT may not require gardening and 
this can affect the sampling collection (WA DEC, 2008, p.10) 

The application of the proposed audit tool requires the use of some equipment such as rake with a long and short 
handle, knife with retractable blade, small container of known volume for weighing the organic waste material, a 
sorting table, a scale, tongs, pens, data sheet, calculator, broom, camera and rubbish bags. The adoption of these 
instruments within the organic waste audit at QUT Kelvin Grove contributes to a safer auditing and generation of 
valid and accurate data (WA DEC, 2008, pp.26, 53) 

 Occupational health and safety risks associated with the organic waste performance 

According to WA Department of Environment and Conservation (2008, p.24), the activities involved in a waste audit 
can be potentially hazardous to the participating staff. Some of the risks associated with the sample collection 
during a waste audit include: skin puncture due to contact with a sharp object, fall/slip injury, exposition to odorous 
materials and dust, muscular injury from lifting waste, skin burn from chemical contact or sun exposure, animal/ 
insect bite, eye injury due to dust or chemical, dehydration and fatigue from collection procedures, vehicle accident 
while transporting waste and waste spill that can cause water or land contamination (WA DEC, 2008, p.40). 

For this reason, it is essential to follow precautionary safety procedures which include the use of personal protective 
equipment. Additionally, personnel participating in the audit must be vaccinated against Tetanus, Hepatitis A and B 
and provide evidence that they meet these requirements (WA DEC, 2008, p.47). 

 Recommended personal protective equipment (PPE) 

To prevent the exposure or contact with hazardous materials and reduce the likelihood of injuries while performing 
the organic waste audit, it is recommended that  staff use PPE such as broad brimmed hats, overalls, safety foot 
wear (hard bottomed, non-slip, steel capped boots), dust mask, gloves and safety glasses. Other safety equipment 
includes industrial first aid kit, eye wash kit, trolley and mobile phone. It is also important to provide liquids to keep 
hydrated and encourage the use of sunscreen (WA DEC, 2008, p.46). 

Discussion  

Although anaerobic digestion seems to be an impressive method to reduce the negative impact on the environment 
from dumping organic waste in landfills, some local governments are reluctant to implement this method as it is 
very expensive, and the efficacy of the process relies on the constant waste supply (FAO, 2013, p. 89).  Additionally, 
it may create an unfavourable behaviour on people as it could divert the attention from the importance of recycling. 

For this reason, further research and review of the literature becomes an important part of waste management 
system for any organisation. Researching provides the knowledge to evaluate and weigh the advantage of using one 
method over another by considering the impacts on the environment. For instance, in terms of best practices, the 
University of Queensland is continually proposing research projects and programs to manage the organic waste 
generated within the university by recycling this material and converting it into fuel, generating composting 
materials or using the methane as a carbon source to produce biological products instead of heat (The University of 
Queensland, n.d). 

Recommendations 

QUT should reinforce strategies to reduce the amount of organic waste generated through the implementation of 
campaigns and behaviour change programs to promote responsible consumption and purchase of products (buying 
products that people really need) and waste avoidance, reuse and recycling. 

Further research is required to evaluate options for managing QUT’s organic waste including food waste and garden 
waste to ensure that this type of waste is diverted from the landfill to avoid the greenhouse gas emission on the 
environment. 
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Limitations 

The limitations of this scoping review were the lack of access to QUT information regarding this topic. Additionally, it 
was difficult to find the methods utilised by QUT to manage the organic waste as interviews and on-site inspection 
on site were not allowed. 

Conclusion 

In conclusion, this report has given evidence that disposing organic waste into landfill increases the ecological 
footprint generating detrimental environmental impacts such as increased land scarcity, climate change, air 
pollution, water pollution and public health issues. This is the reason why landfill should be the least strategy for 
organic waste management.  Additionally, this report has outlined the ecological handprint that an adequate waste 
management brings to the environment demonstrating that the contribution to the reduction of the environmental 
footprint depends on everyone and it can simply begin with reducing the amount of waste generated. Furthermore, 
this report has recommended an organic waste audit tool to capture the environmental management issues present 
at QUT KG campus as well as showing the safety parameters that should be considered when conducting the waste 
audit to reduce the risks related to this activity. 
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4.1.1: Overview of Australia’s food production footprint and handprint: food production 

Author: Jing Yi Han 

Literature review 

The ecological footprint is a commonly used tool to measure the biological, land and water area for people’s 
resource consumption and waste management (Wackernagel and Rees, 1996). Its unit of measurement is global 
hectares. The ecological footprint is linked to every step of the food production chain including production, 
processing, distribution and preparation, contribution to greenhouse gas emission, resource scarcity, land 
degradation, biodiversity loss, pollution and environmental degradation (Bradbear and Friel, 2011).  The priority of 
this report is given to food production as the emissions of other steps are involved in industry, travel and housing 
footprints. 

Food production plays a significant role in ecological footprint. Kitzes, Peller, Goldfinger and Wackernagel (2007) 
identified the ecological footprint is associated with six categories of land use type: cropland, grazing land, fishing 
grounds, built-up land, forest area and carbon demand on land. Based on 2010 edition of calculation methodology 
for national footprint accounts, the national ecological footprint is the total derived by adding global average bio 
productive hectares of each land types together (Ewing et al., 2010). In this report, the food footprint is viewed as 
the sums of biocapacity of grazing land, cropland and fishing ground. 

A growing recognition of the relationship between food production and the ecological footprint is acknowledged 
within Australia as well as the whole world. Based on data collected by the Global Footprint Network, in 2013 food 
production contributed nearly 27 percent of the world ecological footprint. In Australia, almost 35 percent of the 
ecological footprint is determined by food production. Roughly, the sums footprint of grazing land, cropland and fish 
ground are regarded as the total footprint of food production. In detail, grazing land, cropland and fish ground 
account for 5.8 percent, 29 percent and 1.4 percent of Australia’s ecological footprint respectively (Global Footprint 
Network). 

       

Figure 28: World ecological footprint by land type taken from Global Footprint Network. 
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Figure 29: Australia ecological footprint by land type taken from Global Footprint Network 

According to Global Footprint Network, Australia has the seventh biggest ecological footprint per person. As 
indicated in table 13, the per capita footprint of food production in Australia is significantly higher than the world’s 
per capita footprint of food production. Australia had 2.84 global hectares per person. However, the world’s per 
capita footprint of food production was 0.8 global hectares per person. 

 cropland grazing land fishing grounds total  year 

Australia 2.21 0.51 0.12 2.84 2013 

World 0.55 0.16 0.09 0.8 2013 

Table 12: Global hectares per person taken from the Global Footprint Network 

The ecological footprint is firmly embedded in the environmental sustainability. Two main environmental indicators 
of sustainable food production: greenhouse gas emission, water usage will be expressed in this part of the report  

 Greenhouse gas emission  

The greenhouse gas released by food production including a series of human-induced and natural processes 
contribute to the world’s climate change. The total amount of methane (CH4), nitrous oxide (N2O) and carbon 
dioxide CO2 released by food production is calculated as the greenhouse gas of food production. Specifically, the 
greenhouse gas is released during decay or burning of biomass, feed digestion, the use of fertiliser and manure 
containing nitrogen and carbon, rot or biodegradation of organic matter, nitrogen leaching and atmospheric 
deposition (Department of the Environment and Energy, 2016). In Australia, feed digestion process by ruminant 
animals contributes the greatest part of carbon dioxide emissions (Altman and Jordan, 2008). To date, limited 
researches are reported on greenhouse gas released from fishing industry and intensive marine aquaculture. More 
studies should be carried out.   

In Australia, the Clean Energy Act 2011 introducing the carbon tax came into effect in 2012. Although farms and 
fishery businesses are not directly charged for greenhouse gas emissions, farms and fishery businesses are affected 
through the increasing price of energy (McHenry, 2009). 

 Water use 

Agricultural industry consumed 10410 gigalitres of water in Australia from 2014-2015, which accounts for 59.9 
percent of total volume of Australian water consumption (ABS, 2016). As Australia is the world's second driest land, 
the agriculture industry places an enormous pressure on Australia’s water resources. In Australia, fruits and 
vegetables highly rely on irrigation systems. Compared with agricultural products, livestock consumes a higher 
volume of water (Bradbear and Friel, 2011). Besides, irrigation water should be introduced to large water-
consumption agricultural industry, because the water efficiency is increased with the usage of the irrigation water 
system usage.  

As above, a growing recognition of the relationship between food production and the environment is acknowledged 
within Australia as well as the whole world. However, there is still a perceived lack of legislations and policies around 
the world because of the limited understanding of the impacts of food production on the environment.  

Audit Measure 

Scope 

The national footprint is a primary management tool, which can be used to judge whether unsustainability occur 
(Wackernagel and Yount, 1998). It can be used to examine the equality of the ecosystem among and within nations 
and regions (van den Bergh and Verbruggen, 1999). The determination of the food production measurement is to 
establish an overview of Australia’s food production sustainability. The organisational boundary of food production 
assessments are the total farms and fisheries located within Australia. The other farm or fishery measurement and 
assessment boundaries which are suitable for national application are: 
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Cropland: The amount of the harvested product. The national productivity of the individual product per unit area, 
yield factors, equivalence factors. 

Grazing land: The amount of feed required, the amount of feed from general marketed crops, the amount of feed 
from crops grown specifically for livestock, and the amount of feed residues.  The national productivity of the special 
product per unit area, the amount of feed required, the amount of feed from market crops, the amount of feed from 
crops grown specifically for livestock, the amount of feed residues, yield factors, equivalence factors. 

Fishing ground: The amounts of the harvested product, total continent shelf areas and inland fishing ground, 
estimated sustainable catch for specific species, the hierarchical level of the specific species in the ecosystem, yield 
factors, equivalence factors. 

National Footprint assessment 

The ecological footprint calculation for cropland, grazing land and fish ground is listed as follows: 

where: 

P stands for the amount of harvested crop 

Yn stands for the national average productivity per unit area 

YF stands for yield factor. The yield factor varies by different country, land type and time periods. The yield factor 
can be obtained by visiting the Global Footprint Network Public Data Package. 

EQF stands for equivalence factor. The equivalence factor demonstrates the differences in land type productivity 
amongst various countries. Thus, it varies by land type and year. The global footprint network publishes and renews 
the equivalence factors regularly.  

 Cropland 

Cropland, a human created land type is the most bio productive land use type compared with other land type 
involved in National Footprint Account (Ewing et al., 2010). It reflects the amount of land needed to satisfy humans 
and livestock consumption (Lin et al., 2016). According to the National Footprint Account, the footprint of cropland 
is calculated based on the production of 164 crops (Ewing et al., 2010). Thus, to measure and assess Australia’s 
cropland footprint, the sum of harvested crops should be collected by local governments before putting all the data 
together. Besides, the national-average yield for different crops (Yn) should be calculated for establishing an 
overview of national cropland footprint.  

  Grazing land 

The footprint of grazing land focus on the area of grassland required by livestock farming. The amount of biomass 
provided by grazing land is calculated as follows:  

where: 

TFR is the total amount of required feed 

FMkt is the amount of market crops 

FCrop is the amount of forage crops 

FRes is the amount of feed residues 

To calculate the national ecological footprint of grazing land, the total feed requirements of all livestock should be 
measured. Besides, a feed profile should be established to demonstrate the proportion of feed demand from market 
crops, forage crops and feed residues respectively (Justin et al., 2007). 
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 Fishing ground 

The fish ground ecological footprint reflects the sustainability of the aquatic system. The calculation of fishing 
grounds ecological footprint is the most complex one (Ewing et al., 2010). The national productivity of fishing ground 
is calculated based on the sustainable harvest and the total areas of continental shelves.  

where: 

PPS stands for the national sustainable harvest  

Acss stands for the total areas of continental shelves and inland fishing grounds 

More than 95 percent of marine fishing grounds are continental shelves. Besides, studies about the outside 
continental shelves are inadequate. Thus, the other part of marine fishing ground is excluded from calculation 
(Justin et al., 2007). To establish the national fishing ground footprint, the total areas of continental shelves and 
inland fishing grounds should be measured. 

The calculation of PPS is listed as follows: 

 

 

CC stands for the amount of carbon content of wet-weight of fish biomass.  

According to Pauly and Christensen (1995), the carbon content of fish biomass is 1/9 per unit per weight. DR is the 
discard rate of bycatch which is 1.27 (Pauly and Christensen, 1995). TE means the transfer efficiency of the aquatic 
ecosystem. Based on the research conducted by Pauly and Christensen (1995), TE is 10%. TL stands for the 
hierarchical level of the particular species in the ecosystem. Qs,i is the sustainable catch data provided by the United 
Nation’s Food and Agriculture Organization (Lin et al., 2016). 

Recommendations 

Sustainable food production relies on having healthy natural resource, such as land, water and marine, that should 
be used wisely, protected and planned. In Australia, a range of environmental policies can be implemented to 
reduce the negative impacts on the environment by managing the key environmental issues, including agricultural 
production, land management, water use, nature conservation on farms and over integrated management 
(Sustainable Agriculture, 2013). For example, the Policy for Sustainable Agriculture in New South Wales (2011). 
Except for the implementation of policies and regulations, Australian government can take actions to make 
contribution towards reducing the negative environmental impacts on ecological sustainability. 

Land 

Despite that Australia has the world’s highest arable land per capita. As the land purposes consistently change, both 
state and territory governments should take responsibility to plan the future land use carefully (Australian 
Government, 2013). Recognising this, Australian government has established several frameworks to assist decision-
making in States and Territory, including the National Urban Policy (2011) with consideration of the influence on 
land from urban expansion, the Multiple Land Use Framework (2013) with resolution of land use issues in relation to 
agriculture.  Furthermore, national government will continue to put effort in collecting and analysing data and land 
use information to help land planning and address other issues like sustainable resource management. 

Soil 

Soil, in nature, is a kind of non-renewable resource due to slow formation and rapid degradation (Food and 
Agriculture Organization of the United Nations (FAO), 2013). To raise the awareness of the critical role of soil in 
sustainable food production, Australian government has appointed the Advocate for Soil Health to engage with the 
communities, corporations and scientists in the challenges, solutions and success raised from the healthy use of soil. 
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Additionally, through Caring for Our Country Program (2013-2018) and Carbon Farming Futures Program (2017), soil 
condition can be improved by sustainable and innovative practices and carbon emission reduction in soils. 

Water 

Australian food system significantly relies on the reliable quality water; therefore, it is important that Australians are 
using their water effectively. To improve the water use efficiency in food production industry, Australia has started 
the National Water Initiative (2004) with a significant part of Murray–Darling Basin Plan (2012) that includes a huge 
investment in infrastructure to improve water use planning and efficiency, and support improvement in irrigation for 
a less water use future.  

Also, at the national level, more things can be done to reduce the ecological footprint of food production in 
Australia, such as: 

 assisting farmers to improve sustainable practices;  
 reducing or eliminate the use of hazardous pesticides and fertiliser;  
 establishing national sustainable agriculture system;  
 developing measures to minimise the waste generated during the whole food production system;  
 raising the awareness and acknowledgement of sustainable agriculture and food system;  
 increasing the use of renewable resource instead of fossil fuels; and 
 investing in research, development in and extension in eco-agriculture. 
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4.1.2: Overview of Australia’s food consumption footprint and handprint: Food packaging, 
consumption and waste 

Author: Omar Awwadh M Alghamdi 

Abstract 

In this paper, an overview of Australia’s food consumption ecological footprint with focus on food packaging, 
consumption and waste is presented.  

Introduction and background 

What is an ecological footprint? 

An ecological footprint can be defined as the amount of land required to produce the natural resources that a given 
population needs to consume as well as for the assimilation of the corresponding waste created by the same 
population.  Through the association between consumption and lifestyle as well as the available ecological space, 
the calculated ecological footprint can demonstrate the principles of balancing capacity and sustainability.  Many 
detailed studies have been done on Australia’s present rate of food consumption footprint in the context of 
production, but this paper aims to focus on a review of the ecological footprint in terms of food packaging, 
consumption and waste in Australia.   

The wastage as well as unnecessary loss of food presents a global issue that affects the global economy, society and 
environment.  Food waste is a major issue in Australia. In the year 2013, it was documented that food wastage cost 
Australian homes over $8 billion every year. A government report published in the year 2011 estimates that 
Australians at present create 361 kilograms of food waste each year per individual. The ecological as well as 
environmental impact and cost of this is quite high and is inclusive of greenhouse gas emissions.  In 2011 in 
Australia, it was documented that approximately 6.8 million tonnes of carbon dioxide have been emitted into the 
atmosphere as a direct result of disposing organic food waste into landfills (Australian government, 2016).  Thus, 
there is an urgent need to assess as well as monitor the ecological impact of food consumption, packaging and waste 
so that more efficient steps can be taken to reduce the Australian carbon footprint in this context. 

Literature review 

It has been estimated in previous studies that the overall ecological footprint of an average Australian contributes 
about 6 hectares per capita. This figure constitutes an amount which is approximately four times the present 
globally available ‘fair share’. This makes Australia one of the top 5 extremely high consumption countries on the 
planet.  Such evidence based results bring into focus the unsustainable global characteristics of the average 
Australian lifestyle, especially in terms of the extremely high amounts of energy as well as animal products 
consumption that is the norm of the day.  At present, there is a huge level of inequity between developed Western 
nations like USA, UK, other European nations, Australia and developing nations in the ecological footprints from food 
packaging, food consumption and food waste, (Simpson et al., 2000) (see table 14 below). Despite the ever-
increasing issues of climate change and the high rate of global population growth; the pathways for decreasing the 
ecological footprint sustained from food comsuption, packaging and waste are increasingly being developed but not 
properly executed due to inadequate data in the Australian context.  
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Table 13: Ecological footprint of Australia as compared to some of the other nations in the world taken from 
Simpson, Petroeschevsky and Lowe (2000). 

Australia’s contribution to global ecological footprint due to food consumption, packaging and waste 

The kind of food which a population consumes plays a very big role in the global ecological impact as well as carbon 
footprint from food consumption.  According to the Environment Protection Authority (EPA) this accounts for as 
much as 28 to 30% of the overall ecological footprint.  Making every possible effort to decrease the quantity of food 
as well as drink which is wasted remains the most important factor in ensuring a sustainable food system that leaves 
the minimum ecological footprint (Quested et al., 2011). 

In rich nations such as Australia, the prominent lifestyle consists of environmentally poor food habits such as 
consuming imported food items.  An example is orange cultivated in California, USA and must be transported over 
12,000 km to reach the Australian consumer thus contributing huge amounts of greenhouse gases into the global 
atmosphere. Thus, the more distance that food needs to travel affects the ecological impact calculation in the form 
of food miles (Khan et al., 2012; Mason et al., 2011).  Furthermore, intensive methods of cultivation have ensured 
that food items are available all year round. The transport and energy required for this to happen further adversely 
contributes to the Australian footprint attributed to food consumption habits (Friel, Barosh and Lawrence, 2014).  

In Australia, most of the food consumption revolves around the purchase of highly packaged food in comparison to 
fresh food without a lot of packaging.  A massive amount of energy as well as natural resources are used in the 
production of packaging material and most of these packaging materials are not biodegradable and poses difficulties 
in disposal.  Most of these goes into landfills, which further contributes to the overall Australian ecological footprint 
from waste and higher global carbon footprint (Verghese et al., 2015; Wikström et al., 2014) (see fig. 38 below).  

 

Figure 30: Impact of purchase of highly packaged food & packaging waste leading to a higher Australian carbon 
footprint taken from Verghese, Lewis, Lockrey and Williams (2015). 
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Packaging helps in minimising food wastage in the food supply chain, but it consumes a huge amount of energy, 
water as well as other natural resources during the production stage (Verghese et al., 2015; Wikström et al., 2014).  
In the last three decades in Australia the quantities of natural resources being used (based on per capita 
consumption) especially resources like aluminium, tin alloys, steel, sand (used for producing packaging glass) and 
trees (used in the production of packaging paper and cardboard) has doubled.  It is well documented that food 
waste occurs at the end of the food chain particularly in the process of distributing, retail and at the point of 
consumption by the consumer (Monteiro et al., 2017; Kramer et al., 2017; Verghese et al., 2015). The factors 
responsible for food waste during consumption continue to be huge and complicated (Quested et al., 2011). 
Therefore, food waste reduction initiatives as well as cooperation from all the various stakeholders at every phase of 
the food supply chain particularly in packaging is urgently needed.  Some of the suggested recommendations to 
resolve this problem are finding ways of increasing efficiency and thus reducing waste within the food supply chain; 
helping the consumers to implement improved and better planning to prevent food waste and enhancement in the 
packaging systems. Food protection continues to be the main aim of packaging sustainability, but it has also been 
seen to require the use of more packaging material instead of less to decrease food waste (Friel, Barosh and 
Lawrence, 2014; Mason et al., 2011; Garnett, 2011). Packaging materials are usually designed to efficiently carry and 
provide food protection or have the features of ‘fit-for-purpose’ in all stages of the supply chain.  In this way they’re 
supposed to reduce both food and packaging waste. However, the focus continues to remain on minimisation of 
food waste since this makes up a bigger percentage of food life-cycle environmental impacts from the packaging 
materials and methods (Wikström et al., 2014; Wikström & Williams, 2010; Grönman et al., 2013). 

Measurement approaches and audit tools used previously with application to Australian setting 

Various measurement approaches as well as tools that have been utilised in other countries for estimating food 
consumption as well as finding ways of improving the carbon footprint at consumer level.  In the USA, food 
consumption accounts for up to 15% of the per capita greenhouse gas emissions. Use of online carbon calculators 
has helped consumers to prioritise their personal diets and minimise personal carbon footprints and this provides 
leverage against emission-intensive industrial processes (Kim and Neff, 2009). A recent study was done on Dutch 
diet by Kramer et al (2017); the aim was to look for dietary options which maximised on nutrition and reduced 
environmental impact in a way that the new diets were like the present Dutch diet, while mitigating the overall 
environmental impact. It was found that decrease in the quantities of meat consumed proved to be the most 
efficient option for significantly decreasing the environmental impact of diets in every age-gender cohort.  Another 
approach that would reduce environmental footprints was the reduction of alcohol consumption as well as non-
alcoholic drinks (this reduces the consumption of water and energy used in their production). It was found that 
omission of fish and dairy products did not reduce footprint (Kramer et al., 2017). Both measurement and mitigation 
approaches can be applied to the Australian setting. Lenzen and Murray (2001) presented a new calculation 
framework and applied it to the Australian setting for measuring ecological footprint.  In this model, instead of 
outlining the consumption of Australians in the context of used bio-production at the global-average productivity; 
regional disturbance-based approach that considered real time land usage and emissions data from Australia was 
used.  This approach also considered greenhouse gases besides CO2 as well as emission from other sources other 
than energy usage. It also re-classified land use and introduced a weighting system for describing the degree of land 
disturbance. This is single-region, static, partly closed input-output framework that can be modified and applied to 
any other local region (Lenzen and Murray, 2001). Wikström et al (2014) have demonstrated the advantages of 
considering the role played by packaging systems in reducing food waste into life cycle assessment (LCA) done for 
food consumption, waste and the corresponding ecological footprint.  This can be done for all LCAs at the local as 
well as national level.  

Discussion and recommendations 

Verghese et al (2015) as well as other studies have shown the importance of packaging system format for the 
reduction of food waste as well as but the environmental impact.  In the Australian context, fig. 39 provides an 
overview of the main causes of food loss and waste at four major phases in the food supply chain (Quested et al., 
2011; Verghese et al., 2015).  It also demonstrates the various packaging opportunities that that could be considered 
and implemented by all the stakeholders including food manufacturers, retailers, government agencies and food 
rescue organisations (Wikström et al., 2014; Wikström and Williams, 2010; Grönman et al., 2013).  
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Implementing strategies which can improve the Australian footprint due to food consumption waste and packaging 
have to be supplemented with future research that can outline the benefits as well as risks related to excessive food 
packaging, support the protection of produce as well as improved food consumption and reduced food waste 
(Verghese et al., 2015; O'Faircheallaigh, 2010).   

 

Figure 31: The main factors responsible for food waste in Australia and the ways in which packaging systems can 
reduce this and improve Australian carbon footprint taken from Verghese, Lewis, Lockrey & Williams (2015).  

Some of the recommendations include the following: 

 Conducting direct observations and sampling at main aggregation points like post-harvest grading and 
packaging to recognise the opportunities at decreasing waste within the food supply chain.  

 Conduct food supply chain specific research on development of new biodegradable packaging systems 
for reducing waste, especially for food products that contribute heavily to ecological footprint as well 
as food waste volumes (Verghese et al., 2015; Gazan et al., 2017).   

 Do LCA for packaging formats which improve shelf life to provide enhanced insights on balancing trade-
offs between packaging use and food waste (Verghese et al., 2015; Kitzes et al., 2009). 

Conclusion 

The most important aspects that must be addressed to reduce the Australian ecological footprint due to food 
consumption, waste and packaging centres around the introduction of better packaging systems and encouraging 
consumers to calculate their personal footprint and reduce food waste.  At the national level, there is a need for 
more research and the implementation of LCAs which consider the fact that prioritising the reduction of food 
wastage often results in the use of packaging formats which contribute more to the environmental impact.  As such 
there is a need to balance the use of packaging to reduce food waste as well as developing new packaging systems 
that are biodegradable.  
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4.2.1: Supermarkets in the KG Village  

Footprint and Handprint of Food in Woolworths Kelvin Grove Campus 

Supermarkets in Kelvin Grove (KG) Village 

The Kelvin Grove Village is developed within a highly urban environment accommodating residential development, 
community services, and supermarket which does not exceed a 2,800m2 gross floor area and provides sub-urban 
shopping facilities (Brisbane City Council, nd). Woolworths supermarket is the main supermarket in the village 
shopping centre which is aimed at students and community within the village due to its affordability (Wardner & 
Hefferan, 2015). Woolworths supplies both domestic and international food to consumers (Woolworths Group, 
2017). 

 Introduction - Domestic Foods  

The Woolworths located on the Kelvin Grove campus is one of student’s favourite spot due to its affordability and 
accessibility, especially to students studying late on campus (Wardner & Hefferan, 2015). Due to the ethical diversity 
of students and KG village residents, Woolworth delivers various foods, helping customers make healthy choices, 
with a target of motivating customers to consume food in a healthy and sustainable way by 2020 (Woolworths 
Group, 2017; Wardner & Hefferan, 2015). It is notable that, majority (96%) of food purchased in Woolworths are 
obtained locally thereby, significantly minimising importation via long distance international travel by planes, trains 
or trucks which consumes energy, emits pollution, and contributes to global warming and poor air quality (NRD 
Council, 2007). However, food transportation still occurs from New Zealand and nearby Australian states 
nevertheless, research as shown the longer the distance of travel the more the impact on our environment (Van 
Passel, 2013). 

Despite Woolworths advantages to QUT KG campus, the environmental impact caused such as; an increase in 
carbon footprint across their value chain thereby, increasing harmful greenhouse emissions, air pollution, soil 
desertification, and biodiversity loss results in an unhealthy non-sustainable planet (Johnson, 2015). Nevertheless, 
measures are being implemented to ensure an effective handprint, by moving to a circular economy, sourcing 
commodities that are environmentally sustainable and an effective response to climate change (Woolworths Group, 
2017). 

Literature Review 

The environment contributes to both the physical and mental health of an individual which includes; the supply of 
healthy, safe and affordable food, a steady and safe climate, which leads to a purposeful livelihood (Haswell, 2017). 
Hence, the environment, human health, food and agriculture are closely connected (Johnson, 2015). Woolworth 
delivers ecosystem services to human by transforming resources e.g. land, water, vegetation and atmosphere to 
water and food (Haswell, 2017). However, human footprint has increased due to increased food production and 
waste resulting to climate change and food insecurity (Haswell, 2017).  

Woolworth patronises Australian farmers to get most of its domestic produce (Woolworths Limited, 2008). Fresh 
meat and fresh fruit and vegetables sold at Woolworth are 100% and 96% respectively from Australia however, food 
is imported when they are out of season (Woolworth Group, 2017). The primary production of these foods has 
contributed to biodiversity pressures by altering natural vegetation (land degradation), increased water demand, 
pollution of waterways and loss of habitat (Johnson, 2015; Bradbear & Friel, 2011; Eriksson & Spangberg, 2017). 
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 Fruits sourced locally from Australia (Woolworths Group) 

 Picture showing some imported sea food (Woolworths KG) 

Food wastage is generated each year which ends up in landfill, once its broken down it emits greenhouse gases such 
as carbon dioxide and methane however, methane is about 25 times more potent than carbon dioxide resulting in 
more heat in the atmosphere (Eriksson & Spangberg, 2017). This results in global warming and an intense climate 
change (Johnson, 2015).  Majority of methane emissions comes from livestock such as fish, beef, chicken and dairy 
which are a large source of waste in Woolworths due to insufficient sorting at the store (Scarborough et al., 2014; 
Dimitri, 2017). Greenhouse gas emissions can also result during burning of fossil fuels in food manufacturing process 
and food production (National Research Council, 2015). 

 

Picture showing livestock sold at Woolworths: Retrieved from 
https://wow2016cr.qreports.com.au/xresources/images/groupdetail/p26-photo.jpg 

   

https://wow2016cr.qreports.com.au/xresources/images/groupdetail/p26-photo.jpg
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Food that does not meet Woolworth quality standards in size, shape and colour of fruit are disposed into landfill 
thereby, increasing the production of greenhouse gas emissions (Woolworths Limited, 2008; Porter, Reay, Higgins & 
Bomberg, 2016). The use of non-recyclable packaging and expanded polystyrene in food packages increases landfill 
cost, causes air pollution and an increase in their footprint (Porter et al., 2016). In 2017, Woolworths sets targets 
which includes achieving a zero-food waste going to landfill although, this was not achieved as planned in 2007-15 
sustainability strategy (Woolworths Group, 2017).  

 Fruits of same sizes and colour (Woolworths Group) 

 (Woolworths Limited, 2008) 

 Fruits of same sizes and colour (Woolworths Group) 

Australian farmers are required to plant to maximum order, even if all the produce is not used by Woolworth, 
resulting in a non-sustainable practice and footprint (Woolworths, Limited, 2008). Produce harvested without 
consideration for ongoing plant survival and animal species results in specie endangerment and food shortages 
(Eriksson & Spangberg, 2017; Porter et al., 2016). In addition, fertilizers used on agricultural soils emits nitrous oxide 
which is a contributor to greenhouse gas emissions (Eriksson & Spangberg, 2017). 
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Furthermore, refrigerating food (vegetables and poultry) uses up energy from powering the refrigerator thereby 
creating more greenhouse gas emission with an inherent global warming potential (Evans, 2009). Frozen food 
transported from far distances to Woolworths are preserved by continuous refrigeration (Van Passel, 2013). 

  

Picture showing food been refrigerated thereby consuming energy: Retrieved from 
http://www.realsigns.com.au/album/Business%20Shop%20Fronts%20and%20Offices/Reception%20and%20Internal
/index.html#Foodworks%2520Killarney%2520Bulk%2520Heads.jpg 

Report has shown that Woolworth implements realistic strategy to improve their ecological footprint while 
providing Kelvin Grove village with affordable shopping experience (Woolworths Group, 2017; Bradbear & Friel, 
2011; Eriksson & Spangberg, 2017). In 2017, Woolworths Corporate Responsibility Strategy 2020 was launched 
which identified sustainability goals aimed to be implemented by FY’20 to ensure a healthy planet and promote their 
handprint (Woolworths Group, 2017). Handprint initiatives includes moving to a circular economy, sourcing 
commodities which are environmentally sustainable and responding to climate change (Woolworth Group, 2017). 

Moving to a circular economy 

Woolworths aims towards “zero food waste going to landfill” by reducing stock loss, improving waste management 
behaviour in stores and improving food rescue program (Woolworth Group, 2017). Reports have shown that instore 
practices such as, store managers ensuring surplus fruit and vegetables do not get thrown away but donated to food 
rescue organisation promotes a healthy planet (Woolworths Limited, 2008; Woolworths Group, 2017). 

An initiative to decrease non-recyclable packaging, increase expanded polystyrene and progressively phase out 
expanded polystyrene by 2020, results in a decrease in the footprint of Woolworth KG (Woolworth Group, 2017).  
Produce received in cardboard is compacted and recycled, animal fat and bones gotten from meat processes is used 
to produce bio-diesel, animal feeds and fertilisers thereby, supporting sustainability (Woolworths Group, 2017). 

 Use of recyclable packaging (Woolworths Group) 

 

 

http://www.realsigns.com.au/album/Business%20Shop%20Fronts%20and%20Offices/Reception%20and%20Internal/index.html#Foodworks%2520Killarney%2520Bulk%2520Heads.jpg
http://www.realsigns.com.au/album/Business%20Shop%20Fronts%20and%20Offices/Reception%20and%20Internal/index.html#Foodworks%2520Killarney%2520Bulk%2520Heads.jpg
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Environmentally sustainable commodities 

Food processing use up valuable resources for a product that still needs to be packaged, transported and stored 
(Eriksson & Spangberg, 2017). One of Woolworths target is to sustainably source raw produce to minimise the 
impact contributed to carbon footprint. Dealing directly with the producers, fruit and vegetables transportation time 
from the farm gate to shelves is reduced thereby, resulting in better food quality (Van Passel, 2013). This further 
reduces transportation cost and air pollution caused by delivery trucks fumes and increases their handprint (Van 
Passel). 

Woolworths also targets to sell more organic produce thereby, minimizing artificial pesticides and fertilizers which 
emits greenhouse gases resulting in a high carbon footprint (Monk et al., 2017). 

Climate change response 

Nations have committed to align their target to constrain global warming to within two degrees by signing the Paris 
Agreement (Woolworths Group, 2017). Woolworth aims to respond to climate change by reducing their carbon 
emission to 10% below 2015 levels (Woolworths Group, 2017). In addition, they aim at a “net zero supply 
deforestation for high impact commodities e.g. palm oil, timber, paper and packaging” (Dimitri, 2017).  

A healthy Kelvin Grove 

The location of Woolworth supermarket in Kelvin Grove village attracts a large population of Queensland University 
of Technology (QUT) students and residents with various diversity including vegetarians and non-vegetarians 
(Wardner & Hefferan, 2015). An average Australian consumes 116kg of meat per year (Johnson, 2015). Research 
have shown that animal agriculture has huge impact on the planet with an increase in methane production leading 
to increase global warming thereby, increasing its footprint (Porter et al., 2016; Johnson, 2015; Scarborough et al., 
2017).  

Furthermore, to ensure demands of consumers are met, Australian farmers clear mass forest converting the land 
into crop or animal breed lands, exploit wild species through fishing and increase the use of chemical fertilizers 
resulting in degradation of biodiversity (Johnson, 2015). The chemical fertilizers may contaminate both surface and 
groundwater thereby, affecting KG campus over a short period or decades later (National Research Council, 2015). 

Majority of students live on chilled readymade meals, which require refrigerating thus increasing greenhouse gases 
emitted using energy (Evans, 2009). 

However, Woolworths aims to encourage sustainable diets which aligns with the environment, society and economy 
for future and current generations (Johnson, 2015; Woolworth Groups, 2017). Green gas emission from fruit and 
vegetables are found to be lower when compared with animal food product (Van Passel, 2013). It is important to 
educate students on healthy food choice and waste prevention, which promotes the handprint in Kelvin Grove 
Village (Porter et al., 2016). 

Audit Scope 

The main objective of this scoping audit is to critically analyse the footprint and handprint impact of Woolworth 
supermarket to QUT KG village. 

Potentially recommended audit tools: A scoping audit is conducted in Woolworths supermarket at Kelvin Grove 
Village and the following tools were required: 

 Camera 
 Pen 
 Note book 

Potential safety risk that could occur: Performing a scoping audit has a low likelihood to be predisposed to major 
hazards, however the risk that could occur during the scoping process at Woolworth includes: 

 Slips, trips and falls  
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 Obstruction hazards 
 Bacterial hazards from meat sections (rare) 

Personal Protective Equipment(PPE): PPE needed for the scoping audit are slip-resistant shoes, hand sanitizers and 
hand gloves. 

Limitations of the scope audit  

 The audit had a scope limitation of Woolworth stakeholder restrictions on contact to confirm findings. 
 Some checkpoints could not be ascertained such as amount of food thrown away and types of refrigerant 

used for food preservation. 
 Analysing the sustainability performance of Woolworths KG was limited 

Audit Scope Data 

A survey tool for the scoping audit based on literature reviews and report from Woolworth Groups was developed 
and a scoping audit of Woolworth KG was conducted to ascertain if their footprint is decreasing and handprint 
increasing by taking supporting evidence and relating it to available reports. This is attached in appendix Z. 

Discussion 

Food sold in Woolworth (including frozen and non-frozen) is observed during the scope audit to be both processed 
and organic. Students were observed to purchase more processed food compared with organic foods, this is likely 
due to the affordability (cost) of processed food when compared with organic foods to students. This increases the 
footprint in Kelvin Grove Village. However, in 2015 it was reported by ABC news that major big supermarkets such as 
Woolworths, Coles, and Aldi reported no use of genetically modified foods in their own branded products (ABC 
News, 2015). IGA further reported that it is becoming more difficult to ascertain that no genetically modified feed is 
fed to poultry (ABC News, 2015). In contrast to Coles, it was reported by the Australian Financial Review (AFR) that it 
outperformed Woolworth by lifting its share to 36% ahead of Woolworths of 34% on healthy food stocking (Mitchell, 
2015). Nevertheless, Woolworths reported their total organic sales increased by $60 million in 2015 (Monk, 
Anderson, Martin & McCullough, 2017). 

Most packaging used for products is observed to be compostable trays or recyclable plastic. This act contributes to 
the circular economy of KG thereby, promoting a healthy community and country. 

It was observed that majority of the fruits and vegetables at Woolworth KG are sourced from Australia. This 
correlates with a Woolworths review which reports 96% of fruits and vegetables sold in Woolworths are grown and 
farmed in Australia. It was also seen advertised during the scoping audit. This further emphasizes their 2017 
strategy, to source raw materials and commodities sustainably thereby, contributing to the handprint in KG Village. 

  

Picture showing 96% of fruit and vegetables are locally 
sourced (Woolworths KG) 

 

 

 

 

 

However, the rate of carbon emission and use of natural refrigerants for food storage could not be ascertained using 
a scope audit. 
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According to s.21 of the Environmental Protection Act 1994, “activities must achieve an ongoing minimisation of the 
activity’s environmental harm through cost-effective measures” which includes strategic planning of the activity, 
staff training and monitoring, process design and waste prevention.  

Conclusion 

Woolworths has implemented sustainable strategies to significantly minimize their footprint in KG by sourcing 
locally, using recyclable packaging, reducing energy consumption and minimising food waste. The scope audit 
revealed a decrease in the footprint in Woolworths KG. However, the handprint in KG can be further increased by 
continuous education and awareness to students and staff in KG village, on the importance and meaning of healthy 
food choice such as eating organic foods, sourcing all food locally, eliminating food wastage and ensuring sustainable 
practices thereby, promoting a healthy planet. 

Recommendations 

 Educate students on the importance of eating more organic food and decreasing their processed food 
intake. 

 Encourage students and staff to have a meat / poultry free day each week. 
 Educate students and staffs of QUT on the importance of eating healthy, to the environment and their 

health.  
 All products must be labelled effectively to enable consumers to make informed decision on their food 

choices. 
 Purchase fresh and locally produced fruits and vegetables in season and eat more sustainable collected 

foods. 
 Train staffs and student and support practices that are sustainable to improve the long-term health of QUT 

staff and students and the planet 
 Soil enhancing compost can be created from food waste (Johnson, 2015). 
 Excess fresh fruit and vegetables can be donated to food rescue organisation, saving Woolworths significant 

cost in dump fees. 
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4.2.2: Imported Foods  

Introduction 

As per the trends of the Australian food trade in 2012-13, the value of food imports into Australia was $11.6 billion. 
This food trends in Australia indicates that there is not much increase in the food import value (Australian 
Government, 2017). 

 

Figure 32: Food trade trends in Australia taken from Australian Government (2017). 

Woolworths is the one of the supermarkets in Kelvin Grove village and close to the QUT KG campus. Woolworths 
serves as an excellent shopping option for the local community and students living in and nearby the store for 
shopping regular individual needs. It is also a good source of fresh fruits and vegetables sourced locally and as well 
as internationally. Around 97% of fresh fruits, vegetables, and meat in Woolworths is sourced from local suppliers all 
over the Australia. Meagre percentage of them such as Garlic, Grapes and Oranges are imported when there is a 
shortage of produce or out of season (Woolworths Limited, 2011). Fresh products in Australian supermarkets are 
meat (100%), fruit and vegetables (96%), bakery products (97%), and fish and sea food (47%) are sourced from 
Australian sources (Woolworths group, 2016). 72% of fish consumed in Australia is imported from other country 
fisheries which are not a part of its economic zone. In Australia, there is a future expected increase in the 
consumption of imported food due to government food frameworks and an increased demand for low-cost seafood 
products (Farmery, Gardner, Green, Jennings & Watson, 2015, p.36; Selvey & Carey, 2013, p.18). In this report, we 
are going to look at the handprint and footprint of imported food in Kelvin Grove supermarkets, and measurement 
approaches used to compare both its footprint and handprint.  

Environmental impacts of food along the food supply chain 

The food system can impact the environment in different ways during the stages of food supply chain and rely on 
factors such as different inputs from the production, processes and the region of production, seasonal variations and 
technological advancements in the food technology. Due to the lack of a standard method of analysis, life cycle 
assessments (LCAs) and input-output analysis tools are used to estimate the food system impacts on the 
environment. Food supply, production and consumption in Australia can have a direct influence on environmental 
indicators such as land, water and energy use in the form of water use, greenhouse gas emissions, and biodiversity 
(Bradbear & Friel, 2011, p.3). 
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Figure 33: The interaction between food systems and environmental indicators along the food supply chain taken 
from Bradbear and Friel (2011) 

In Australia agriculture alone contributes 16% of total GHG emissions not including the emissions from fuel usage on 
farm, transportation and manufacturing process. Climate change from increased GHG emissions will have significant 
impact on food security in Australia and globally. In 2009 Queensland wheat industry had a loss of $ 150 million due 
to a heat wave in winter. Climate change has a negative impact on Australian food production with a 15- 30% 
estimated decline in food production in the coming years. This indicated the need to minimise GHG emissions 
associated with food (Selvey, & Carey, 2013, p.19). 

Footprint and Handprint of imported food 

The carbon footprint (CF) can be categorised into direct and indirect emissions. Direct emissions include greenhouse 
effect caused by greenhouse gas emissions and leakages in the process. Whereas indirect emissions include carbon-
dioxide emissions from energy consumption in those processes (Wu, Hu, & Mo, 2013, p.115). 

Food wastage and carbon footprint 

Greenhouse gases (GHG) are emitted at all the stages of food supply chain from input generation to the final 
consumption and waste disposal. At farm level, the major GHG emissions include methane and nitrous oxide from 
livestock, manure and soil management. Apart from those other inputs such as energy and fertiliser use from farm 
and post farm activities (Processing, transportation, storage and refrigeration) adds to the food-related emissions. 
Therefore, food wastage not only emits GHGs but also wastes the resources involved in the entire food production 
and supply chain. However, in industrialised countries retail and household sectors play a key role. To reduce food 
wastage retail sectors are important as it is a link between producer and consumer (Scholz, Eriksson, Strid, & 
Sveriges, 2015, p.56). On an average $8 billion worth food is wasted by Australians every year and sent to the landfill 
(City of Melbourne, 2014, p.6). 

Transport refrigeration systems (TRS) and footprint 

In addition to greenhouse effect chlorofluorocarbons (CFC) and hydrogen chlorofluorocarbons cause ozone layer 
depletion which in turn increases the amount of UV radiation reaching the ground. The CFC of TRS can be calculated 
by considering the impacts of refrigerators and refrigerants over its entire life time on global climate change. Both 
direct and indirect emissions determine the TRS carbon footprint. Direct emissions include GHG emissions, 
refrigerant leakage during transport, installation, usage, repair, leakage and recycling. Indirect emissions include 
energy consumption during production, installation, transport, operation and recycling phases (Wu et al., 2013, 
p.118). See fig. 43 below. 
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Figure 34: Emissions for food transport refrigeration systems taken from Wu et al., (2013) 

Seafood and carbon footprint in Australia 

Seafood imports mainly include low-value products such as frozen prawns (prawns and shrimp), canned fish and 
frozen fish fillets. Whereas most commonly eaten food is frozen fish fillets from Vietnam farms. Apart from low-
value products, lobster (high-value product) is also imported. Thailand, New Zealand, Vietnam and China are the 
four top sources of imported seafood. Most of the seafood imported into Australia arrive by sea whereas very less 
percentage (10%) is through air freight. Whereas preserved prawns and frozen lobsters are imported by sea and 
frozen or fresh fish fillets by air freight (Farmery, Gardner, Green, Jennings & Watson, 2015, p.36). 

Fig 43: The carbon footprint of sea food at supply chain stages. 

a. Whole Frozen prawn farmed in Australia and sea freighted from China and Philippines. 
b. Whole frozen lobster with different modes of transport (sea and air freight) to Sydney. 
c. Whole Atlantic salmon (canning and transport), frozen salmon (refrigerated transport), and fresh salmon 

(excluding refrigeration).  

Fig 43a indicates that farm stage is the typical source of carbon emissions. Emissions from sea freight are less than 
1kg CO2e of seafood and accounted for 4% of the total carbon footprint of frozen seafood transportation by sea 
from China and Philippines.  

Fig 43b indicates that carbon footprint is less for lobster shipped from USA to Australia as compared to that of the 
lobster from Tasmania. Carbon footprint increased dramatically to 400% when it is air freighted. However, very few 
quantities of frozen lobster were shipped to Australia from the USA. 

Fig 43c indicates the carbon emissions at different stages such as production, canning, sea freight, and air freight. 
The table below indicates the carbon emission equivalent per kg of seafood. 
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Figure 35: Taken from Farmery et al., (2015). 

Table 14: Carbon emission equivalent 

Product/stage/ mode of transportation Carbon emission equivalents 

Frozen salmon  0.7 kg CO2e kg  
Canned salmon without refrigeration  0.3 kg CO2e kg  
Canning process  6.6 kg CO2e kg 
Airfreighted salmon 18 kg CO2e kg 
Sea freighted salmon 0.2 kg CO2e kg 

 

 

Figure 36: Comparison of CFs of 150gm of edible domestic and imported sea food taken from Farmery et al., (2015).  
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All the above findings indicate that seafood imported into Australia need not necessarily have a higher carbon 
footprint as compared to that of the domestic food along the distance travelled between production and 
consumption. Research shows that sometimes imported seafood (frozen and shipped) will have a comparable or 
even smaller carbon footprint as compared to the domestic production and found to be energy efficient. These 
results must be considered during the development of a sustainable food policy. The literature on life cycle 
assessment of seafood indicates that capture or culture of seafood in production, not transport is the main 
determinant of the carbon footprint of seafood. In addition to that farming system, energy and feed use practices 
determine the carbon footprint of aquaculture species (Farmery et al., 2015, p.40). 

Handprint of food 

Handprint concept helps to decrease footprint by taking more sustainable development practices. Handprint 
measures the positive environmental actions done by individuals or organisation to reduce ecological footprint. 
Reduction of refrigerant leakage can reduce carbon footprint. Changing the behaviour of customers by health star 
rating. Farmer and food rescue programs help to prevent the amount of waste that goes to landfill and minimize 
methane emissions.  Raising awareness among consumers regarding sustainably sourced food products by an 
appropriate label. Sourcing of food from local farmers and sustainability certified sources is a good example of 
handprint (Woolworths Group, 2017). 

Measurement approaches used to capture footprint and handprint of food 

Environmental indicators 

Environmental impact is one of the major factors that determines the sustainability of food production and 
consumption strategies. Environmental indicators were established using different environmental assessment tools 
to assess the environmental impact of livestock production systems or agricultural products, and food processing. 
They are mainly divided into area-based or product-based (Mogensen et al., 2009, p.115; Jelínková, Moudrý Jr, 
Moudrý, Kopecký & Bernas, 2016, p.261). 

 Area-based indicators 
Evaluate farm emissions that affects the local environment e.g. nitrate leached per hectare in a pig farm. 

 Product-based indicators 
Used to evaluate GHG emissions from food production. It can also assess the impact of food production on 
global environment as climate change e.g. global warming potential(GWP) per kg pork (Mogenson et 
al.,2009, p.115) 

o Life cycle assessment(LCA) 
LCA is a product-based evaluation of different stages of the products life. LCA is an integrated tool 
for assessing and comparing the potential environmental impacts of goods throughout its life time 
(cradle to grave) (Farmery et al., 2015, p.36; Mogenson et al., 2009, p.116). 
There are mainly four stages in LCA, which include scope and objectives, inventory, life cycle 
impact assessment and interpretation of results (Jelinkova et al., 2016, Canals et al., 2008). 

Limitations 

A requirement of setting system boundaries by researchers will exclude some of the results of the studies with other 
system boundaries and specific processes. This process will decrease the comparability between studies and results 
(Reutter, Lant, Reynolds & Lane, 2017, p.507). 
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Figure 37: Scope of life cycle assessment adapted from Climate Change Research Strategy for Primary 
Industries(CCRSPI). 

Food miles 

Food miles is a commonly used term to measure the distance travelled by the food products from where it is grown 
and processed to where it is consumed. Longer distance transportation is responsible for the nutrient losses. Even in 
good storage conditions there are risks of nutrient losses mostly vitamins A, C, E & riboflavin (Gaballa, Abraham, 
Barber & Taylor, 2007, p.2). An average Australian food basket has food that has travelled more than 70,000 
kilometres from the place of production to consumption. However, when looking at the energy consumption, the 
impact of the whole LCA of food is greater than the distance travelled by food because in some cases the energy 
consumed in the production phase is high concerning in respect to global carbon emissions (Anna Salleh, 2007). For 
example, research shows that New Zealand grown lamb requires half the energy than that of UK-grown lamb 
consumed in UK because the European animal welfare requirements say that animals need to be housed in winter 
which adds additional costs to it. Whereas New Zealand temperature cuts those costs. In many cases, food imported 
from other parts of the world are more energy efficient as they use fewer fertilisers and machinery (Anna Salleh, 
2007). 

Limitations 

Food miles is an inadequate indicator of sustainability. Therefore, it should be regarded as a single factor in the 
entire LCA (Gaballa, Abraham, Barber & Taylor, 2007, p.3). 

Audit tools 

Audit tool or questionnaire helps organisations to evaluate their own business or its suppliers regarding 
environmental management. Environment management can be verified using a questionnaire and can quantify best 
practices, medium practices, and poor practices that need some improvement regarding environment management. 
An environmental checklist is given in appendix AA. Some of the key environmental impact areas used in the audit 
checklist include environmental management, waste generation, material and energy consumption, emissions from 
processes, packaging, transportation, product procurement, water usage and onward sustainability. This tool can 
identify some of the common practices and challenges of environmental management practices of a business (Salvá, 
Jones, Marshall & Bishop, 2013, p.1511). 
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Using renewable inputs?    How will the product get to consumers?      

Choice of extraction techniques?    How much energy will be used in the process? 

Pollution from production or processing? How will the product be disposed of?      

             Can the product be recycled?      
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Recommendations 

 Carbon labelling is a strategy of communicating the total carbon content involved in a product life cycle. It 
can have a behavioural impact on consumers regarding product choice. 

 Procurement of seafood from sustainably certified producers or suppliers. 
 As food production stage is the major contributor to carbon footprint, encourage farmers to adopt organic 

farming practices. 
 Cosmetic appearance of fruits and vegetables is very important in retail supermarkets to avoid wastage of 

food by offering reduced prices on those which have low cosmetic appearance but have equal taste and 
nutrient value as others. 

 In supermarkets ‘best before’ or ‘use before’ indications play vital role in food wastage. Effective stock 
management of food in the store and offering a quick sale of products for consumers can reduce food 
waste. 

 Effectively communicating with consumers regarding the seasonal availability of foods which can change 
consumer choice. 

Conclusion 

A handprint and footprint scoping audit were conducted for the imported foods in supermarkets of Kelvin Grove 
village. Carbon footprint aspects of food wastage, seafood imports, and food transport refrigeration systems were 
considered. In case of imported foods transportation alone cannot contribute to the CF and there are several factors 
intertwined with it which include production, processing, storage, mode of transportation and disposal of a product. 
Environmental indicators and food miles are the two measurement approaches discussed for considering all the 
environmental impacts of food. Each method has their strengths and limitations however LCA is superior to assess 
carbon emissions throughout the product lifecycle. This audit checklist can help the businesses to assess their own 
or supplier performance on environmental management systems. 
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4.2.3: Food Courts  

Introduction 

Food industry has several unmeasured impacts on the environment (The environmental dimension of food supply 
chains, 2008). Moreover, change in food habits and lifestyle leads to integration of fast food industry in to the 
society (Shokri, Oglethorpe & Nabhani, 2014). There are number of environmental impact of food industry such as 
pre-production and post-production impacts. Other environment footprint issues related to use of energy during 
transportation, cooking and storage of food, food wastage and packaging (The environmental dimension of food 
supply chains, 2008).  

The purpose of this scoping audit report is to identify the handprints and footprints related to food courts. Evidence 
were collected by searching relevant literature and applied to the food court at QUT KG campus. After auditing of 
the footprint and handprint, recommendations are provided to improve the environmental sustainability of the food 
court in QUT KG campus. 

Site Description 

A site visit of the food court within QUT KG campus was done. There are mainly four types of food being served 

 Fast food: burger, pizza and snacks with drinks  
 Boost juice shop: different types of fruit juice and healthy shakes including packed juice 
 Chinese food: Sushi, soup, curry and rolls. 

The main Ingredients for the different kinds of food served can be divided into the following categories: 

 Vegetables and fruits  
 Meat, chicken, beef, pork  
 Seafood: fish, crab, prawns  
 Dairy products: milk, cheese 
 Cereals 

Table 15 

Types of food Main ingredients Food categories 
 Burger 
 Pizza 
 Sandwich 
 Muffin 
 Wraps 

 Bun 
 Cheese 
 Green salad 
 Vegetables 
 Bacon 
 Beef 
 Chicken 
 Egg  
 Wheat flour 
 Sugar 
 Water 
 Seafood 
 Cereals 
 Salt   

 Vegetables 
 Fruits  
 Seafood 
 Dairy 
 Non-vegetarian 
 Cereals  

 Cold drinks 
 Coffee 
 Sushi 
 Soup 
 Salad 
 Curry 
 Smoothie 
 Juice  

 Roasted coffee beans 
 Milk 
 Rice 
 Seafood 
 Vegetables and fruits 
 Chicken 
 Beef 
 Spices 
 Pork  
 Prawn  

 Vegetables 
 Fruits  
 Seafood 
 Dairy 
 Non-vegetarian 
 Cereals  
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Different audit tools were prepared to assess the types of footprint and handprint related to the food court (see 
appendix BB). 

Environment footprints 

Food supply chain has number of environmental impact. These impacts can occur from production of food or supply 
of food. Environmental impacts include: 

 

Direct energy consumption: Direct consumption of energy from food production can occur during farming, 
manufacturing of ingredients and cooking of food (The environmental dimension of food supply chains, n.d). 

Indirect energy consumption: Storage of food by use of refrigerator and transportation from one point to another 
can cause indirect use of energy. That is a major aspect of environmental impacts of food industry. (The 
environmental dimension of food supply chains, 2008; Shokri, Oglethorpe & Nabhani, 2014).  In addition, food 
shortage will be become a major contributing factor in increased direct energy consumption in the future. According 
the report by the environmental dimension of food supply chains (2008), it is estimated that by 2020 there will be a 
shortage of raw food. This shortage would be the outcome of the climate change and extreme weather conditions 
such as drought. For instance, in Australia, during 2006-2007, milk production was decreased up to 5% due to 
drought conditions in the farms across Murray Darling Basin. This draught was an effect of climate change on the 
weather conditions.  Due to this insufficiency of food supply, supply chains are expected to enhance the use of 
refrigeration to conserve the food quality and maintain the safety standards. Increased use of refrigeration for cold 
storage of food enhances the use of energy and emission of GHG in the environment. 

Greenhouse gas emission: GHC emission happens during food production from the use of pesticides and fertiliser 
during farming and packaging of food (The environmental dimension of food supply chains, 2008). In Australia, dairy 
farming industry has also several environment impacts. For example, livestock industry is responsible of 10%-16% of 
GHG emission and dairy farms accounts 3% of the total GHG emission due to the production of greenhouse methane 
gas. Furthermore, animal agriculture is also a major cause of deforestation, water consumption, pollution, land 
degradation and biodiversity loss (The Conversation, 2016; Bradbear & Friel, 2011, p. 4). Food transport is an 
essential part of food supply chain and occurs at every step of the supply chain. GHG emission also occurs during the 
transportation of food from one point to another. Food mile can be used to assess the amount of GHG emission 
during food transport from farmer to consumer (Bradbear & Friel, 2011; The environmental dimension of food 
supply chains, 2008). In Australia, food transport accounted for 5.7 mega tonnes of carbon-dioxide emission in 2007. 
There are nearly 16,418 refrigerated trucks in the Australian refrigeration transport sector. It is estimated that one 
refrigerated truck consumes 12,000 litres of diesel per year and emits 0.5 mega tonnes of carbon-dioxide annually. 
Other than diesel consumption; cooling, freezing, air conditioning and cold storage of food contributes towards the 
emission of GHG (The environmental dimension of food supply chains, 2008). 

Water Consumption:  Sustainable use of ground water is a real challenge in Australia because most of the crops are 
highly water-dependent for example; fruits and vegetables. Moreover, in food supply chain water is used in many of 
the stages such as cleaning, cooking and cooling and approximately 215 gigalitres of water is consumed annually 
(Bradbear & Friel, 2011, p. 5-6). 

Direct energy consumption 

Indirect energy consumption  

Greenhouse gas emision  

Water consumption 

Waste e.g. Food waste and General 
waste  
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Waste: In food industry waste can be of two types; food waste and general waste such as food packaging (The 
environmental dimension of food supply chains, n.d). 

 Food waste: Food waste generates 4.4 GtCO2 GHG gases or 8% of the total GHG emission (Food wastage 
footprint & climate change, 2015). The main cause of food wastage is inadequacies in the food supply 
chain. For instance, improper infrastructure, lack of skills and technology, oversupply of food and individual 
factors such as eating habits (Food wastage footprint: Impacts on natural resources, 2013). 

 Food Packaging: Food waste and food packaging are interconnected to each other. For example; food 
packaging is used to avoid food spoilage and wastage and on the other hand food packaging material is also 
a major contributing factor in total packaging waste. In Australia, the amount of packaging waste in 2005 
was 4.2 million with 50% recycling rate and food waste is 3.3 million tonnes. Packaging waste can be 
divided into three types (The environmental dimension of food supply chains, 2008): 

o Primary packaging waste: It is the discarded packaging material such as wrapping, food containers 
used by consumers. 

o Secondary packaging waste:  It includes all the big boxes and cases that are used to supply primary 
packaging material to distributers. 

o Transit packaging waste: It include waste such as wooden pallets, card boards, plastic wrapping 
and plastic containers. 

Measurement approach and use of Audit tool at QUT Kelvin Grove Food Court 

A site visit to QUT Food Court situated in C block was done. Observation method was used to assess the type of food 
supply and types of waste and recycling methods used at this site. A checklist was used as an audit tool (see in 
appendix BB) to record the observations during site visit.   

The key findings were:   

 Type of food used, food wastage and carbon footprint: Carbon footprint is the total amount of greenhouse 
gas emission during the lifecycle of a product. The unit of expression is kilograms of CO2 – equivalents. The 
carbon footprints are different for different foods. Main types of food used at QUT food court are meat, 
vegetables and fruits, seafood (fish, crab, prawns), dairy products (milk, cheese and cereals) as shown in 
table 16. According to food wastage footprint & climate change (2015), carbon footprints related to these 
types of food are illustrated in a bar graph shown below. 

 
Figure 38: Contribution of each commodity to 
carbon footprint and food wastage (Food wastage 
footprint & climate change, 2015) 

 

 

 

 

 

From this graph it is clearly shown that meat has more carbon footprint as compare to amount of wastage. 
The main reason is release of GHG during the production of meat, use of fertilisers for production of feed 
and manure management. However, milk, fruits, fish and oil crops & pulses have less carbon footprint.  

At QUT food court, a selection food types can be done while keeping this graph in mind. For example, 
students and staff should be encouraged to eat more fruits (juices) and sea food to comply with the 
concept of environmental sustainability. 

 Packaging and recycling: An audit tool was prepared using a guide from recycling and waste reduction in 
the restaurant industry (n.d), however there are some limitation in the collected data. Due to lack of access 
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to kitchen area data was collected by observation method. Despite these limitations, it was found that QUT 
food court management is taking many good steps to promote environmental sustainability. There are 
certain areas that can be improved, and recommendations are provided at the end of this report. 

Discussion 

Food industry has numerous environmental impacts such as waste generation and disposal, use of energy and GHG 
emission or carbon footprint. To assess the environmental impacts of QUT Kelvin Grove food court, audit tools were 
developed to assess the carbon footprint of the food court, food wastage and recycling and energy/ water efficiency. 
From these audit tools it was found that, variety of foods are served in the food court. Each food product has 
different carbon footprint and wastage as shown in the figure 46. There is need to educate QUT staff and students 
regarding these findings, so that they would consider the environmentally sustainability of their food selection. In 
terms of recycling and waste management, a positive feedback was found related to most of the questions (see 
appendix BB). It clearly shows the efforts taken by QUT management to enhance the sustainability. Furthermore, 
data regarding energy and water consumption was insufficient to make any decision regarding the impacts and 
efficiency of water and energy use in the food court. 

Recommendation 

Awareness of environment sustainability is improving among the cafés, fast food sector and restaurants. 
Environment audit such as energy audit has been used to identify the opportunities for improvements 
(Environmental scan, 2015). An environmental audit has been performed in QUT Food court, KG to assess the area(s) 
were improvements are required. After this auditing, there are some recommendations that can be applied in the 
food court to minimize the footprints on the environment. 

1. To reduce GHG emission and minimize the carbon footprint, the following actions should be taken: 
o Change in the food menu, such as serving organic food, add more option related to fruits and 

vegetables (Environmental scan, 2015) 
o Early consumption of food to avoid preservation and related environmental impacts 
o Redesign the logistic network for food transportation (The environmental dimension of food 

supply chains, 2008). 
2. To reduce the food waste:  

o Improve the storage facilities  
o Education regarding food chain operation and safe food handling techniques  
o Proper use of preservation methods such as cooling, freezing, drying and canning to minimize the 

food waste (The environmental dimension of food supply chains, 2008). 
o Rotation of food in the refrigerated and make it easily accessible 
o Code-date all the stored food 
o Donate extra food for a good cause 
o Offer special offers to customers such as half-ordered food with discount  
o Discard cooking oil and other greasy material into rendering firm 
o Research on options for food composting rather than disposal to bin because food waste can also 

be used by the farmers to supplement the compost pile. Contact the local farmers in this regard 
(Recycling and waste reduction in the restaurant industry, n.d). 

3. To enhance the recycling and reduce waste: 
o Use more recycled materials such as coffee cups and napkins 
o Involvement and education of staff regarding the recycling and waste reduction 
o Auditing of type of waste produced in a food business and separate  waste to avoid mixing  
o Always use ‘’Reduce, Reuse, recycle method” of waste management.  
o Include recycling training as a part of new staff induction training 
o Empty buckets or containers can be sold or donated. 
o Continuous monitoring and evaluation of recycling program at the workplace to identify successes 

and improvement needs (Recycling and waste reduction in the restaurant industry, n.d) 
4. To save more energy and water: 

o Identify high energy appliances and replace them with more energy efficient equipment. 
o Use LED lights 
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o Use of timers on freezers to switch off after a certain period 
o Use air-curtain in cold room to minimize the loss of cool air to outer environment  
o Continuous monitoring and benchmarking to assess the improvement with new products 

(Environmental scan, 2015) 
5. Packaging: 

o Reduce unnecessary packaging of food such as double bagging, double wrapping 
o Encourage the customer to use reusable material such as at a coffee shop. Offer discount to use 

reusable coffee mug or cups (Recycling and waste reduction in the restaurant industry, n.d) 
 

6. Comply with policies and regulation:  

Regulation and policies have a positive role in achieving the goal of environmental sustainability (Shokri, 
Oglethorpe & Nabhani, 2014). Therefore, standards and regulations related to environmental sustainability 
must be complied with by the management. In Queensland, there are number of Act and regulations related to 
environment management such as: 

 Waste Reduction and Recycling Act 2011 (Qld). 
 Environmental Protection Act 1994 (Qld). 
 Environmental Protection Regulation 2008 (Qld). 

Conclusion 

In conclusion, fast food industry has several environment impacts. In this scenario, footprints related to food court 
are GHG emission, food wastage, food packaging, recycling and use of water and electricity. However, there are 
number of handprints identified at QUT food court such as use of Eco-friendly, bio-degradable and compostable 
paper take-out containers for food and use of different types of bins for waste collection. Moreover, number of 
recommendations are provided to further improve and achieve the goal of environmental sustainability. 
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4.2.4: Other Food and Beverage Outlets  

Author: Alireza Ranjbar Nejad Esfahani 

Introduction 

Today coffee industry is among the most valuable commodity such as tech industry (data) and oil industry in the 
world (RT America, 2017). In 2016 over $30.5 billion worth of coffee beans were traded worldwide (Workman, 
2017). The whole industry is worth over 100 billion dollars around the world (Goldschein, 2011). It is mostly 
produced in developing countries near the equator such as Brazil (nearly one-third of all the world coffee), Vietnam 
and Colombia (Workman, 2017). Coffee is mainly used in developed countries such as Finland, Norway and US (SBS, 
2017). Throughout the massive production of coffee beans, there are some negative impacts known as footprint on 
the environment. This report will focus on hand prints and foot prints of coffee production and consumption 
(specifically around QUT-Kelvin Grove campus). It also tries to find and analyse suitable auditing tools related to 
environmental sustainability. Finally, some recommendations about how to minimise the negative environmental 
impacts and how to use coffee more environmentally friendly will be given.  

Overview of coffee consumption  

More than 50 percent of Americans over 18 years of age drink coffee every day (SBS, 2017). According to Australian 
Bureau of Statistics (2014) around 40% of people aged between 19-30 drink coffee daily. Moreover, more than 65 
percent or two third of Australian population aged 50 to 70 years drink coffee every day. According to (coffee 
consumption in Australia, 2015) Australian people tend to buy  mainly in the morning.  

 

Figure 39: coffee time in Australia 

 

 

 

 

 

In terms of coffee price, Queensland has the second most expensive coffee price in Australia. The average price of 
coffee is shown in figure 48 (Coffee consumption in Australia, 2015). 

 

Figure 40: Average price of small coffee in each state 
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In terms of coffee consumption Australia is ranked 42
nd

 in the world for 3 kilogram per capita of coffee consumption 
(SBS, 2017). Figure 49 shows top countries in the world who have highest coffee consumption (SBS, 2017). 

 

Figure 41: Coffee consumption in the world 

Environmental impacts of coffee (from coffee beans to cup) 

This section will discuss the handprint and footprints of coffee process. It will start from global view and will be 
narrowed down to Kelvin Grove campus. Coffee production is mainly non-point source of pollution which every step 
of its cycle will have impact on the environment. As a result, this section will break down each section and focus on 
its impacts on the environment.   

Coffee farming 

Tropical forests are the place which brings food and income for millions of people in rural areas and increases the 
national economies in tropical countries such as Brazil and Indonesia (Siebert, 2002). Coffee farming falls into two 
general categories: technified (known as sun-grown coffee or monoculture) and shade-farming (forest farming) 
based on whether the farming is mixed with trees or not (Tensie Whelan, 2014).  

Technified model is mainly being used in Brazil where farmers destroy the millions of hectares of tropical rain forest 
for cultivating coffee (Siebert, 2002). The benefit of sun grown farming model is that farmers can produce more 
coffee per acre compared to shade farming (nearly 3 times more) because farming is monoculture and the density of 
coffee plants are more intense (Donald, 2004). Moreover, harvesting is easier and faster because unlike shade 
farming, harvesting is mechanical which has high impact on the quality of coffee (Donald, 2004). However, the non-
shade crops are more prone to insects. Therefore, it needs to be more maintained (Donald, 2004). In monoculture, 
farming the ecosystem is fragile as a result farmers need to use more chemical herbicides and fertilizers otherwise; 
soil will lose its nutrients (Donald, 2004). Gascon, Williamson and da Fonseca (2000) stated monoculture farming can 
introduce exotic species and it could change the vegetation of the area. Therefore, it affects biodiversity of the area 
(Gascon, et al., 2000). In terms of bird diversity, Thiollay (1995) compared agroforest and primary forest. He 
observed great reduction in bird diversity in agroforestry systems in Sumatra. (Note that, monoculture farming has 
even bigger impact on bird diversity). Soil erosion is the other negative environmental impact of sun plantation 
which is caused by lack of trees in the farm (Albertin & Nair, 2004). As a result, with raining in tropical forests 
chemical fertilizers will be washed into rivers which could cause water pollution such as eutrophication (Viere, von 
Enden & Schaltegger, 2011).   

On the other hand, shade farming has been proven to be more environmental friendly and sustainable which 
conserves native flora and fauna (Siebert, 2002). Life span of the coffee plants is almost doubled compared to sun 
grown coffee plants method. Therefore, it needs to be replaced less frequently (Craves, 2006) .  

Studies have shown if shade farmers adapt specific standards such as Sustainable Agriculture Network (SAN) and 
followed by other NGOs such as Rainforest Alliance, they will earn more profit than non-certified shade farming. In 
fact, SAN standards tries to encourage farmers to follows steps such as planting healthy seeds, using proper mix and 
appropriate time for fertilizers to increase productivity (Tensie Whelan, 2014). In shade plantation, farmers can use 
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dead leaves from trees to enrich soil nutrients and weeds grow less compared to sun grown plantation (Craves, 
2006). According to (Campanha et al., 2004) trees can change ambient temperature therefore it reduces the leaf 
retention in coffee plant which is an important factor for yield stability. Tietenberg and Lewis (2016) stated that with 
eco-certification of coffee production, premium quality of coffee could be obtained, which has higher price in the 
market that could cover higher labour costs and lower yield of organic production. It could also reduce the usage of 
herbicides and fertilizers (Tietenberg & Lewis, 2016). One of the benefits of certified agroforestry is that tree 
coverage will increase to six acres around the farm (Rueda, Thomas & Lambin, 2015). Moreover, in agroforestry tree 
could be used in logging industry if farmers adapt sustainable methods and it will also enhance species and genetic 
diversity and interaction between biological components of the biomass (de Souza, de Graaff, & Pulleman, 2012).  

Harvesting and processing coffee  

Harvesting coffee in sun plantation method is by heavy machines (almost automatic) and  shade grown plantation is 
by hand (Methods of Coffee Harvesting, 2015). The first method is much faster and covers a bigger area in less time 
but the harvest machines cannot separate high and low quality coffee cherries (ripe/unripe) while shade grown 
coffee cherries are handpicked (Methods of Coffe Harvesting, 2015).  Processing coffee is divided into dry and wet 
methods (Viere, et al., 2011). In the dry method, coffee cherries are processed by using solar power (sun-drying), 
fossil fuel or burning wood to separate coffee beans from coffee cherries (Viere, et al., 2011). The waste of dry 
process can be composted which is environmental friendly (Viere, et al., 2011). The wet method uses a lot of energy 
and water (40 to 70 thousand litter per ton) and releases untreated waste-water (organic pollutant) which creates a 
lot of environmental problems (Viere, et al., 2011).  

Coffee export 

Coffee is mainly planted in developing countries in tropical rain areas and exported by train, air or ship to developed 
countries such as Australia (Economics of coffee, 2017). The process of exporting uses mainly fossil fuel energy 
which causes  carbon emission to the air and water (Viere, et al., 2011). It is a well-known fact that  carbon emission 
is the biggest culprit of global warming (Solomon, Plattner, Knutti & Friedlingstein, 2009).  

Coffee roasting  

In order to roast coffee beans thermal energy is required (Viere, et al., 2011). Some mills use local wood to generate 
heat and most use fossil fuels that can cause air pollution including greenhouse gases (Viere, et al., 2011). Some 
coffees such as decaffeinated and soluble coffee need water added during roasting process which produces waste 
water (Viere, et al., 2011). 

Coffee retail and consumption   

Coffee should not react with oxygen to keep its quality therefore it is packaged mainly in Polyethylene foil (PET). 
Glass packaging with screw caps is used for soluble coffees. Audition in Kelvin Grove (KG) QUT campus shows that 
most of the coffee was imported in unrecyclable packaging. Figure 50 shows that in KG non-recyclable Polyethylene 
foil were used in coffee shops.   

             

Figure 42: PET coffee package 
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Auditing in KG showed most of the coffee shops use sustainable certified coffees. UTZ certification is the biggest 
program for sustainable farming in coffee and coconut industry (UTZ Certified, 2017). Coffee shops also rely on 
imported coffee beans rather than local ones. 

 

Figure 43: certification of coffee beans and its origin 

In coffee life cycle, energy consumption has one of the biggest environmental impacts (Viere, et al., 2011). 
Percolator in coffee machines use a lot of energy while people tend to leave the coffee to become cool (Viere, et al., 
2011). Therefore, it is recommended that coffee shops use warm temperature as a default option for selling coffee 
and consider that extra hot coffee to be optional for customers.  

Coffee disposal  

Figure 6 shows in KG there are 5 coffee shops and each of them sell around 600 coffee cups per day and 3000 cups 
in total. Some of the shops are using recyclable cups while other don’t. Therefore, it is recommended that owners 
are encouraged to use eco-friendly cups. Moreover, people could be encouraged to reuse their cups for next coffee 
by paying less for the second coffee (this is currently happening in Gardens Point coffee shops). 

 

Figure 44: Coffee shops location at QUT Kelvin Grove campus 

Coffee debris (ground) and filters are usually composted. If the coffee-shop use recyclable cups it could be recycled 
instead of being dumped (Viere, et al., 2011). Coffee jute and bags can be recycled, incinerated or dumped (Viere, et 
al., 2011).   

Life Cycle Assessment (LCA)  

Food system sustainability includes social environmental and economic factors which are integrated together 
(Lozano, 2008). While most of the attentions in coffee supply and its effect on environment is on the first step other 
steps of coffee LCA is neglected. For example  the coffee consumption and its negative environmental impacts tend 
to be disregarded (Viere, et al., 2011).  Salomone (2003) stated that coffee cultivation and processing have a higher 
environmental impact compared to coffee consumption and disposal. Environmental impact of gas-stove coffee 
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making instead of electric coffee machine is higher than the effect of avoiding pesticides in cultivation (Viere, et al., 
2011). Figure 53 shows the life cycle of the coffee beans and its impacts on environment. One way to measure 
coffee life cycle impact on environment particularly on global warming is to measure the amount of cumulative 
carbon emission to the air (Matthews, Gillett, Stott, & Zickfeld, 2009).  

 

Figure 45: Life Cycle of Coffee adapted from (Viere, et al., 2011). 

Recommendation  

Recommendations can be given in each steps of coffee life cycle, starting from a broad view, such as cultivation, to 
individuals (behavioural).  

 Cultivation: It is recommended to encourage farmers to adapt sustainable farming certifications. It 
encourages farmers to consider shade-plantation, which uses less fertilizer and avoid soil erosion therefore 
avoiding eutrophication.  

 Water treatment is necessary in wet coffee processing to reuse water and dry treatment method use less 
fuels which will help against global warming.  

 Transportation: It is recommended to encourage owners to use Australian grown coffees and use 
environmental friendly trucks such as using LPG trucks instead of diesel trucks for local transportation. Note 
that eco-friendly certifications are mostly focused on cultivation while it is better to have a holistic overview 
on certification systems.  

 In consumption, is it recommended to encourage consumers, who are mostly academic students in KG to 
reuse their cups for their second coffee where applicable and owners use eco-friendly cups. 

 Coffee machines use a lot of energy therefore, it is recommended to avoid energy waste by serving warm 
coffee instead of extra hot coffee, which people may not normally drink.  

 Coffee machines should be turned off/idle mode when not in use and placed in a proper place to avoid 
energy waste.  

 Coffee ground and filters have high impact on environment therefore it is necessary to be disposed 
properly such as composting.    

Supply 

Chain of 

Coffee 

 
Global 

Warming 
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Conclusion  

To summarise, to consider sustainability of any project or usage in any scale it is important to have a holistic 
approach on the subject. Environmental components are connected to each other like a chain. Therefore, places like 
coffee shop cannot be environmental friendly and work sustainable without considering all the inputs and outputs 
related to the shop. It is important to consider everything such as electricity to coffee beans to have eco-friendly 
place. Regarding that most of the residents of KG campus are university student and understand the importance of 
environmental sustainability therefore, I believe KG campus have the potential of being an eco-friendly place.   
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4.2.5: The Weekend Market  

Introduction  

In consideration of food growing which relies on eco-systems to provide water, nutrient-rich soils, climate 
regulation, pollinators and use chemical pesticide to reduce pests, which leads environment to a set of negative 
consequents (Bradbear & Friel, 2011, p. 1). A food footprint is composed of the impacts of the food on the 
environment, which includes numerous step from farm gate to the local food market, such as food growing, 
transporting, processing, storing, disposing of food and packaging (Mason, 1967., 2008, p.5). Each aspect of food 
footprints can lead environmental impact to scarce resources, land degradation, waste generation, biodiversity loss, 
pollution of waterways, and greenhouse gas emissions (Bradbear & Friel, 2011, p. 1). Mason (2008, p.4) divide 
footprints into two parts: one is heavy which mean people are using lots of natural resources. Another is light 
footprints in which resource use is less.  

At the Saturday food market, local farmers providing food to Kelvin Grove campus students not only has the 
opportunity to promote their economy, but they can also reduce carbon footprint (Merrow, Penzien, & Dubats, 
2012, p. 26). The aim of this report is to identify the potential footprints of food market such as air, water, land and 
waste.  The report will also consider the control of these effects to achieve environmental sustainability. The tools 
required for this exercise include pen, paper and camera to record information and assess footprint and handprint 
of Kelvin Grove campus's food market.   

Literature review of food footprint and handprint impact environment  

Climate change and food transport  

Food miles measure the distance that food travels from where the raw material is grown to where it is ultimately 
purchased or consumed (Bradbear & Friel, 2011, p. 5). Murphy, McDonnell and Fagan (2014, p.46) states food miles 
are a negative indicator of the environmental and ethical impacts of food production. They mention that the larger 
the distance, the larger the impact on local environment. In this situation, people should develop local food to 
reduce food miles. However, food miles are not the only issue. It also connects with climate change (Van Passel, 
2013, p. 3) shifting the food miles from sustainable agricultural production systems to food retailing, specifically the 
carbon footprint from transport.  Because during food produce and importation, the transportation facility emits 
harmful gas (carbon dioxide) resulting in air pollution (Bradbear & Friel, 2011, p. 42). Not only does the distance food 
travels can impact air quality but also  the different types of transportation can cause more pollution than others 
(Dalin & Rodríguez-Iturbe, 2016, p. 6). Mason (2008, p.21) indicates that airplane is the highest polluter than other 
forms of transport, which release 1160 to 2150 grams of carbon dioxide per km. Road, rail, and water transport are 
release 207 to 280 grams, 39 to 48 grams, and 40 to 60 grams of carbon dioxide per/km, respectively.  

Soil, water and food growing  

Pesticides are widely used by farmers to prevent and control pests, weeds and improve yield to maintain high 
product quality (Davies & Konisky, 2000, p. 59). In 1995, the field of pesticides in the main local crops, fruits and 
vegetables was estimated to be about 565 million pounds, an increase of 13% from 1990. Moreover, pesticides not 
only assist farmers to increase their crops but can result in water contamination (Masih, 2012, p. 59). There were 
77.5% of conventional pesticides, 57.2% of herbicides, 12.3% of pesticides, and 7.9% of fungicides (Masih, 2012, p. 
59). Pesticide residues in food, unpleasant exposure and water pollution are especially concerning (Masih, 2012, p. 
59). Pesticides can reach the surface water through runoff drain or from treated plants or soil (Kole, Banerjee, & 
Bhattacharyya, 2001). Fertilizers provide nutrients for food and plants but its widespread use brings numerous 
negative effects resulting in environmental contamination (Ayoub, 1999, p. 119), such as groundwater pollution and 
soil acidity.  Ayoub (1999, p.119) indicated that nitrates through soil leaching could cause serious harm to health and 
contribute to soil acidification. When using high nitrogen content or clover grass to fix significant amounts of 
nitrogen, especially in sandy or osmotic soils, there will inevitably be some nitrates that enter into groundwater 
(Ayoub, 1999, p. 119; Bradbear & Friel, 2011, pp. 6-7).  
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Food packaging and solid waste 

 Food waste  

Food waste represents a category of solid waste that is prevalent in food production and food retail. Disposal of 
food waste is the most common approach either through transportation to a landfill or garbage disposals connected 
to a sewer system (Marsh & Bugusu, 2007, p. 39). Food service and retail food outlets to some degree rely on 
alternative methods of disposal, including source reduction, recycling, and incineration (Marsh & Bugusu, 2007, p. 
39). The methods of source reduction include improved menu planning, food purchasing, food preparation, and 
portion control  (Marsh & Bugusu, 2007, p. 40). In today’s society, about one-third of edible food produced for 
human consumption is wasted (Gustavsson, Cederberg, Sonesson, Van Otterdijk, & Meybeck, 2011). In Australia, in 
2013, food waste cost Australian households more than $8 billion per year. A study by the Department of 
Environment and Energy (2016, para. 1) indicated that in 2011, Australians continued to generate 361 kg of food 
waste annually per/person. Consequently, approximately 6.8 million tonnes of carbon dioxide were released from 
landfills.  

 Food packaging waste 

Packaging is a necessary element of food product and a vital source of environmental burden and waste (Marsh & 
Bugusu, 2007, p. 40). Food packaging can affect food quality, such as oxygen and microorganisms. Also, it can retain 
the beneficial effects of processing, extend shelf-life and maintain the quality and safety of food (Marsh & Bugusu, 
2007, p. 40). Food packaging materials can include paper, glass, aluminium, steel, plastic or other mixed materials, to 
keep food safe and fresh (Marsh & Bugusu, 2007, p. 40). However, the mixed packaging materials like layers of 
polyethylene, foil and paper are difficult to recycle  (Masih, 2012, p. 26; Roy, Orikasa, Nakamura, & Shiina, 2014) and 
will remain in landfill space.  

Food sustainability development (handprint) 

 Seasonal food 

The concept of the handprint is to measure positive environmental actions performed by individuals or actions that 
are directed toward decreasing the carbon footprint (Gustavsson, et al., 2011). Mahadevan (2013, p.549) 
encourages the avoidance of food that has travelled over a distance and adopting the consumption of seasonal food 
instead of imported food. Seasonal food is food that grows naturally in the current local season. Consumption of 
local food can help to reduce the energy used in food transport and production (Mahadevan, 2013, p.549). 

Methodology 

This report will determine the potential environmental impact of food transport, packaging and growing (Lindh, 
Olsson, & Williams, 2016, p. 4). The Environmental Protection Act 1994 is used to monitor general environmental 
duty at weekend markets. Also, the audit tool will be based on ISO 14001. The recommendations of this article will 
support a forward-looking approach to managing the environmental issues such as air, land and waste.  

Measurement approaches and discussion 

 Audit approach  

The goal of the measurement approach is to audit the potential environmental impact of the Saturday food market 
at 60 Blamey Street, Kelvin Grove campus. The audit of the food market took place from 10 to 12 o'clock. The tools 
required were pen, paper and camera to record information. 

From observation, the farmers had used a truck to transport their food products. A picture of the food packaging 
waste at the corner of 60 Blamey Street is attached at the end of this section. 

 

 



Page | 129 
 

Waste management and sustainable development  

Sustainable development is development that protects nature’s resources for the future. Marsh and Bugusu (2007, 
p. 40) and Roy, et al. (2014) identified that some food packaging materials are made from various plastics and metal, 
which can directly impact the environment. Thus, proper waste management is essential for protecting the 
environment and natural resources. An integrated hierarchical waste management system outlined by the 
Environmental Protection Agency (EPA, 1989) includes source reduction, recycling, composting, combustion and 
landfilling. Recycling plastic (food packaging) is a way to minimise food footprint (Marsh & Bugusu, 2007, p. 42). For 
example, broken plastic bottles or other food packaging can be recycled to make clothes. Most food packaging is 
labeled to show whether or not it can be recycled.  

Recommendations 

 Organic food  

Organic farming is a way of growing food without using any chemicals. Compared with traditional agriculture, 
organic food does not use synthetic nitrogen, sludge fertilizer, or synthetic pesticides to maintain food quality 
(Davies & Konisky, 2000, pp. 61,71). Besides, organic farming has less energy consumption and greenhouse gas 
emission than traditional agriculture (Smith & Paladino, 2010, pp. 91-95). According to a study by Davies and Konisky 
(2000, p. 59), pesticide residues may increase health risks and the incidence of diseases such as cancer whereas 
organic farming produces healthier food. A study by Ljung (2007, pp. 117-119) shows that organic fruits and 
vegetables have more nutritious and beneficial phytochemicals that their conventionally grown counterparts lack.  

The weekend food retailers at the Kelvin Grove campus may adopt this approach to reduce the use of pesticides 
(Davies & Konisky, 2000, pp. 61,70).  To provide organic and non-chemical products food retailers can also use 
integrated crop management technology to reduce the use of pesticides and fertilizers(Davies & Konisky, 2000, pp. 
61,70). Growing organic foods is one good way to provide healthy food to consumers (Magkos, Arvaniti, & Zampelas, 
2006; Smith & Paladino, 2010). 

Conclusion 

In conclusion, the environmental impact reviewed here, specifically pollution, can be associated with food transport 
and growth. The longer the shipping distance, the more carbondioxide is released and higher carbon footprint. 
Environmentally relevant activities include promoting local food produce to reduce the carbon footprint by 
minimising food travel distance. Organic farming is a sustainable development approach that can replace traditional 
agriculture.  
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5.1.1:  Overview of Australia’s Domestic Energy Consumption Footprint and Handprint 

Author: Antoine Bailleres 

Introduction 

The use and management of energy are crucial in achieving sustainable development. Energy production has an 
environmental impact on air, water and land, but its impacts depend on how the energy is produced (Environmental 
Protection Agency, n.d). This implies that a more efficient use of energy and a reduction in energy consumption 
would lower the detrimental impacts to the environment caused by energy generation. Caring for the environment 
is important to human health and it positively impacts social and economic structures. Humans rely on a healthy 
environment and its biodiversity to ensure food and medicine supply as well as clean air and water. This is especially 
true for Australia because as an island colonised in 1788, Australia has kept a unique biodiversity, some dating to 
prehistorical times. Therefore, it is fundamental as part of protecting and improving the environment as well as 
human health to manage energy in an efficient way. However, adequate management without measuring is not 
possible. Therefore, to properly manage energy, it must be accurately measured with appropriate audit tools to 
identify sources of consumption, how energy is being used and its associated footprints (negative impacts) and 
handprints (positive impacts). Improved data collection and a better understanding of energy consumption may 
reveal systematic trends, which could help pinpoint current energy concerns and encourage movement towards 
sustainable development via collective management and solutions. 

The aim of this report is to review Australia’s domestic energy consumption and its measurement methods, what is 
being done and what can be done to reduce energy consumption footprint and increase its handprint and to achieve 
sustainable development.  

Australia’s Consumption 

As of August 2017, Australia has a resident population of over 24.5 million (ABS, 2017a) and a land area of almost 7.7 
million square kilometres (Geoscience Australia, 2017), making Australia’s population density approximately 3.1 
people per kilometre square (ABS, 2017b). Australia is an economically rich country due to its many resources, with 
a gross domestic product (GDP) of 1204.62 billion USD in 2016, which represents close to 2% of the world economy 
(Trading Economy, 2017). One of the largest sources of revenue for Australia comes from its natural resources, 
mainly metals and coal, which are mined and either used domestically or sold and exported (Minerals Council of 
Australia, n.d). Australia is the world leader in coal exportation and accounts for approximately 30% of the world 
trade (Department of Industry, Innovation and Science, n.d). In the years 2010-2011, Australia sold close to $44 
billion dollars’ worth of metallurgical and thermal coal (Department of Industry, Innovation and Science, n.d). 

How is Australia consuming energy? 

The most obvious type of energy being used and consumed widely in Australia is electricity. Around 86% of 
Australian electricity is produced from fossil fuels, with 73% coming from coal and 13% from natural gas (Origin 
Energy Ltd, 2017). The remaining 14% is produced by renewable energy, with hydropower accounting for 7% and 
wind, solar and bioenergy make up the last 7% (Figure 54) (Origin Energy Ltd, 2017). This indicates that the 
production of electricity is highly unsustainable as it principally results from mining – Australia and many countries 
rely heavily in coal fired electricity as it is cheap, reliable and used to be considered abundant (Origin Energy Ltd, 
2017). Around 40% of the world power generation comes from coal (Department of Industry, Innovation and 
Science, n.d). The low cost of coal is the reason renewable energies have difficulties competing with non-renewable 
energy sources. This means that the consumption of electricity impacts the environment greatly as it is principally 
produced by coal.   
 
Electricity consumption only comes 5

th
 in Australia; the main sources of energy consumption are: oil (37%), coal 

(36%), gas (19%), biomass (5%), electricity (3%) and heat (Figure 55) (Enerdata, 2017). These types of energies are 
mostly used by industries and on a large scale, which explains their high percentage.  
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Figure 46: Energy generation across Australia (Origin Energy Ltd, 2017) 

 

Figure 47: Breakdown of Australia’s energy consumption (Enerdata, 2017) 

In total, Australia consumed 117 million tons of oil equivalent (Mtoe) of energy in 2016, positioning it 21
st

 highest 
consumer of energy in the world, well behind China (3123 Mtoe) and the USA (2204 Mtoe) (Table 17) (Enerdata, 
2017). However, Australia has a much lower population than these countries, with only 24 million people, it comes 
53

rd
 in the world population ranking, whereas China is first with almost 1.4 billion people and the USA is third with 

close to 326 million people (Wikipedia contributors, 2017). Out of its total consumption, Australia in 2016 used (see 
appendix CC for detailed tables): 

 229-terawatt hour of electricity (17
th

 worldwide) 
 114 million tons of coal and lignite (9

th
 worldwide) 

 35 billion cubic metres of natural gas (24
th

 worldwide) 
 25 million tons of crude oil (30

th
 worldwide)  
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Table 16: Total energy consumption  

 

Due to its low population and strong economy and GDP, Australia is a higher consumer of energy per capita 
compared to some developed countries, particularly in Europe. In 2015, Australia consumed close to 5500 kilograms 
of oil or equivalent per capita, classing it 15

th
 worldwide (Graph 1) (The World Bank, 2017a). It is important to note 

that the countries that top the energy consumption per capita are often wealthy countries with very low population, 
and often located in hot or cold regions of the world which require thermal control (i.e. heating or cooling). The 
countries that top the list include Iceland, Qatar and Trinidad and Tobago (The World Bank, 2017a). Therefore, it is 
important to consider both the total energy consumption alongside the energy consumption per capita to obtain a 
clearer vision of the actual energy use of a country.  

 

Graph 1: Energy use (kg of oil equivalent) per capita in Canada, USA, Australia and the EU (The World Bank, 2017a) 

Total energy consumption (Million tons of oil equivalent) 

  1991 1996 2001 2006 2011 2016 2015 - 2016 
(%/year) 

2000 - 2016 
(%/year) 

World 8,817 9,446 10,125 11,864 13,146 13,903 1.0 2.1 

G7 3,529 3,835 3,989 4,100 3,843 3,799 0.0 -0.4 

Europe 1,781 1,849 1,889 1,982 1,864 1,822 0.7 -0.1 

European Union 1,653 1,710 1,737 1,800 1,658 1,591 0.2 -0.4 

America 2,609 2,890 3,081 3,277 3,262 3,314 -0.6 0.4 

North America 2,136 2,347 2,477 2,566 2,463 2,477 0.0 -0.1 

Canada 210 238 250 268 272 273 -0.3 0.5 

United States 1,926 2,108 2,227 2,298 2,191 2,204 0.0 -0.2 

Latin America 474 543 604 711 799 837 -2.4 2.1 

Asia 2,129 2,645 2,956 4,014 5,095 5,673 1.9 4.3 

China 848 1,073 1,180 1,986 2,805 3,123 1.4 6.5 

India 318 383 447 543 723 884 4.6 4.4 

Pacific 102 119 127 140 151 140 -7.9 0.5 

Australia 86 100 106 118 128 117 -7.3 0.5 

New Zealand 14 15 17 17 19 21 1.9 1.3 

Africa 395 445 505 603 698 784 1.9 3.1 

Middle-East 237 328 402 520 656 784 1.2 4.8 
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Australia still relies heavily on fossil fuels for many industries and approximately 93.4% of the total energy consumed 
in Australia was derived from fossil fuels (The World Bank, 2017b). The important trend to note is that comparatively 
to other developed countries whose consumption of fossil fuels have been on the decline since the 1980s, 
Australia’s consumption has been stable and unchanged (Graph 2) (The World Bank, 2017b). This is because 
Australia relies heavily on fossil fuels for its economy. On the other hand, some developing countries consumption 
have been on the rise since the 1980s due to their rapid growth and development rate, such as China (Graph 2).  

 

Graph 2: Fossil Fuel Energy Consumption (% of Total) 

Domestically, Australia consumed just over 4000 petajoules of energy half of which were caused by refined products 
(such as fuels); approximately a fifth were caused by electricity and another fifth by natural gas (Department of 
Industry, Innovation and Science, 2015). Half of the refined products consumed, or a quarter of the overall energy 
consumed were due to road transport and its use of fuels (Department of Industry, Innovation and Science, 2015). 
This is because Australia is a very large country, with a small population that lives around its coasts and distances are 
great between cities. Being a young country, and arguably due to its building costs, the railway system is fairly poor 
and road transportation still remains the preferred means of transportation.  

Other industries that are major contributors to energy consumption include mining, residential and non-ferrous 
metals (Department of Industry, Innovation and Science, 2015).  

Table 17: Australian energy consumption 2014-15 (in petajoules, PJ) (Department of Industry, Innovation and 
Science, 2015) 
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In 2012, a typical Australian household would use: 

 40% of its energy on climate control (heating or cooling) 
 33% of its energy on appliances and equipment (e.g. fridges, stoves, TVs etc) 
 21% of its energy on water heating 
 6% of its energy on lighting (McGee, 2013) 

A typical household would spend an average of $99 per week on energy, $39 on the dwelling’s spending (see above) 
and the remaining $60 on fuel for vehicles (ABS, 2013). These figures correlate with the data from table 18 which 
indicate that road transport account for a major part of Australia’s overall use of energy.  

In the year 2014-15, Australia’s consumption increased by 1% compared to the previous 2013-14 year, but overall it 
has been slowly decreasing since 2011-12 (Department of Industry, Innovation and Science, 2015).  

Measurement approaches and audit tools 

In Australia, the Australian Energy Statistics is the official authoritative source of energy data and is the basis for its 
international reporting duties (Department of Industry, Innovation and Science, 2015). The data is updated and 
published annually, and other institutions such as the International Energy Agency (IEA), the US Energy Information 
Administration (EIA) and the European Environment Agency also record and publish energy data periodically, which 
are all then gathered to generate world data. The IEA developed an international treaty, to which Australia is 
signatory of, the International Energy Program (IEP) (Department of Environment and Energy, n.d). Part of the 
agreement is that Australia must report its energy generation and consumption annually to the IEA (Department of 
Environment and Energy, n.d).  

The main means of measuring electricity, gas and water consumption is using meters, which are installed in every 
building that is equipped with electricity and used by energy companies for quantifying electricity use (Energy 
Information Administration, 2017). Traditionally, meters are located outside the house and only display the total 
consumption for the building and does not detail where the energy is being used and how much (Energy Information 
Administration, 2017). New direct feedback meters, also known as smart meters, are now available in the market. 
These meters aim to provide live feedback on energy consumption of a building by displaying its origin of 
consumption within the building and its intensity, calculated in power and dollars. These dynamic in-home displays 
(IHDs) provide the customer with the data required to manage their energy use and are a vehicle for consumers to 
change energy management behaviours (Faruqui, Sergici & Sharif, 2010). 

Discussion 

Although Australia is still a major consumer of energy worldwide and vastly uses fossil fuels as its source of energy, it 
is now progressing towards a more sustainable and efficient use of energy to reduce its environmental footprint. In 
2000, the government introduced the Renewable Energy (Electricity) Act (2000) and a mandatory Renewable Energy 
Target Scheme in 2001 (Department of the Environment and Energy, n.d). Various programs, schemes and 
incentives were implemented in Australia with the intention to reduce the energy consumption and its associated 
footprint or use energy more efficiently or from renewables and increase its handprint. Such programs include the 
Nationwide House Energy Rating Scheme (NatHERS), which is star rating system that aims to rate energy efficiency 
of homes that can help residents to find ways to save on energy and make smarter design decisions. Indeed, energy 
efficient buildings by design are becoming more popular as it aims to reduce energy consumption by reducing the 
amount of energy loss. Energy efficient buildings offer a wide range of benefits: they are cheaper to operate, more 
comfortable to be in and more environmentally friendly. This benefits to the handprint of Australia. 

Clean energy has many benefits that individuals, businesses and governments are starting to focus on areas such as: 
reduced air pollution and emissions of greenhouse gases, cheaper cost of energy, improved economic development, 
job creation and enhanced energy system reliability, durability and security (Environmental Protection Agency, n.d). 
In Australia, although only 14% of the energy produced in Australia came from renewable energies, clean energy 
solutions are on the rise. For example, in 2008 the Queensland government introduced a Solar Bonus Scheme, which 
entitled beneficiaries to receive a feed-in tariff in exchange for their excess electricity (Department of Energy and 
Water Supply, 2015); on top of that the federal government introduced solar photovoltaic rebates, which boosted 
the use of solar generated electricity (Graph 3) (Macintosh & Wilkinson, 2010).  
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Graph 3: Number of household in Australia with small solar generation units installed 2001-2011 

There exist many ways to reduce environmental impacts by offering the beneficiary energy and cost cuts. These can 
include: the design of buildings and facilities so there is natural climate control (through insulation, ventilation…), 
use of energy efficiency strategies to regulate equipment such as cooling or heating and use equipment that 
maximise energy savings (Schneider Electric, 2011). It is important to have the information and the data on energy 
use to manage it and reduce costs and it is the reason why energy monitoring systems (EMS) are tools that help to 
measure accurately the use of energy and its origin at one’s home or business (Schneider Electric, 2011). Having 
detailed data on when, where and how the energy is consumed can help implement the appropriate management 
system to use energy more efficiently and reduce energy use. EMS with IHD’s are one of the few available audit 
tools that are accurate and can be installed in homes and businesses to aid monitoring. 

Recommendations 

As discussed previously, governance and leadership play a major role in managing environmental impacts. Having 
appropriate legislations, standards, schemes, incentives and education play a major role in energy consumption. For 
example, in 2009 the EU introduced the Renewable Energy Directive because of the growing concerns on the 
impacts energy sources such as fossil fuels have, and their associated pollution. This directive aims to promote and 
increase the use of renewable energy to combat the rise of pollution associated with fossil fuel energies (European 
Union, 2009). It requires the EU to use 20% of their energy from renewable sources. Such directives could be applied 
in Australia at federal, state or even business levels. Individuals can go further than that to further save their energy 
consumption and in turn save money and save the environment.  

The government should continue to use programs to incite people to reduce their energy consumption. Such 
programs could include: insulation rebate for new and existing buildings or IHG’s for energy consumption rebate. In-
home displays are a great tool that is recommended for individuals and businesses to accurately measure their 
energy use and manage it accordingly to reduce cost and environmental impacts of energy consumption. 

Improving public transport system and making it affordable to everyone could incite people to not use their vehicles 
and therefore reduce their energy use associated with transportation. 

Conclusion 

Australia is a big consumer of energy for its population density, and the energy consumed results in major party 
from unsustainable, non-renewable fossil fuel energies. Although the country is trying to implement a new 
governance that focuses on sustainability and reducing its environmental footprint, the government still support the 
mining and use of fossil fuels as it is a major contributor to the Australian economy. This is the paradox that the 
government is stuck in: Australia tries to invest its wealth into renewable energies and sustainable development to 
protect the environment while continuing to thrive as a nation, however the country’s wealth depends heavily on 
the income that fossil fuel industries provide. A progressive transfer from non-renewable energies towards 
renewable and sustainable energies without an economic impact is possible if well governed. The public opinion 
greatly influences Australian politics and public education and awareness has pushed governments around the world 
to take appropriate steps to start recognising and protecting environmental values necessary to human health. As 
seen in this paper, governance plays a major role in energy use: when the appropriate legislations, policies, schemes, 
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education etc. is properly set in by governments, it plays major role in how energy is produced, and the way energy 
is used. Accurate measurements of energy use that can be broken down into when, where and how the energy is 
used is crucial to improve energy management, from individual level, to business or state levels. 

The public is becoming more aware of the environmental issues associated with energy consumption and many 
work toward reducing their individual consumption of energy to save on energy cost but also to protect the 
environment. The public is becoming more aware that acting locally impacts the planet.  
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5.2.1: Temperature control systems  

Introduction  

Climate change is real and sustainability actions are needed both at local and global level (Pandya, Vyas, Schwarz 
& CEE, n.d).  Regarding energy use, a temperature control system is useful in controlling temperature and humidity 
within a given space and the quality of the air is a key contributor of electricity use resulting in primary consumption 
of energy and carbon emissions from fossil fuel burn (Ogu, 2011, p. 1). The use of air conditioning and heating 
system has increased dramatically in the university, residential areas and businesses (SMC Corporation, 2011).  
In the light of sustainability and environmental management, footprints and handprints are two needed aspects to 
encourage the transfer of global environmental policy to personal action (local level) (Pandya et. al., n.d). Footprint 
is a measure of impact of human pressure on earth’s resources and ecosystem services (Pandya et. al., n.d). 
However, Handprints are initiatives towards reduction of ecological footprint. The Handprint is, therefore a symbol 
of commitment to positive action toward sustainability, which reflects the spirit of hope, responsivity and 
enthusiasm (Pandya et. al., n.d). Footprint and handprints help people to find the best practice for a more 
sustainable lifestyle that leads toward a sustainable society and planet (Pandya et. al., n.d).  

Description of the KG village 

Kelvin Grove (KG) village located approximately 3 km form Brisbane’s city centre. It is made up of residential areas 
and various types of businesses such as supermarkets, bars, restaurants etc. (QUT, 2014). As a master-planned 
community, KG village showed the best practice in environment management and sustainability (KG Village, n.d). KG 
Village is within QUT KG Campus and have a major contribution to electricity use resulting in energy consumption 
and carbon emission.  A walk-through survey of the campus revealed that temperature control systems are installed 
in lecture rooms, individual offices for staffs and research students, theatre rooms, library, computer lab and 
research laboratories. The area inspected within KG campus for this review in shown in the map below (figure 59). 

 

Figure 48: Map of KG campus showing area inspected. 

 Significance of the review   

QUT has become increasingly reliant on mechanical heating, ventilation and air -conditioning system to be the sole 
source of thermal comfort within university buildings, especially in summer months.  Based on observation, 
university activities and lifestyle of stakeholders’ in QUT significantly influence the extent of energy consumption 
from the temperature control system. As such, energy consumption and saving based on efficient energy 
management and sustainability is needed. For a holistic improvement, the audit tools suitable for KG campus and its 
stakeholders are required to identify the challenges and opportunities for short- and long-term improvement in 
energy management.  
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Literature review  

Based on AS/NZS 39598: 2000 level 1 audit, the overall energy consumption resulting from operating the 
temperature control systems in the areas of Kelvin grove village and other similar organisations will be reviewed. 
National Strategy on Energy Efficiency (2012) identified that the significant factors that contribute to energy 
consumption and saving are difference in individual behaviour, building design, type of temperature control system, 
climate and each of these will be reviewed. 

An efficient temperature control plant is installed in KG library, including switching air conditioners in favour of a 
larger and centralised chiller (Cooperation Sustainability Group, n.d). Another initiative is installation of system level 
controls including microprocessor control for more accurate indoor climate control, minimal heating and chilled 
water energy metering (Cooperation Sustainability Group, n.d). QUT noted that KG campus initiated the energy 
efficiency and management programs to reduce electricity demand including chiller tuning, efficiency 
enhancements, recalibration and replacement of CO2 sensor air conditioning control for lecture theatres 
(Cooperation Sustainability Group, n.d). Likewise, National Energy Efficiency Network (2015) concluded that 
switching off HVAC system where not needed, optimising temperature and humidity setting, minimising heat gain 
and improving ventilation were rated as some of the effective ways to save the energy. 

At the University of Queensland, actions such as keeping door and windows closed in air-conditioned space and 
allowing the air conditioning to operating only when needed amongst other measures has been found beneficial 
(The University of Queensland, 2010, p.1).  

Natural Resource Canada (2005) highlighted that insulation or solar shading, shielding the building with trees, 
insulating hot surfaces, isolating heat-generating equipment from AC sensors and providing local exhaust and make-
up air is able to reduce heat gain in an air-conditioned space thus reducing electricity consumption. Another way 
QUT has tried to improve energy efficiency within KG campus is by replacing and resealing existing windows, 
upgraded the glazing of existing windows and maximized the surface area of exposure of pre-existing concrete wall 
and floors (QUT Library, 2015). 

In implementing sustainability through design of building, KG campus used the creative industries precinct as a test 
site with the installation of air conditioning push button activation controls, global temperature reset and reducing 
the teaching air conditioning with rundown times set to two instead of three hours (QUT sustainability, n.d).  

In respect to KG stakeholder communication, QUT has initiated the green workplace policy to enhance staff 
involvement. As such, staff working in individual offices advised to switch on air conditioning only when needed at 
24°C (QUT sustainability, n.d). Secondly, energy-saving checklist related to using air conditioning in KG is emailed to 
QUT staff before holiday and breaks to raise awareness and tune the staffs’ behaviour to efficient energy 
consumption (QUT Facility Management, n.d). In addition, QUT initiated a green champion program. This allows QUT 
employees to identify concerns of ecological footprint due to a temperature control system allowing the participants 
to generate ideas with their peers towards handprint initiatives (QUT Green Champion).  

Measurement approaches and Audit Tools  

Walk-through survey  

On-site inspection, which is the least expensive, is potentially able to capture valuable information on electricity 
consumption and saving (Office of planning and sustainable communities, 2007, p.6). The areas that is inspected 
include the building components and systems relating to heating, level of energy consumption audit, the details of 
clients and responding to issues and questions raised in the initial assessment (Standard Australia/Standard New 
Zealand, 2000).  Such approach is used for comparison to best practices and to demonstrate how the systems are set 
up, what systems are operating, and the control method used to manage temperature control systems in the 
building (Office of planning and sustainable communities, 2007, p.8).  

Inspection of insulation  

An inspection of the building is undertaken to assess the quality of the installed insulation equipment such as ceiling 
insulation, wall insulation.  The following two measurement approaches is applied to audit the energy-efficiency of a 
temperature control equipment 
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 Thermal inspection of the wall and ceiling:  This is examined with a thermal camera. The overall insulation 
capacity installed in the inspected area is evaluated through the thermal image that demonstrates how well 
materials are stored, conduction and heat radiation (Ambrose & Syme, 2015, p.20). The thermal image is 
able to help identify where there are gaps in insulation thus allowing air movement and dampness. There 
are, however, a number of factors that can influence on the thermal image including sunlight, lights, 
television, computer and people (Ambrose & Syme, 2015, p.22). 

 Visual inspection is undertaken through a hatch access to the roof space where accessible. However, the 
limitation of this method is that it is solely the access panel that is investigated since the assessor in the 
roof space is not able to move for safety purposes (Ambrose & Syme, 2015, p.25).  

Inspection of the weather sealing   

The auditor need to check the window and external doors for the current condition of weather sealing (Ambrose & 
Syme, 2015, p.25). 

Inspection of ductwork  

Two different ways to determine the energy efficiency of ductwork is discussed.  

 R-value of insulation: The inspectors need to identify the R-value of ductwork which is written on the 
ductwork, as labelling is a compulsory requirement under AS 4254.2-2012 (Standard Australia, 2012). Duct 
sealing requirement is shown in the table 19 below. 

Table 18: Duct Sealing Requirement (Source: AS 4254.2 – 2012) 

Seal Class  Sealing required  Static pressure classification, Pa 

A All transverse joints, longitudinal segment and duct wall 
penetration 

>999 

B All transverse joints and longitudinal seams  501-999 

C Transverse joint and longitudinal seams for 50 mm from the 
end of each piece of duct  

<501 

 
 The inspector need to check for the condition and presence of insulation around duct fitting, junctions and 

connections (Ambrose & Syme, 2015, p.25). 

Application of audit tools in KG village setting and stakeholders  

To ensure a holistic audit tool, the process identified in “an energy audit manual” is applied and the components of 
this tool will be consistent with AS/NZS 3598:2000.  

Scope  

The scope of the audit tool is to identify priority elements regarding energy footprints and handprints resulting from 
operating a temperature control system in the KG village. To ensure a representative data is obtained, the audit tool 
will focus on the entire buildings and activities contributing to use of air conditioning and heating system within KG 
campus (appendix FF). 

Equipment  

Equipment Functions 

Pens/Pencils  For documentation of general comments and recording during the audit process (A 
Copper Alliance Initiative, 2005). 

Camera  Camera will be used to take a photo of any relevant items in the inspected areas to 
encourage identification of energy consumption challenges and opportunities for a 
temperature control system (A Copper Alliance Initiative, 2005). 

Thermal imaging camera  
 

Used for locating leakage of air and moisture (A Copper Alliance Initiative, 2005). 
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Stakeholders  

The following stakeholders’ impacts on the aspects of footprint and handprints in QUT settings 

Role Responsibilities 

Auditor Through the conduction and review of the audit results, an auditor positively 
influences the energy use and saving within QUT. Skilled auditor should 
identify energy saving opportunities and challenges to improvement  

QUT staffs  QUT staffs consume the energy by using air conditioning and heating 
systems in their individual offices and lecture rooms.  

QUT students Use the air conditioning and heaters in a number of university facilities such 
as lecture theatres, library, computer labs etc. 

QUT Vice-Chancellor and QUT 
Facility Management staffs  

QUT vice-chancellor and sustainability department have responsibilities to 
set energy management policies and provide funding for energy efficiency 
programs and awareness campaigns.  

KG community  Raise community awareness on commitment to environmental sustainability 
and can influence QUT policies on sustainability. 

 

Schedule  

Auditor should conduct on-site inspection at different times to account for air-conditioning and heating system 
usage during on peak and off-peak teaching periods. A frequency of once a month audit should be ensured for on-
going improvement.  

Health & Safety  

There may be a risk of excess sunlight exposure, slips, trips and falls, being hit by falling objects therefore, 
sunscreen, jumper, hard hats and safety shoe is needed.  

Discussion  

Based on literature review, observation, and walk through audit, the effectiveness of energy efficiency approach of a 
temperature control system being undertaken in KG campus will be discuss in the below table  

Local Action schemes  Interpretation of energy footprint and 
handprint. 

Finding of the audit  

Installation of building 
fabric and layout in KG 
library and resealing and 
upgrade of glazing of 
existing windows 

Good sealing of doors and windows 
where use of air conditioner is needed to 
minimise leakage of air and prevent 
external air and rain from entering into 
the building. This can save up to 25% of 
heat loss.  

Based on a walk-through survey, some 
areas seem to have a prioritised use of 
air conditioning, including KG library, 
lecture rooms (N, O, B block) and 
lecture theatre (F block). It was found 
that all windows and external doors 
were well sealed. There are no gaps 
between doors or window and building 
walls or floors.  

Push button air conditioning 
activation in the teaching 
zone and offices  
 
 
 
HAVC Chiller turning  

Saving electricity use with manually 
turning on the button instead of 
automatically activation by a time clock.  
 
 
 
Improve the HVAC chillers to increase 
chiller efficiency and minimise electricity 
use  

The system is effective to reduce use of 
air conditioners. This is because all the 
push buttons have the same layout and 
its’ visible (adjacent door entrances or 
light switch).  
 
It is not possible to check without 
health insurance and permission from 
QUT facilities management and no 
information is available on peer 
reviewed and gray literature.  
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The assumptions and constraints in the audit tools are:  

 Without adequate supervision by the senior environmental staff, the audit may be interpreted and 
reviewed inaccurately and inadequately by auditors.  

 Poor description of the building temperature control equipment namely wall, roof, infiltration would 
contribute to inaccurate and inadequate interpretation of the audit and may result in greater risks  of 
reduced sustainability in energy management  within the KG 

 Without clear and complete scope of the audit tools, there may be a risk of missing opportunities for 
improving energy consumption and saving in the KG setting. In that regard, improving energy footprint and 
handprint will not fully delivered to the relevant stakeholder such as QUT staffs and students.  

Recommendation  

 The senior staff need to participate in all steps of the audit, including planning, auditing and review, 
ensuring that the audit tool is holistic and fit for purpose and maintain adequate communication to the 
entire staff at QUT.  

 Involvement of all stakeholders in transferring sustainability policy(s) into the local actions. Effective 
communication and consultation with QUT community, students, staff and businesses should be 
maintained throughout audit process.  

 There are a number of effective energy saving strategies in QUT. There is need for an awareness campaign 
on energy consumption regarding temperature control system in KG campus.  

Conclusion  

This report reviewed the energy consumption related to temperature control systems at QUT, the energy efficiency 
strategies in place and recommended audit tools to monitor and inform decision-making on improvement areas in 
QUT energy management.  

QUT has implemented several energy efficiency programs that are consistent to other universities energy-saving 
activities. As such, those schemes are the opportunities to reduce the energy consumption (footprint) and enhance 
awareness and actions in terms of using air conditioning and heating equipment on daily basis.  The modified audit 
tools for the temperature control system is designed to capture the energy footprint and handprint in buildings 
within QUT Kelvin Grove campus. To identify energy challenges and opportunities in KG, the contributing factors on 
temperature control system that impact on electricity consumption such as individual behaviour, equipment 
installation and maintenance, building envelope were taken into account in developing the audit tools. Based on on-
site inspection, the initiatives for energy management and efficiency of a temperature control system are effective 
approaches. However, there is need to raise awareness of the footprint and handprint of energy use from the 
temperature control system and encourage personal actions towards improvement. It is also important to control 
the quality of the audit process to prevent inaccurate findings and human errors.  
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5.2.2: Vehicles on campus  

Author: Mohammad Shiri 

Introduction to Kelvin Grove student village 

Kelvin Grove Urban Village (KGUV), as shown in Figure 60, is consisted of education, dwelling and office settings, 
which makes access to travel vital (Queensland University of Technology, 2017). 

 

Figure 49: Land use pattern in Kelvin Grove Student Village (Retrieved from Shatu & Kamruzzaman (2014). 

According to Australia State of the Environment review in 2016, the key drivers of environmental change in Australia 
are population and economic activity, consequently leading to higher car ownership by residents (Commonwealth of 
Australia, 2017). 

Transport 

Transport sector is a major consumer for fossil fuels, contributing to air pollution and global warming (Dobranskyte-
Niskota, Perujo & Pregl, 2007). Within atmosphere, one-third of chlorofluorocarbons (CFCs), one-fifth of carbon 
dioxide, and half of nitrogen oxides are associated with transportation (OECD, 2008). Moreover, carbon monoxide, 
nitrogen oxides, volatile organic compounds and particulate matter are the main pollutant emissions from cars 
(Department of Environment and Energy, 2017) 

Transport activity contributed 78.8 million-ton of CO2; 13% of Australia’s net emissions in 2007 (26.9% increased 
since 1990). Among this, road transport was the main source and accounted for 68.5 Mt CO2 (11.5% of national 
emissions). Passenger cars were the largest source of road transport emissions contributing 41.9 Mt CO2 (ABS, 
2010). 

Sustainable transport 

OECD has defined sustainable transport as “transportation that does not endanger public health or ecosystems and 
meets the needs for access” (EA, 1999; Reisi, Aye, Rajabifard, & Ngo, 2016). 

Transportation is an important factor in sustainability, according to its economic, social and environmental effects 
(OECD, 2008). In other words, the adverse environmental and social impacts of transport burdens substantial cost 
on society. The traffic cost associated with air pollution, noise and accident is estimated to be minimum 5% of GDP 
within developed countries (Verhoef et al., 2001). As such, the urban transport system is a prominent element of 
urban sustainability, because of its impacts on environmental, social and economic aspects of ecosystems 
(Haghshenas and Vaziri, 2012). 

The number of studies researching on sustainable transport systems is increasing (Reisi, Aye, Rajabifard, & Ngo, 
2016). Accordingly, various policies and plans have been suggested to make current and future transport systems 
more sustainable. Land use planning, car technology, car usage and driving behaviour, governmental policies and 
regulations, and community consultation and community desires and pressures toward cleaner productions were 
the main key factors for transport sustainability amongst many other factors. 

Amongst the aforementioned key factors for sustainable transport, land use planning (urban designing) has an 
essential function in the success of any recommended policies and plans for sustainable transport (Reisi, Aye, 
Rajabifard, & Ngo, 2016). For example, land-use patterns impact the quality and quantity of travel by affecting 
people’s access to their desired facilities and destinations (Litman, 2015). As such, over the past 20 years, compact 
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development, extensive development, and decentralised concentrated development, were dominant urban 
planning policies initiated to provide a more sustainable transport (Litman, 2015). 

A vast body of literature states that centralised or dense suburbs have less car fuel consumption (Bartholomew, 
2007; Stone et al., 2007; Jakimavicius & Burinskiene, 2009). Of the 80 reviewed urban planning scenarios in 50 US 
cities by Bartholomew (2007), 11% rise in density was equal to 2.3% and 2.1% decreases in the vehicle-miles-
travelled and NOx emissions respectively. Another study by Stone et al. (2007) demonstrated that a 10% rise in 
density would decrease vehicle-mile-travelled and vehicles air emissions by 3.5%. Finally, Jakimavicius and 
Burinskiene (2009) found that compact and mixed land-use led to less fuel consumption in cars than other urban 
planning types. 

Measurement of sustainability and optimization are at the core of transport sustainability (Office of Research, 
Development, and Technology, 2010). As such, there are major short-term and long-term plans that have been 
developed to make vehicles more sustainable across their entire life cycle. Short-term plans aim to increase vehicle 
fuel efficiency and decrease emissions, whereas long-term plans are committed to replace fossil fuel based energy 
with renewable energy from renewable resources (Office of Research, Development, and Technology, 2010). 

Sustainable transport positively influences the environmental, economic and social aspects of their corresponding 
community. It delivers social and economic opportunities, gained through increased mobility (Schafer,1998), and 
delivers environmental opportunities through provision of low emission transport options (Low Emission 
Development Strategies Global Partnership, 2016). Yet, the benefits of increased mobility should be evaluated 
against the environmental, social and economic costs imposed by transport systems (Low Emission Development 
Strategies Global Partnership, 2016). 

The single most striking observation to emerge from the social, economic and environmental aspects of 
sustainability is that achieving an environmentally sustainable transport has become very challenging. On the one 
hand, environmental aspect issues such as CO2, air pollution, noise, congestion need to be treated properly. On the 
other hand, social issues such as health problems, demographic trends, people with limited mobility, children and 
social cohesion need to be tackled in accordance with fostering economic growth and to taking into account the 
needs of persons with reduced mobility, families and children (WHO, 2009). 

Health Effects 

Every year 2.4 million premature deaths originated from outdoor air pollution could be prevented (The United 
Nation Environment Program). The environmental and health effects from transport has been depicted in Figure 61 
below. 

 

 

Figure 50: Environmental and health effects of transport (Regional office for Europe, WHO, 2009). 

In terms of social aspect, the social costs of transport include air pollution, road crashes, vulnerability to rise in fuel 
price, and adverse health effects from physical inactivity (WHO, 2009). It is important to highlight the socially 
unequal aspect of transportation as many of these side-effects influence those who do not have cars, based on the 
Social Exclusion Unit of U.K Office of Prime Minister (2003). In terms of economic aspect, traffic congestion waste 
commuters’ time and inhibits goods and services delivery. 
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Footprints, handprints and associated challenges 

Transport systems, in 2004, produced 23% of greenhouse gas (GHG) resulting from world energy usage, of which 
around three quarters were related to road vehicles. Currently, 95% of transport energy is sourced from fossil fuels 
(Kahn Ribeiro, 2007). The life-cycle-environmental-impact of vehicles needs to be applied in order to not only 
consider the usage of vehicles but also the manufacture and disposal of vehicles, in adjacent with transport 
infrastructures such as constructing, using and demolishing roads, bridges etc. (Pearce, Johnson & Grant, 2007).   

To manage the side-effects of transport many initiatives have been recommended or implemented including as 
follows (Kahn Ribeiro, 2007): decreasing the weight of vehicles (Trancossi, 2016), recommending electric and hybrid 
vehicles, changing driving behaviour, decreasing the friction of tires. Furthermore, non-vehicle related solutions 
include using sustainable public transport and walking and cycling instead of using private cars.  

Hybrid and gas-based and biofuel vehicles are other common forms of vehicles. In comparison with typical vehicles, 
hybrid vehicles have better fuel efficiency as the internal combustion engine is combined with an electric engine, 
and vehicles running on natural gas or biofuels emit less pollution (OECD, 2009). 

Although green vehicles appear to pose less environmental footprint than other vehicles due to having less Co2 
emission, their main weakness with them is that when their environmental impact is assessed over the whole of its 
lifecycle, this may not be situation anymore (MacLean & Lave, 2003). A possible explanation for this might be 
associated with the energy source from electricity (Brinkman, 2012). So long as oil, gas, and coal are the primary 
sources of electricity in most countries, electric cars will lead to the same or even higher CO2 emissions compared to 
fossil fuel based vehicles (MacLean & Lave, 2003). 

One criticism on green vehicles from much of the reviewed literature is that they are just only more fuel-efficient 
than standard vehicles but still contribute to indirect forms of environmental impacts such road crashes and traffic 
congestion. As such, private cars are less fuel efficient than public fossil-based buses as they use more fuel per 
passenger, and more road space, in comparison with public transport. Obviously, this efficiency could be higher in 
electric buses (National Research Council, 2001).  

Cars 

Diesel and unleaded petrol have approximately 10.15 kg and 8.91 kg of CO2 per gallon. 

The figure below shoes the position of private vehicles in comparison with other forms of transport. 

 

Figure 51: Grams of CO2 emissions per passenger kilometre. Retrieved from 
https://www.eea.europa.eu/media/infographics/co2-emissions-from-passenger-
transport/image/image_view_fullscreen 

  

https://en.wikipedia.org/wiki/Green_vehicle
https://en.wikipedia.org/wiki/Life_cycle_assessment
https://www.eea.europa.eu/media/infographics/co2-emissions-from-passenger-transport/image/image_view_fullscreen
https://www.eea.europa.eu/media/infographics/co2-emissions-from-passenger-transport/image/image_view_fullscreen
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Measurement  

 

 

 

 

Because the acceptable levels of resource use and its corresponding environmental impacts is unclear, describing 
the sustainability of a motor vehicle is complex (Smith, Axon & Darton, 2013). One question that needs to be 
answered is how much of an urban’s acceptable carbon dioxide production should be allocated to Vehicle’s 
transport. Another question is to know how to achieve a balance between economical improvements and 
deterioration of the environment. For example, reduction in emissions (which is good for environment) may lead to 
the rise in cost of vehicles (which is bad from society’s economic viewpoint). These issues are social conflicts and 
ensuring a balance reflects societal priorities (Smith, Axon & Darton, 2013). To make the direction of sustainability 
clearer, Tahir & Darton (2010) point out that resource efficiency and fairness needs to be included as general guide 
toward sustainability in every economic development. 

To assess and evaluate the sustainability of vehicles at Kelvin Grove Student Village (KGSV), a method so called 
Process Analysis Method (PAM) has been selected. This method presented by Tahir & Darton (2010) to generate 
indicators to demonstrate the sustainability of a business. This method is well-designed as it satisfies the criteria 
recommended by Bass & Dalal-Clayton (2012) as it is systematic, logical, hierarchical and communicable. 

Process Analysis Method (PAM) breaks the transportation system down into three phases (processes) and defines a 
boundary for them. Then, tries to evaluate each phase’s impact on the three sustainability aspects of environmental, 
economic and social. Each of these three aspects contains a store of values that can be affected positively or 
negatively by impacts from each of the three phases (processes) of the transport system. Impacts can be 
constructive or deconstructive and may generate one or more issues, that affect one or more stakeholders (external 
impact receivers (EIR)). An example of a negative impact includes primary energy resource depletion (impact), which 
leads to less available resources to satisfy the need of future generations (issue). An example for positive impact is 
that motor vehicles provide mobility (impact) which enable people to commute (issue). Then indicators are chosen 
to demonstrate these issues. These interconnected steps have been illustrated in Figure 63. 

 

Figure 52. Logical chain regarding the impacts on the three aspects of sustainability (environmental, social and 
economic). (Source: Smith, Axon & Darton, 2013). 

To capture a comprehensive overview of the motor vehicles in the village, the life-cycle of the vehicles have been 
considered. PAM has divided the life-cycle into the three main phases of manufacture, use, and end of life. This has 
been depicted in Fig. 64. The resulted impacts from each of the three phases in Figure 64 can be linked to both 
resources (inputs) and products and waste (output) of the system (motor vehicle). Resources refer to energy, water, 
workforce materials and land. This system, within the phase of use, produce both mobility (favourite output) and 
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waste (degraded or less valuable output) after using input resources. This has been depicted in Figure 65, including 
the interest of stakeholders for the three aspects of sustainability. 

 

Figure 53: The three major phases within the life-cycle of motor vehicles. (Source: Smith, Axon & Darton, 2013). 

 

Figure 54: A comprehensive overview of the system. (Source: Smith, Axon & Darton, 2013). 
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Scope & Boundary 

 System: System in this report refers to KGSV motor vehicles 
 System boundary:  

o operation of car (in KGSV) and  
o manufacture, sale, insurance, maintenance disposal of cars (out of KGSV).  

Note: Ignoring the impact of the processes outside of KGSV can misrepresent the overall sustainability of the system. 
Therefore, their embodied energy and emissions is considered (emissions within manufacturing of automobile 
automobiles and fossil fuels).  

 Spatial boundary: geographical boundary of KGSV  
 Exclusion:  

o Indirect infrastructure such as roads and fuel stations because of their non-car related activity; 
how mobility needs of the public can be met by other alternative ways such as change in urban 
planning. 

o Other transportation options such as travelling by train and, flying, cycling, walking, or other ways 
of mobility are not within the scope of this report. However, this report’s finding will disclose the 
current ecologically sustainable performance of motor vehicles within the village and would serve 
as guide for future policy makers. 

 Temporal boundary: 2016-2017. The impact originated during this period can be extended to 100 years 
later. 

 Assumptions: mobility is considered to be a positive activity. 
 Aim: To analyse motor vehicles’ efficiency; how well are they equitably available to people of KGSV. 

Stakeholders 

Internal Impact Generators (IIGs): It refers to the decisions or policies taken by stakeholders within the life-cycle of 
the vehicle, and consequently impacts on the three aspects of the sustainability. IIGs are vehicle user’s decisions, 
government policy and regulation, car manufacturer design, research and development choices, car manufacturer 
sustainability policy and practices. 

External Impact Receivers (EIGs): They change the value of sustainability aspects, consequently affecting the owners 
or guardians of the capital. Regarding any specific impact, their concerns constitute issues. EIRs are: communities, 
future communities, users, employees, and capital providers. 

Indicators 

It includes environmental, social and economic indicators which are presented in the audit tool tables. 

Audit Tool 

A comprehensive audit tool comprised of the main three pillars of sustainability – environmental, social and 
economic – has been drafted and attached in appendix GG. 

Results and Discussion 

The tables below have been extracted from a survey conducted in 2011 on people who were studying or living KGSV. 
This survey results have been accompanied by statistics from ABS to obtain a more comprehensive understanding 
from the car usage status in this area. Therefore, the following tables depicts the average distance travelled a day, 
distribution of travel by destination, number of registered vehicles at this area. 

These following tables shoes the information as listed below: 

 Average kilometres travelled at KGSV 
 Distribution of travel at KGSV 
 Number of motor vehicles in 2011 
 Age 
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Table 19: Average distance travelled by mode for different activities in a day 

 

(Source: Shatu & Kamruzzaman (2014). 

Table 20: Distribution of travel distances to different activities in the case study areas 

 

(Source: Shatu & Kamruzzaman (2014). 

Table 21: Modes of travel to work in Australia in 2009. 

 

Source: http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4613.0Feature+Article1Jan+2010 

Table 22: Number of registered vehicles at Kelvin Grove in 2009, compared with QLD & Australia. 

 

Source: 
http://censusdata.abs.gov.au/census_services/getproduct/census/2011/quickstat/SSC30861?opendocument&navp
os=220 

  

http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4613.0Feature+Article1Jan+2010
http://censusdata.abs.gov.au/census_services/getproduct/census/2011/quickstat/SSC30861?opendocument&navpos=220
http://censusdata.abs.gov.au/census_services/getproduct/census/2011/quickstat/SSC30861?opendocument&navpos=220
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Table 23: Age of vehicles at Kelvin Grove between 2004-2008. 

Age of vehicle  2004 2005 2006 2007 2008 

Less than 5 years old no.   1 032    916    905    893    947 

5 years to less than 10 years old no.    701    699    712    777    835 

10 years or older no.   1 032   1 056   1 085   1 134   1 162 

 

 

Figure 55: Age of vehicles in Australia, estimated. Source: 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyReleaseDate/DB874793F9B4083FCA257A61001705EB?Ope
nDocument 

In terms of transport mode, there was a considerable difference between people at KGSV with other average 
Australians. The vast majority of people at KGSV at 2011 used private car or taxi (71%), followed by public transport 
(bus and train) 14%. Compared with average Australians, people at KGSV used 8.9% less private cars but they were 
the same regarding the use of public transport. 

In terms of active transport, there was a significant difference between KGSV and the rest of the Australia. In KGSV 
14% of people use active transport, compared with only 5.5% in Australia. 

In terms of the distribution of travels made each day for work purposes, almost 70% of residents at KGSV travelled 
two kilometres or more. Regarding educational purposes, 75% of residents at KGSV travelled two or less kilometres 
a day. The majority of the travelled distance for other purposes such as food and health were less than two 
kilometres. These data show that KGSV is designed well in terms of urban planning to reduce the need for resident 
to use cars. Therefore, KGSV is significantly a much more sustainable area in comparison with other areas, except for 
the travel to work pillar. 

In terms of the percentage of registered vehicles, Kelvin Grove residents had less registered vehicle (77%) than 
average Queenslanders (90%) and Australians (88%). This result is in harmony with the aforementioned data that 
people at KGSV use less private cars and they are closer to their desired destinations such as school, health and food 
shops, except for work destinations. 

 

  

http://www.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyReleaseDate/DB874793F9B4083FCA257A61001705EB?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/ProductsbyReleaseDate/DB874793F9B4083FCA257A61001705EB?OpenDocument
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Table 24: Registered motor vehicles at Kelvin Grove between 2004-2008. 

MOTOR VEHICLE CENSUS - REGISTERED MOTOR VEHICLES  2004 2005 2006 2007 2008 

Number by type of vehicle       

Passenger vehicles no.   2 224   2 146   2 225   2 346   2 453 

Campervans no.    3    1    2    3    2 

Light commercial vehicles no.    363    332    286    280    283 

Light rigid trucks no.    17    18    18    14    17 

Heavy rigid trucks no.    54    54    33    15    22 

Articulated trucks no.    3    2    1    1    1 

Non-freight carrying trucks no.    8    9    11    1  0 

Buses no.    9    8    9    8    8 

Motorcycles no.    86    103    121    147    171 

Total registered motor vehicles no.   2 767   2 674   2 708   2 816   2 957 

 

Table 25: Number of vehicles by fuel type at Kelvin Grove between 2004-2008. 

Number by type of fuel       

Petrol no.   2 487   2 414   2 496   2 608   2 723 

Diesel no.    235    227    176    172    196 

LPG/Dual/Other no.    45    33    35    36    39 

 

The tables above show the average age of vehicles in KGSV is less than the nation-wide average, hence the amount 
of pollution in KGSV is less due to having newer cars. 

Recommendations 

Within the literature, a wide range of policies, legislation, and technical and behavioral recommendations have been 
explained to reduce the footprint and increase the handprint of cars, within both short-term and long-term period. 
These recommendations are specifically targeted for vehicles alone, and do not consider urban planning and other 
forms of travels such as public transport and flights. 
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No Recommendation Explanation 

1 Fuel efficiency 
improvement 

Impacts the amount of fuel consumed with less effects on air pollution from 
emissions. It depends on many parameters such as engine parameters, weight of 
vehicle, aerodynamic of cars, and rolling resistance. Each of these parameters 
can improve the fuel consumption (consumed amount of fuel per unit distance: 
L/100 km) and fuel economy (distance travelled per unit volume of fuel: km/L) 
(U.S. Department of Energy (2017). 

2 Fuel source A kilogram of carbon, contained in petrol or diesel emits about 3.6 kg of CO2. 
Petrol and diesel emits 2.3 kg/l and 2.6 kg/l of CO2, respectively. As such, hybrid, 
biofuel, electrical vehicles have less carbon so produce less pollution than petrol 
or diesel (U.S. Environmental Protection Agency, 2017). 

3 Tires, air-
conditioner and 
light 

Improving the efficiency of tires, air-conditioner and light of vehicles are 
additional steps toward fuel efficiency in cars (U.S. Environmental Protection 
Agency, 2017). 

4 Maintenance It significantly improves the fuel efficiency. Checking and surviving oil, filter, 
suspension system, and tire’s inflation based on defined schedule by 
manufacturer (Larue et al, 2014). 

5 Car Sharing It lowers the number of car ownership, and helps the environment (Katzev, 
2003; Meijkamp, 1998). However, car ownership may not decrease vehicle miles 
travel as it may increase the frequency of trips (Meijkamp, 1998) or encourage 
people who do not have cars to travel more (Katzev, 2003). From the point of 
social equality however, it brings out more fairness and access to the lower 
economical level of the society (Katzev, 2003). In general, the advantage of car 
sharing weighs over its disadvantage (Katzev, 2003; Meijkamp, 1998). 

6 Self-driving cars 

 

They will be reducing traffic congestion and be using renewable resources to 
run. Therefore, they will improve the environmental aspect of sustainability (U.S. 
Department of Energy, 2017). They down-side with this technology may pose 
threat to the social aspect of sustainability. For example, uncertain reliability of 
this cars, insurance and job security for actual drivers (Washingtonpost, 2017). 

7 Vehicle unrelated 
options: 

(This section is out 
of the scope of this 
report, however it 
worth to mention) 

Urban planning: Design of suburbs in a way to reduce the reliance of people on 
vehicles 

Internet: Many smartphone applications such as Apple-Map, and Google have 
been helping to increase fuel efficiency (Tulusan, Staake, Fleisch, 2012), and to 
reduce traffic congestion, accidents etc. (U.S. Department of Energy, 2017). 

 

Conclusion 

The down-sides for the recommendations listed above are:  

 Owning to the fact that electricity is not a primary energy source, pollution from emission through its 
production needs to be considered. In other words, electricity is being provided from a distant fossil-based 
electricity power station. Hence, using low carbon energy for producing electricity such as hydroelectric or 
nuclear power stations needs be considered (Smith, Axon & Darton, 2013). 

 Using Low carbon vehicles is a significantly sustainable investment at urbans (such as KGSV) through 
decreasing emission levels which consequently leads to mitigating climate change. Furthermore, lower 
emissions improve air quality which results in a better public health (Boris et al, 2014).  

Overall, KGSV has better environmental status in comparison to the average status of other urban areas in Australia 
due to less need for cars, and less pollution consequently. 

https://en.wikipedia.org/wiki/CO2
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APPENDICES: AUDIT TOOLS 
 

Not included in this version of the Report.  


