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Abstract 
 

The main objective of this research is to provide recommendations regarding 

best practice in sustainability management practices at airports. To achieve this 

objective, it is required to develop an operational flowchart of targeted sources 

of carbon emissions at international airport in order to further understand the 

scale, source and scope of emissions in airport sustainability management. It 

is also essential to review and compare sustainability practices adopted at 

different international airports, and use the information gathered from the 

review to develop and conduct a survey to review international airports 

sustainability practices with airport managers, and also to review and determine 

the potential ownership of the carbon emissions associated with airport 

operations. There are five research objectives in this study as mentioned 

above. 

 

The purpose of the operational process flowchart was to identify the scale, 

source and scope of wastage and carbon emissions at airports. Two detailed 

process flowcharts were developed. The flowcharts depict a typical air 

passenger’s departure and arrival schedules at the airport and identify the 

points of emissions at various stages of air travel, from the point of arrival at the 

airport, through to boarding the aircraft. Recommendations on carbon 

emissions reduction strategies on identified emission points were made based 

on the Airports Council International (ACI) guidance manual on airport 

greenhouse gas emission management (AGGEM). 

 

A review was conducted on three sustainable airports to determine common 

and effective sustainability initiatives undertaken at these airports. Another 

comparative review was conducted on three aviation surveys from Airbus, 

International Air Transport Association (IATA) and Transportation Research 

Board (TRB). Information gathered from these reviews was used to design a 

research survey that aimed to seek more insights into sustainability 

management practices at airports.  

 



  4	

The research survey consists of both open-ended and closed-ended questions 

and were distributed to airport sustainability managers across the globe. The 

survey investigates and collects data on sustainability initiatives undertaken at 

respondents’ airports, in the five different categories of air/emissions, energy, 

waste, noise, and water.  

 

The outcome of this research survey was used to review the potential 

ownership of the carbon emissions associated with airport operations. It will be 

used to determine which stakeholders should be placed to own responsibility 

for those carbon emissions, and also for creating carbon pressures at airports 

to improve sustainability performance.  

 

The outcome of this study will eventually be to provide recommendations 

regarding the best practice in sustainability management practices at airports. 

All areas of environmental sustainability in the five broad categories will be 

covered, and areas on economic and social aspects will be touched on 

occasionally. Discussion on the directions for future work are also outlined in 

the last chapter of this thesis. 
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Chapter 1 Introduction 
 

Global warming is becoming an increasingly large problem, caused by carbon 

dioxide (CO2) emissions from a variety of sources (EPA 2015). To control these 

emissions, a number of carbon emission reduction policies, schemes and 

treaties such as the Kyoto Protocol and COP15 Treaty have been devised and 

implemented (Lo and Potdar 2010). 

 

Governments, businesses and individuals are now more conscious of their 

respective carbon footprints, and are making joint efforts towards mitigating 

greenhouse gases, or GHGs (Riebeek and Herring 2010). However, not all 

countries participate in these carbon mitigation treaties. One of the many 

reasons that developing countries do not participate is because they are 

financially incapable as stated in the research by Lo and Potdar (2010), as well 

as from the result finding of this study’s survey. In the case of developed 

countries such as the United States, the lack of interest in GHG management 

is usually due to monetary profit being put before carbon mitigation treaties, 

and ambiguity regarding how much responsibility for carbon emissions each 

country/industry/company should bear.  

 

Aviation traffic has increased dramatically over recent years, with passenger 

traffic growing at approximately 9% annually since the 1960s (Brouwer et al. 

2008). Given the anticipated rise in GHG emissions contributed by the aviation 

industry, there is a recognised need to control and compensate the emissions 

of carbon dioxide (CO2) associated with air travel. Australia and the European 

Union (EU) have already regulate low-carbon policies on aviation companies in 

an effort to improve their environmental credentials under their Kyoto Protocol 

(KP) obligations.   

 

Common infrastructure and facilities in airports include runways, aprons and 

taxiways, gates, ground service equipment storage sites, freight equipment 

storage sites, aerobridges, check-in facilities, government inspection points, 

security gates, lounges, baggage processing facilities and trolleys, freight 

information displays, washrooms, car parks and curb side access, and 
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restaurants and retail shops (Blow 1998). Airports in different countries vary in 

terminal building structure and design, facilities and equipment used. All these 

facilities consume energy and generate considerable waste and are a key 

consideration when evaluating airport sustainability. 

 

 Research Motivation 
 

The main motivation of this research is to gain insights into the carbon 

emissions generated by airports and initiatives being undertaken at airports in 

Australia and overseas to reduce these emissions. This motivation primarily 

originated from my keen interest in a desire for more sustainable travel options. 

 

The literature also identifies some key problems associated with this issue, 

including: 

1. The ever-changing nature of legislation and regulations governing carbon 

emissions in the aviation industry (Minister for Climate Change and Water 

2010; UNFCCC 2009; ICAO 2010; Department of Climate Change 2009). 

2. The amount of effort put into carbon emission mitigation by the government, 

airport management, and airlines. 

3. The resources (i.e. monetary resources, expertise and knowledge, time 

and actual physical resources) required for maintenance of carbon-neutral 

travel and sustainable airports. 

 

Ever-changing carbon emissions legislation and regulations for the 
aviation industries in Australia 
 

Legislation governing carbon emissions in aviation industries in Australia often 

changes when a government changes. It can go from a comprehensive 

mitigation plan in place to the total eradication of the government department 

on sustainability management in the country (Parliament of Australia 2010). 

This has created uncertainties within the industry and controversies as to 

whether sustainability in aviation is necessary. Are these legislation and 

regulations necessary to achieve sustainability for future generations? What 
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legislation and regulation should be in place to achieve a satisfactory outcome 

towards aviation sustainability? 

 

Efforts by the government, airport management, and airlines to mitigate 
carbon emission for sustainability 
 

It has been a difficult task for researchers in this area of study to determine 

whether stakeholders are doing enough to make air travel and airport terminal 

management sustainable. Who should be responsible for the carbon emitted 

from these activities? Who could actually make a difference and bring about 

enhanced sustainability in the aviation industry? Government, aviation 

companies, airport terminal managers or travellers? 

 

Resources required to achieve carbon neutral travel and more 
sustainable airports worldwide 
 

This is a relatively new area of research, and uncertainties about the actual 

resources required to reduce the carbon footprint of airports and air travel, 

and/or even the factors needing to be considered have not been covered in the 

literature. Could these factors include more efficient energy usage, or improving 

staff sustainability knowledge, government regulation schemes or voluntary 

reporting standards? 

 

This study aims to investigate the best options for enhancing sustainability 

management in international airports and to provide recommendations going 

forward. 

 

 Research Significance 
 

The problems addressed in this thesis can be categorised as having social, 

economic, and environmental benefits. These are now described. 
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Social Significance 
 

This research contributes to solutions to the problem posed by the increasing 

amounts of air travel and carbon emissions from these activities. Borken-

Kleefeld et al. (2010) explored in depth the relative impacts of different modes 

of transport and found air travel to be the most significant contributor to climate 

change, which highlights how damaging air travel can be relative to other 

modes of transport. Current literature in this area mostly covers the general 

causes of carbon emissions in air travel and the opinions from air passengers 

regarding the issue, but does not examine the role of the actual airports and 

the potential GHG mitigation strategies available and/or solutions to these 

problems. The research also aims to understand airport activities from an air 

passenger perspective and the difficulties faced by airport managers with 

regards to reducing GHG emissions. 

 

Economic Significance 
 

In terms of economic impact, this research seeks to contribute to the 

understanding of policy issues surrounding carbon emissions in the aviation 

industry, the difficulties faced by airport managers in achieving sustainability 

goals, and how these responsibilities differ at functional and enterprise levels. 

The research aims to bring about a new perspective on sustainable airport 

practice and potential carbon mitigation in air travel, in particular to influence 

future policy development, practices, and service provision at airports. These 

ideas may also encourage behavioural change, resulting in further 

improvement in sustainability performance at airports and with air travel. 

 

Environmental Significance 
 

One of the main objectives of the research (i.e. Research Objective 5) is to 

provide recommendations regarding the best practices in sustainability 

management in airport management. This provides positive contributions to the 

environment by identifying approaches to help reduce the amount of carbon 

emitted by airports and air travel, adding to the knowledge of carbon emission 

mitigation strategies in air travel, and sustainable airport practices. This study 
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evaluated and analysed global airport sustainability practices, and ranked 

common sustainability policies in order of perceived effectiveness. It then 

conducted direct surveys with airport managers to review airport sustainability 

initiatives. This study hopes to bring about positive changes in the environment 

outcomes associated with airport management and associated air travel. 

 
Theoretical Significance 
 

One of the key research objectives is to contribute to the current literature on 

carbon mitigation in air travel and sustainable airport practices, as there is 

currently a lack of research in this area. A literature review and findings from 

the survey conducted seeks to add to the literature available in sustainable 

airport practice. This includes identifying various ways of mitigating waste and 

reducing airport carbon footprints in the five main areas: emissions, energy, 

waste, noise and water management. 

 

 Research Objectives 
 
The overarching research objective of this thesis is to mitigate carbon 

emissions at airports and suggest sustainable airport management practices. 

This will require evaluating the relevant literature, identifying the main GHG 

issues, conducting surveys with airport managers, analysing results and 

recommending sustainability improvements. 

 

Research Objective 1: Present an operational flow chart of targeted sources of 

carbon emissions at international airport in order to further understand the 

scale, source and scope of emissions in airport sustainability management. 

 

Research Objective 2: Review and compare sustainability practices adopted at 

different international airports.  

 

Research Objective 3: To review international airports sustainability practices 

in a survey with airport managers. 
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Research Objective 4: Review the potential ownership of the carbon emissions 

associated with airport operations.  

 

Research Objective 5: Provide recommendations regarding ‘best practice’ in 

sustainability management in airport operations.  

 

Research Objective 1 
 

To understand airport operations, the study will first develop an operational 

flowchart from a sustainability perspective to identify sources of carbon 

emission and waste at airports. This first section will include two detailed 

process flowcharts of an average air passenger’s departure and arrival 

schedule at the airport. Secondly, the study will identify points of emissions at 

different stages of the departure and arrival schedules and discuss the methods 

employed in the measurement of carbon emissions at these emissions points. 

A third section discusses four different emission mitigation strategies and their 

applications on each of the identified emissions points. The last section 

provides recommendations to reduce carbon footprint in air travel and airport 

terminal management in the five areas: emissions, energy, waste, noise and 

water management.  

 

Research Objective 2 
 

A literature review of three chosen airports will be conducted to investigate the 

sustainability efforts made at these airports. These three airports were chosen 

after a series of literature review which often mentioned them as ‘green’ and 

sustainable airports. The most notable review was from Budd et al. (2013) 

which reported that airports in more “mature aviation markets [such as] Western 

Europe, North America and selected territories in Asia (including, most notably, 

Hong Kong, South Korea and Singapore) …” are more environmentally 

conscious and well-regulated. More details on why these airports were chosen 

are presented in Chapter 2.10. A cross-sectional analysis on the review of the 

three airports will then reveal and compare sustainable practices at airports 

from different regions of the world including the different legislations and 
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regulations imposed on these airports, and the voluntary/mandatory efforts in 

the mitigation of climate change. The information collected from this review on 

the three airports will be used to aid in the design of the research survey in this 

study. 

 

Research Objective 3 
 

A survey has been designed to collect first-hand information from airport 

environmental managers on sustainable practices implemented at airports 

worldwide. These are intended to provide insights into the issues currently 

influencing sustainability performance at international airports. The information 

collected from the research survey, and the outcome of the analysis of those 

information, will outline the drivers of, and barriers to, sustainability efforts at 

airports, the most common and most effective sustainable practices at airports, 

as well as provide recommendations to reduce carbon footprint of air travel and 

airport terminal management. 

 

Research Objective 4 
 

The potential ownership of carbon emissions associated with airport operations 

will be reviewed to determine if the consumer or producer is best placed to own 

responsibility for the carbon emissions at airports. Questions aiming to explore 

this area in carbon emissions accountability at airports are included in the 

survey to collect information from respondents and determine which party 

should be responsible for the carbon emissions from airport management: 

consumer or producer? Also, who are the people who are responsible for 

carbon pressures at airports? 

 

Research Objective 5 
 

The outcome of this research study will be used to add to the knowledge in 

the area of sustainable air travel and airport terminal management. 

Recommendations on the most effective strategies to reduce carbon footprint 
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of air travel and airport terminal management will be provided using all the 

data gathered and collected, and analysis made, in the course of the work. 

 

 Thesis Structure 
 

This thesis is structured into eight chapters. The content of each chapter is 

briefly outlined in this section.  

 

Chapter 1 provides an overview of the thesis including research motivation, 

significance, objectives, and the thesis structure. 

 

Chapter 2 presents a literature review of relevant topics. These include:  

• Carbon emissions policies and regulations, and their associated issues  

• Carbon pricing models and their determinant factors  

• Carbon accountability models and input-output analysis model  

• Producer and consumer responsibility models 

• A review of the three most sustainable airports in the world 

• A review of three sustainability practices at airports surveyed by 

renowned organisations – International Air Transport Association (IATA), 

Airbus and Transportation Research Board (TRB).   

 

Chapter 3 discusses the research methodology utilised, and presents the 

research issues in this study. 

 

Chapter 4 provides an analysis of an airport ecosystem from an emissions 

perspective. This analysis has already been published in a peer-reviewed 

conference: in the Proceedings of the 3rd International Conference on 

Sustainability in Energy and Buildings (SEB’11), held in Marseilles, France (Lo 

et al. 2011). The chapter also features process flowcharts of air passenger 

arrival and departure schedules at the airport. It assesses the airport 

environment and determines the points of emissions, and then recommends 

emissions-reduction strategies using the Airports Council International (ACI) 
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Guidance Manual on Airport Greenhouse Gas Emissions Management 

(AGGEM). 

 

Chapter 5 presents the survey design and outlines its approach, distribution 

methods, data collection process and analysis of results obtained from the 

survey implementation. 

 

Chapter 6 discusses and evaluates the findings of the ‘sustainable practices at 

airports’ survey. 

 

Chapter 7 compares the survey findings with three studied surveys conducted 

by IATA, Airbus and TRB. Recommendations will also be presented in this 

section. 

 

Chapter 8 concludes the research study and provides recommendations for 

future work. 

 

 Summary 
 

In the next chapter on literature review, existing research in this field will be 

outlined and critically analysed.   
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Chapter 2 Literature Review 
 

2 Literature Review 
 

In recent years, much work has been undertaken in the area of sustainable 

tourism, aviation emissions, carbon pricing models, airport operations, and 

carbon emission accounting Gossling et al. 2007; Brueckner and Zhang 2009; 

Benz et al. 2008; Springer 2003; Ferng 2003). While the research objectives 3 

and 4 seek to understand airport emissions and determine current practices in 

sustainability management at airports, and the current perception of who should 

be responsible for carbon emission management with air travel, the review also 

included literature on issues surrounding it. 

 

This chapter surveyed the relevant literature in the areas of carbon pricing 

models, emission accountability, airport emissions, aviation emissions, 

sustainable airports, and sustainable practices at airports to provide useful 

background information for the study. It also presents an evaluation of current 

airport sustainability management practices. 

 

 Kyoto Protocol & Carbon Pollution Reduction Scheme (CPRS) 
 

One of the initiatives taken to reduce greenhouse gases (GHG) globally is an 

international agreement, made by 178 developed countries in 1997, named the 

Kyoto Protocol. The protocol required all developed countries to meet national 

targets for GHG emissions over the 5 year period from 2008–2012. All 

participating countries were also required to take on a range of monitoring and 

reporting commitments designed to ensure that they were able to meet their 

obligations, and to measure the overall success of the protocol. In addition, 

each country’s target was transparent, negotiated, and agreed internationally. 

Australia’s annual target during the 2008–2012 period was to limit carbon 

emissions to 108% of its 1990 levels (Australian Department of Climate 

Change, 2008). Under the protocol, countries that failed to meet their emission 

reduction targets during the 2008–2012 period may be liable for a 30% penalty 
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of their emission allowances for the post–2012 commitment period (Australia 

Department of Climate Change, 2008).  

 

The Australian Government also proposed the Commonwealth Pollution 

Reduction Scheme (CPRS), which began in 2010. The CPRS was to apply to 

all entities with facilities that have direct emissions of 25,000 tonnes of CO2 per 

annum across all industry sectors, including stationary energy, transport 

(including domestic aviation), fugitive, industrial processes, waste, and forestry 

(Hodgkinson et al. 2009). 

 

Based on the fifteenth session of the Conference of the Parties (COP15) 

Climate Change Summit that took place in Copenhagen, Denmark on the 18 

December 2009; and promises made by the Labor government, Australia was 

committed to reducing national carbon emission pollution by 25% below its 

2000 levels by 2020, if a global agreement was reached to stabilise 

atmospheric CO2 concentrations at 450 parts per million (ppm) or less (Minister 

for Climate Change and Water 2010; UNFCCC 2009). Australia’s commitment 

to COP21 was to have a reduction of between 25% - 28% on the emissions by 

2030 from 2005 (DEE 2015). 

 

The Carbon Pollution Reduction Scheme (CPRS) was previously Australia’s 

biggest policy approach to achieve greenhouse gas commitments. It took effect 

on 1st July 2011. The government also committed to helping Australian 

households and businesses in the transition to a low pollution future by 

implementation of a system of sales and allocations of carbon pollution permits 

(Department of Climate Change 2009). However, the scheme was 

unsuccessful and replaced by the Clean Energy Bill 2011 in 2011, and then 

repealed in 2014, which indicated an end to the carbon pricing mechanism 

introduced under the Clean Energy Legislation Act 2014 (Parliament of 

Australia 2010; ASIC 2015). These changes in the legislation and regulation on 

carbon emissions to reduce the impact on climate change was due in large to 

change of government and uncertainties in climate change policies. 
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Recent studies on carbon emissions have highlighted the significant and still 

increasing contribution of aviation to GHG emissions (ICAO 2010). Australia 

and Europe have imposed green policies for the aviation industry under the 

obligations of the Kyoto Protocol (UNFCCC 2009). However, due to the 

volatility in the nature of those legislation and regulations governing carbon 

emissions in the aviation industry, there were many changes in the aviation 

market during the course of the study. Since the Kyoto Protocol that was 

adopted in Kyoto, Japan in 1997, and put into effect in 2005, there had been 

the Doha Amendment to the Kyoto Protocol (COP18/CMP8) in 2012, the 

COP19 held in Warsaw, Poland in 2013, the COP20 held in Lima, Peru in 2014, 

the Paris Agreement COP21/CMA1 in 2015, and the latest COP22 in 

Marrakech, Morocco that happened in 2016 (UNFCCC 2014; UNFCCC 2016; 

UNFCCC 2017). 

 

 Carbon Pricing for Airlines 
 

Tourism is increasingly dependent on air transport and has contributed the 

largest proportion of the growth of GHG emissions in the transport sector (Lo 

et al. 2011). Transport accounts for 24–28% of all energy–related CO2 

emissions, while aviation accounts for about 3.4% of all CO2 emissions 

(Gossling et al. 2007). The inclusion of aviation into carbon pollution reduction 

schemes worldwide is therefore valuable. In the European Union, international 

aviation is currently not included in the Kyoto Protocol, and emissions from 

international flights are not accounted for in national carbon emission 

inventories (Gossling et al. 2007). The European Union required all airlines to 

hold emission permits for operation in 2012 (Brueckner and Zhang 2009). The 

EU Aviation Direction entered into force on the 1st January 2012, and required 

all airlines to hold carbon emission permits for flights operating in any one of 

the 27 EU member states’ airspace (ICTSD 2012). However, a year later, the 

EU announced a temporary suspension of the scheme and the inclusion of 

aviation into its Emission Trading System (ETS; ICTSD 2012). The ETS 

generated a permit price that was to become part of an airline cost structure, 
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and added to the price of the aviation fuel. This policy by the EU posed several 

questions, as posed by Brueckner and Zhang (2009): 

• What would happen to airfares? 

• How would the airlines cope with these changes? 

• How would the service quality change? 

• How might aircraft design evolve in response to these changes as fuel 

prices rise? 

• How would it change the structure of airline networks? 

 

In Australia, the biggest aviation company, Qantas Airways Limited, had 

already opposed the inclusion of the aviation industry in the CPRS, which was 

to be in effect from July 2011 (Qantas Airways Limited 2008). However, this 

scheme was repealed in 2014 by a change in the Australian government – the 

Liberal Abbott Government (ASIC 2015). Qantas submitted a paper stating its 

concerns in response to a Government Green Paper in September 2008. 

Qantas felt that the inclusion of the aviation industry in the CPRS, and the fact 

that aviation would not be recognized as Emissions Intensive Trade-Exposed 

(EITE) and, would therefore have to pay 100% of their carbon permit obligations 

without any transitional assistance, was both unfair and flawed. In their 

response, Qantas also outlined their contribution to reducing carbon pollution 

and pointed out that they believed the green paper used a flawed metric of 

“emissions per unit of revenue” as the basis for the determination of emissions 

intensity, which assumed that airlines could easily pass the costs on to 

customers (Qantas Airways Limited 2008). 

 

Aviation traffic has increased dramatically over the years, with passenger traffic 

growing at approximately 9% annually since the 1960s (Brouwer et al. 2008). 

This level of aviation activity has raised concerns over the impact of aviation on 

the global climate, and the compatibility of aviation expansion with policies that 

address climate change. Given the anticipated rise in GHG contributions from 

the aviation industry, there is a recognised need to control and compensate for 

these increases. Many studies found that reductions in carbon emissions from 

the aviation industry would become negligible, as almost all of the costs of the 
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carbon reduction scheme would be passed on to passengers. One particularly 

interesting research by Brouwer et al. (2008) on passengers’ “willingness to 

pay” (WTP), found that the awareness and demand for climate change 

mitigation varied among passengers of different origins. Europeans were the 

most aware and willing to pay for carbon offsets, while North Americans and 

Asians were less informed and less willing to act. However, these results did 

not consider passengers’ ability to pay. Brouwer et al. (2008) concluded that 

passenger belief in the effectiveness of the tax significantly influenced WTP, 

and that introducing a compulsory tax would be less useful than a voluntary tax 

system. 

 

As many aviation companies such as Qantas and Jetstar found it onerous to 

be included in a scheme such as the CPRS, and as Brouwer et al.’s (2008) 

research showed that a compulsory tax would be more effective than a 

voluntary tax, there is a need to develop an accountability model for carbon 

emissions, especially for the aviation industry that could assist in reducing GHG 

in airport management. 

 

 Carbon Tax and Emission Trading Scheme 
 

The implementation of the Kyoto Protocol in 1997 gave rise to a new market in 

Australia – the Carbon Emission Trading (CET) market. CET was a scheme 

aiming to reduce carbon pollution in a systematic way throughout the economy 

(Australian Government 2008). It employed a “cap and trade” emissions trading 

mechanism to limit carbon pollution. Under the cap and trade scheme, 

aggregate emissions were capped at a level that was consistent with 

environmental objectives. The scheme established which types and sources of 

GHG emissions were subject to the cap, and set limits on aggregate annual 

emissions. The level of the cap determined the environmental contribution of 

the scheme; in which the lower the cap, the more reduction in emissions 

required (Australian Government 2008).  The cap also determined the number 

of tradable carbon pollution permits. Entities responsible for emission sources 

covered under the scheme were obliged to surrender a permit for each tonne 
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of CO2 that they emitted during the compliance period (Australian Government 

2008). Carbon pollution permits were tradable and could enter the market either 

by auction or by administrative allocation, with the market determining the price 

(Australian Government 2008). Pricing could be driven by several factors. At its 

most basic, emissions–intensive goods were more expensive relative to less 

emission-intensive ones. This was, in turn, intended to create a chain effect that 

caused consumers and businesses to adjust their purchase behaviour, 

resulting in more purchases of less emissions–intensive products and services 

(Australian Government 2008). 

 

According to the Australian Government White Paper (2007), the best-

established carbon pollution reduction scheme was the EU’s 27-member 

scheme introduced in 2005. Japan also had trialled a voluntary carbon 

inventory scheme (ICAO 2008). Europe implemented the European Union 

Emission Trading Scheme (EU ETS) on the 1st January 2005, driven by the 

2003/87/EC directive to comply with the Kyoto Protocol (European Commission 

2009). A report by World Bank and Ecofys (Kossoy et al. 2015) reported that 

carbon tax scheme has been implemented as early as in the 1990s in European 

countries such as Finland, Poland, Sweden, Denmark, and many more as 

shown in Figure 2.1, which is an abstract from the report (Kossoy et al. 2015).  

 

Under the scheme, the EU ETS was organised as account transactions 

supervised by member states where each state had its own registry for keeping 

a record of any changes in the portfolio of its companies and their respective 

CO2 emissions. Each state had to submit its National Allocation Plan (NAP) to 

the European Commission, in which the total quantity of CO2 allowances 

granted annually were determined and allocated to its companies for a 

specified commitment period.  

 

Under the EU ETS, the first commitment period is 2005-2007, and the second 

one was 2008-2012 which coincided with the compliance period of the Kyoto 

Protocol. The third commitment period was to begin in 2013 (Bataller et al. 

2006; European Commission 2009). 

 



  33	

 

 
Figure 2.1: Regional, national, and subnational carbon pricing initiatives: 

Share of global GHG emissions covered 
Source: Figure reproduced from Kossoy et al. (2015, 12). 
 

The main objective of the EU ETS was to reduce the emissions and promote 

low carbon technologies and energy efficiencies among CO2 emitting plants 

which specifically included combustion plants, oil refineries, coke ovens, iron 

and steel plants and factories producing cement, glass, lime, brick, ceramics, 

pulp and paper (Lowrey 2006). Another important objective of the scheme was 
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the establishment of a market price for allowances permitting Europe– based 

CO2 emitting installations to be more aware of the environmental consequences 

of their polluting activities (Lowrey 2006). This meant that non-compliance with 

the obligations under the scheme would incur a penalty of 40€ /tCO2 (Euros per 

tonne of CO2) produced without allowances during the first trading phase, and 

100€ /tCO2 during the second phase. The penalty payment of the excess 

emissions would not release the companies from their obligation to surrender 

an amount of allowances equal to those excess emissions when surrendering 

allowances in relation to the following calendar year under the 2003/87/EC 

directive (ref: Article 16(4) of the 2003/87/EC directive). However, surplus 

allowances could be banked for use in the following year depending on the 

decision of the individual member states, but borrowing was strictly prohibited 

(Benz et al. 2008). 

 

Figure 2.2 shows the current market price of carbon tax in current carbon 

pricing initiatives in different countries. Prices of carbon tax can start as low as 

under US$1, and jump to US$131 /tCO2. While carbon pricing has been 

reported to continue increasing significantly in recent years, it is still not clear 

on the effectiveness of these carbon tax schemes (World Bank Group et al. 

2016). One of the objectives in this study as stipulated in Research Objective 5 

is to provide recommendations regarding ‘best practice’ in sustainability 

management at airports. In order to achieve this objective, the significance of a 

carbon tax on aviation needs to be investigated. There are three questions on 

carbon tax in this study’s survey aimed to determine this issue.  

 

Figure 2.3 presents an abstract from the report by World Bank Group et al. on 

the existing, emerging and potential regional, national, and subnational carbon 

pricing initiatives (ETS and Carbon Tax) across the globe (2016). 
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Figure 2.2: Prices in existing carbon pricing initiatives  

Source: Figure reproduced from World Bank Group et al. (2016, 14). 
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Figure 2.3: Summary map of existing, emerging and potential regional, 
national, and subnational carbon pricing initiatives (ETS and 
Carbon Tax) 

Source: Figure reproduced from World Bank Group et al. (2016, 12). 
 

 Carbon Pricing Models 
 

In this section, the literature review will look at the types of carbon pricing 

models utilised by different governmental agencies across the world. There are 

a wide range of pricing models available in the current emerging CET market 
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for the projection of the potential range of tradable GHG permit prices and the 

likely size of the market. There are many factors that could affect the analysis 

of international permit trading worldwide, and no models can take all influencing 

factors into account in their analysis. These factors include GDP, emission 

growth, availability of alternative energy options, rain precipitation level, 

ecosystems, monetary and political policies, economic structure, imperfect 

competition and existing and emerging technologies. These factors have been 

categorised into 6 broad classes of factors in this research: Macroeconomic 

and Microeconomic, Energy, Climate, Policy and Regulation, Market 

fundamentals, and the Technical analyses. 

 

The literature revealed seven key approaches to carbon pricing models: 

integrated assessment models, computable general equilibrium (CGE) models, 

emission trading models, neo-Keynesian macroeconomic models, energy 

system models, generalised autoregressive conditional heteroscedasticity 

(GARCH) models, and regime-switching models (Springer 2003; Bataller et al. 

2006; Benz and Truck 2009). Discussion in this section provides an overview 

of these seven pricing models.  

 

2.4.1 Integrated Assessment Models 

Included in the integrated assessment models are the Asia-Pacific Integrated 

Model (AIM), the Global Relationship Assessment to Protect the Environment 

(GRAPE), and the Regional Integrated model of the Climate and Economy 

(RICE) (Weyant et al. 1996). These represent both physical and social 

processes over a long period of time that attempt to address the problem of 

climate change. They consider factors such as human activities, atmospheric 

composition, climate and sea level change, and ecosystems in their model of 

analysis (Weyant et al. 1996). 

 

2.4.2 Computable General Equilibrium Models 

Computable General Equilibrium (CGE) models are also commonly referred to 

as “top-down” models that can be static or dynamic. Emissions Prediction and 

Policy Analysis (EPPA) model, General Equilibrium Modelling for Energy-
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Economy-Environment interactions (GEM-E3) model, General Equilibrium 

Environmental (GREEN) model, and Global General Equilibrium Growth (G-

CUBED) model are all CGE models that are used to determine the new 

equilibrium state of an economic system after an exogenous disturbance, e.g. 

the introduction of a carbon tax (Springer 2003). These models take into 

account the influences of energy policy on other industry sectors, particularly 

international trade, which is their main advantage. However, most models, 

apart from G-CUBED, do not consider monetary policy and labour market 

imperfections, which in turn underestimate transition costs (Springer 2003). 

 

2.4.3 Emission Trading Models 

Another category of emission trading models involves marginal abatement cost 

(MAC) assessment used to analyse international emissions trading in many 

research papers (Springer 2003). MAC curves are robust and convenient, but 

important spill-over effects (such as carbon leakage) cannot be captured when 

using this type of model analysis and are similar to the partial equilibrium 

models used by Holtsmark and Maestad (2002). 

 

2.4.4 Neo-Keynesian Macroeconomic Models 

Neo-Keynesian macroeconomic models also belong to the class of “top-down” 

models as CET models. These models consider monetary policy and allow for 

imperfection in competition and unemployment data, unlike general equilibrium 

models. Aggregate demand is the main determinant of the size of the economy 

(Zhang and Folmer 1998) and aggregate output is modelled as a function of 

capital and labour inputs (Hourcade et al. 1996). The downside of using these 

macroeconomic models is their limited use for long-term analysis, and the fact 

that they tend to be highly complex and economy- specific (Grubb et al. 1999). 

 

2.4.5 Energy System Models 

Energy system models represent the energy sector in much more detail 

compared to CGE and macroeconomic models, as they use disaggregated 

data for both existing and emerging technologies. These models are also 
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referred to as “bottom-up” models, and include Market Allocation (MARKAL) 

and Prospective Outlook on Long-Term Energy Systems (POLES). The two 

main advantages for these approaches observed by researchers are that the 

demand for energy is exogenously specified and independent of prices (Zhang 

and Folmer 1998), and that they solely represent the energy sector and do not 

take into account linkages of the energy sector with the rest of the economy 

(Grubb et al. 1993). A Model for Evaluating Regional and Global Effects 

(MERGE) is one of the many models created to overcome this problem, by 

integrating engineering models into CGE models. MERGE model contains a 

bottom-up representation of the energy sector and also a top-down perspective 

on the rest of the economy.  

 

Another group of pricing models that allow heteroscedasticity includes 

Autoregressive Conditional Heteroscedasticity model (ARCH), Generalised 

Autoregressive Conditional Heteroscedasticity model (GARCH) and regime-

switching models (Benz and Truck 2008). 

 

2.4.6 GARCH Models 

The Generalized Autoregressive Conditional Heteroscedasticity (GARCH) 

model is designed to model the conditional volatility of a time series and 

provides a promising approach to model both the mean and variance of the 

considered time series when coupled with an autoregressive (AR) process 

(Benz & Truck 2008). 

 

2.4.7 Regime Switching Models 

Regime-switching models have been recommended by many researchers for 

financial time series and also for modelling of spot electricity pricing (Benz and 

Truck 2008). These models have also been suggested by Benz and Truck for 

modelling CO2 emission allowances because of their promising ability to model 

different regimes of price and volatility behaviour (2008). The model generally 

divides time series into several phrases called regimes, and each regime can 

be defined by separate and independent underlying price processes. There are 

two main classes of regime-switching models as described by Franses and van 



  40	

Dijk, with one regime determined by an observable variable, and the other 

regime determined by an unobservable variable (Benz and Truck 2008). The 

regime-switching model is a promising approach as it reflects the concept of 

having a systematic change between stable and unstable states, which results 

from common fluctuations in the supply and demand of the CO2 allowance 

market. It also allows for several consecutive price jumps or extreme returns 

that are important when risk management and pricing of the derivative 

instruments in the uncertain market is involved. However, the downside of this 

model is that since the regime is latent, there is some ambiguity in parameter 

estimation of the two underlying processes. 

 

 Determining Factors in Carbon Pricing Models 
 

There are many factors which can influence carbon prices and carbon 

allocation allowances in the above mentioned pricing models. The main 

determinant factors include but are not limited to the microeconomic and 

macroeconomic situation, current energy prices and consumption patterns, 

climate factors, weather factors, as well as political situations in different 

countries. Table 2.1 details the factors considered in each of the studied carbon 

pricing model in section 2.4, from Bataller et al. (2006) and Springer (2003). 

Certain factors are of higher importance in different models. 

 

The research of Bataller et al. (2006) has shown that the most important 

variables in the determination of the CO2 price changes is the price of coal. The 

substitution of alternative fuels such as gas for coal is another variable that is 

statistically significant. Weather variables influencing CO2 price changes are 

found to be less important, although variation in temperature is significant and 

has a positive influence on CO2 prices (Bataller et al. 2006). 
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Table 2.1: Determinant factors in carbon pricing models discussed in section 
2.4 

                                 Pricing Models 
Factors  IAM CGE ETM NKM ESM 

Macroeconomics/Microeconomics •   • ¤ • 
Energy   • ¤ • • • 
Climate ¤  •   
Policy and regulatory issues ¤ ¤  ¤  
Market fundamentals    ¤ • 
Technical analyses     ¤ 

                 Keys:       • : Bataller et al. (2006)  ¤ : Springer (2002) 
 

However, Convery & Redmond (2007) found that weather effects tended to be 

offset and were insignificant in relation to the demand for offset allowances. 

Bataller et al. (2006) also suggested that factors such as the influence of 

technology, the difference between emissions allocated in each country, and 

verified emissions were important determinants that should be considered in 

the explanation of CO2 returns. Convery & Redmond (2007) consider the three 

main determining factors in the supply of allowances to be the emission targets 

in different countries, the price and availability of substitute/alternative fuels, 

and the level of emissions over the course of the first trading period. Other 

determining factors in the setting of CO2 prices noted by Rickels et al. (2007) 

included supply and demand factors, and factors related to market structure, 

regulation, and intervention. Rickels et al. (2007) also considered the long-term 

and short-term effects of those aforementioned factors in their research for the 

determinants of EU allowance prices, finding the six main influences in these 

pricing models were macroeconomic and microeconomic factors, energy 

factors, climate factors, policy and regulation issues, market fundamentals, and 

technical analyses. Macroeconomic and microeconomic factors include energy 

sector characteristics, GDP, emission growth and targets. Energy factors 

include price of energy sources and the availability of substitute and/or 

alternative energy sources. Climate factors consisted of general climatic 

conditions that included rain precipitation level, ecosystems, and temperatures. 

Policy and regulation issues considered political decisions and regulations such 

as monetary policy. Market fundamentals factors included economic structure, 

aggregate demand, and imperfect competition and unemployment. Technical 

factors considered existing and emerging technologies.  
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 Carbon Accountability Models 
 

Recent research on carbon emissions has noted the significant and increasing 

contribution of GHG emissions into the environment by aircraft and air travel 

(Lo and Potdar 2010). The growth of air travel as reported in numerous 

literatures is one of the main causes of increased emissions from the aviation 

industry (Lo and Potdar 2010). It is important the accountability of both direct 

and indirect producers of emissions in the process of air travel and airport 

management be included in this research. The following sections will describe 

the problems with emission accountability and the accountability models used 

in the literature to describe carbon accountability in the aviation sector. This 

review was conducted to understand how best to apportion carbon emission 

responsibility in airport management. Figure 2.4 illustrates the issues 

surrounding carbon accountability. 

 

 
Figure 2.4: Carbon Accountability Models 

 

2.6.1 Carbon leakage 
Carbon leakage occurs when CO2 emissions are not accounted for by any 

parties in the chain of production to end consumption. It usually occurs when 

one or more of the countries involved in the trade of material and/or services 

are not participants in the Kyoto Protocol. It is also one of the problems when 

applying “territorial approach” to carbon accounting, a significant challenge in 

combating global warming (Ferng 2003). Carbon leakage can cause global CO2 

emissions to increase as a result of actions from countries not participating in 

the Kyoto Protocol (Wyckoff and Roop 1994).  
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In the light of the critical relationship between international trade and 

combatting global warming, many studies have attempted to estimate the 

embodied energy/ carbon of international trade (e.g. Wyckoff and Roop 1994; 

Schaeffer and Leal de Sa´ 1996; Battjes et al. 1998; Lenzen 1998; Kondo et al. 

1998; Machado et al. 2001; Munksgaard and Pedersen 2001; Ferng 2003). 

Munksgaard and Pedersen (2001) further discussed the ensuing difficulty in 

reducing domestic CO2 emissions for an open economy with significant net 

carbon exports. 

 

Kondo et al. (1998) also suggested allocating the responsibility of CO2 

emissions using a combination of the consumer-benefit and producer-benefit 

principles. A major difference between the producer-benefit principle work of 

Kondo et al. 1998, Bullard and Herendeen 1975, and Islam and Morison 1992 

and that of Ferng (2003) is that the former work included the induced CO2 

emissions in foreign countries for delivering the intermediate inputs required by 

the production sectors of the analysed country. 

 

As carbon leakage is a problem caused by inconsistency in the accounting for 

GHG emissions at a global scale, and specifically the carbon emissions of non-

participating countries producing materials for participants of the Kyoto 

Protocol, a more successful outcome could be attained when there is global 

participation in the Kyoto Protocol with a burden-sharing scheme that is fair to 

both the developed and developing countries (Ferng 2003). This study 

proposes its own accountability model to correct this problem in the case of air 

travel and the amount of responsibility to be borne by entities involved in the 

chain of production to end consumption. 

 

2.6.2 Carbon sequestration 
Some studies have estimated the amounts of carbon sequestrated by forest 

ecosystems (for example see Eriksson 1991; Winjum et al. 1992; Dixon et al. 

1994; Folke et al. 1997; Jansson and Nohrstedt 2001), and by other 

ecosystems such as wetlands and lakes (Eriksson 1991; Jansson and 

Nohrstedt 2001; Ferng 2003). The effectiveness of carbon sequestration of 
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forests depends on the types of forests considered with different species of 

plants and the location of the forest (Ferng 2003). Generally, forests in tropical 

latitudes have higher carbon sequestration capability than those located in 

temporal latitudes, followed by forests located in boreal latitudes (Winjum et al. 

1992; Ferng 2003). 

 

Although using a carbon sink is an effective method to mitigate carbon 

emissions into the environment, which also helps to encourage reforestation 

and the maintenance of existing tropical forests, this is not a feasible long-term 

plan in mitigating environmental degradation, because forests take up a lot of 

land area and their carbon sequestration capability decreases significantly over 

time (van den Bergh and Verbruggen 1999; Ferng 2003). Therefore, in the 

battle against global warming, it is more feasible for both producers and 

consumers to be responsible for their GHG emissions into the environment by 

using greener renewable energy whenever possible. 

 

2.6.3 Climate factors which affect the amount of sequestration 

There has been a significant amount of research linking carbon pollution to 

geographic origin, with the earliest research by Mark A. Ridgley (1996), who 

noted that “the distribution of burdens corresponding to GHG reduction should 

be determined on the basis of equity…”, and used a multi-criterion methodology 

to determine the accountability for GHG emissions for each of the 11 major 

world regions. This research also took into account many factors such as 

culpability and equity, political history of the country, liability of the country, 

economic well-being of the country, and the ‘ability to pay’ (ATP – a measure 

of a nation’s wealth and the well-being of its citizens). The research of Eric 

Neumayer (2004) noted that geography played a major role in carbon 

emissions due to the climatic conditions in different areas. Another paper by 

Brueckner & Zhang (2009) discussed the effect of airline carbon emission 

charges on airfares and other components using realistic theoretical modelling 

of competing duopoly airlines. These results have shown that emission charges 

would increase fares, reduce flight frequency, increase load factors, and also 

increase aircraft fuel efficiency, but not affect aircraft size. The determining 
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factors considered include aviation fuel price, revenue passenger kilometres 

(RPK) per barrel of fuel (a measure of fuel productivity), non-fuel unit cost (total 

non-fuel operating expenses divided by RPK), and the share of fuel cost in 

operating expenses. There are several accountability models in the current 

literature that discuss responsibility sharing and burden-sharing schemes and 

that model general trading industries. Some argue that the carbon emission 

responsibility should be with the producer, while some consider that the 

consumer should be responsible. Regardless of who should be responsible, 

the goal of mitigation of global warming should be a priority. Hence, one of the 

main objectives as stipulated in research objective 4, of this research, is to 

determine which party – the consumer or producer, is best placed to “own” 

responsibility for the carbon emission from air travel.  

 

2.6.4 Producer accounting method 

Producer accountability models are “producer focussed” emission models 

which are used to determine the main “culprits” of pollutants into the 

environment for some carbon intensive activities (Munksgaard et al. 2001). The 

producer accountability models with relevance and application to this research 

include the Production Accounting Method, and the Intergovernmental Panel 

on Climate Change (IPCC) approach (also known as the territorial approach or 

geographical approach). 

 

Production accounting method 
 

The production accounting method is the most widely recognised method used 

by the Kyoto Protocol, where the producers of goods and services are solely 

responsible for the CO2 emissions from the production process in the origin 

country. The model considers CO2 emissions from domestic production 

including production for exports to other countries. The limitation of this method 

is the lack of differentiation between exports and production for domestic 

consumption. One of the examples in Munksgaard et al.’s (2001) research of 

Danish GHG emissions has specifically shown that this method is flawed, as 
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Denmark has a lower CO2 emissions level when using a consumption 

accounting principle. 

 

IPCC approach 
 

The Intergovernmental Panel on Climate Change (IPCC) approach – also 

commonly referred to as ‘geographical approach’ or ‘territorial approach’ 

(Bastianoni 2004) – incorporates the reference approach and sectoral 

approach (Ferng 2003), where the model considers CO2 emissions produced 

in each sector of the nation within the country’s boundaries. The model does 

not consider CO2 emissions indirectly related to the chain of production 

process, such as transportation and consumption. This method is similar to the 

“polluter-pays” principle where responsibility is assigned to direct emitters 

(Ferng 2003). Limitations in this approach are likely to result in the problem of 

“carbon leakage” due to a lack of accounting of the amount of “national direct 

CO2 emissions” (Ferng 2003), which does not align with overall green 

environmental goals. This method is thought to be an inefficacious and 

inequitable system of CO2 emission accountability. This inequality is especially 

evident in the cases where a country has to be responsible for the goods that it 

has neither produced nor consumed, and the only reason for the country to be 

held responsible is its geographical location, which is between the production 

country and the consumption country, where the goods are in transit. Another 

disadvantage is that the IPCC approach uses a standardised method at the 

local level, and the emission data is mostly based on estimates where default 

emission factors are recommended whenever precise national data is 

unavailable; however, the IPCC does present a rich database whenever 

possible. This approach has a high degree of uncertainty due to the lack of 

appropriate and accurate estimation models and the variability in the time and 

space. This high uncertainty in the emissions inventory level would, in turn, 

deter the development of cost reduction strategies for reducing global GHG 

emissions. The following section reviews consumer accountability approaches 

which contrast with producer accountability approaches. 
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2.6.5 Consumer accounting method 

Consumer accountability models include the consumption accounting method, 

the benefit principle, and the ecological deficit principle, all of which hold the 

consumer responsible for carbon emissions. 

 

Consumption accounting method 
 

The consumption accounting method suggested that consumers are 

responsible for CO2 emissions from the production to the final consumption of 

goods and services, regardless of whether the goods and services are imported 

or domestically produced. This model considers CO2 emissions created by 

domestic consumption, including emissions embodied in imports. The main 

drawback of the consumption accounting method is the consumer’s inability to 

influence the technologies and fuels used in the production of imported 

commodities in the origin country. 
 

Benefit principle 
 

The benefit principle is different to the IPCC approach and is similar to the 

consumption approach by Munksgaard (2001), as it recognises the driving 

forces behind the production activities that emit pollutants and assigns 

responsibility to the force-drivers. It argues that production and consumption 

activities are both responsible for CO2 emissions, and these are not confined 

to the area where the production and consumption activities occur. This model 

calculates the “national responsible CO2 emissions” for sharing responsibility 

for a reduction in global GHG emissions. The criteria to be considered in this 

model is where the goods and services are produced and consumed, both 

directly and indirectly, in the residential consumption of a defined country 

(Ferng 2003). The term “defined country” refers to a country that is responsible 

directly or indirectly for the amount of CO2 emissions from the production of 

commodities required for residential consumption, regardless of where the 

actual production activities occurs, and also from the domestic consumption of 

energy products (Ferng 2003). There are two subcategories in the benefit 
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principle, namely the consumption-benefit principle and the production-benefit 

principle.  

 

Under the consumption-benefit principle, a defined country is responsible for 

CO2 emissions from the production of goods and services regardless of where 

the production activities are located in supporting domestic residential 

consumption; and also for CO2 emissions resulting from domestic residential 

consumption of energy products.  

 

Under the production-benefit principle, subjects to be considered are the goods 

and services produced by the production sector located in the defined country, 

and also the imported goods and services required directly and indirectly for 

the transportation of commodities into the production facilities in the defined 

country (Ferng 2003). Therefore, the defined country is responsible both for the 

CO2 emissions produced domestically in the country for goods produced for 

local consumption and exports; as well as for CO2 emissions associated with 

its imported production inputs, and emissions from the logistics of transporting 

raw commodities to the production facilities (Ferng 2003).  

 

One of the advantages of the benefit principle is that it discourages carbon 

leakage, and reduces the process of environmental degradation from CO2 

emissions in both developed and developing countries (Ferng 2003). The 

consumption-benefit principle is more beneficial than the IPCC approach for 

developing countries, as it excludes the amount of CO2 emissions from exports, 

and would hopefully encourage more participation from developing countries in 

the emissions reduction process. The disadvantage of the benefit principle is 

the possible double counting in the calculation of CO2 emissions in a country’s 

CO2 emissions inventory. 

 

2.6.6 Ecological deficit 

The ecological deficit principle stems from the concept of ecological footprint 

analysis initiated by Rees and Wackernagel in the early 1990s (Rees and 

Wackernagel 1996; Ferng 2003). The ecological footprint analysis is the 
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estimation of the resources and carbon sinks used or required by consumption 

and production activities, and expresses these requirements in area units 

(Ferng 2003; Wackernagel and Rees 1996). This analysis incorporates the 

concept of both the consumption-benefit and production-benefit principles. The 

ecological footprint analysis estimates the ecological deficit of the country itself; 

ecological deficit is the excessive demand or the requirement of additional 

productive areas to support for local consumption and production beyond what 

can be offered by the country itself. It serves as a rough index of self-sufficiency, 

and differs from the carrying capacity analysis, as it explicitly considers the 

trans-boundary environmental pressures caused by the globalisation of world 

economies (Ferng 2003). One of the benefits of the ecological deficit principle 

is its ability to determine if a country’s domestic assimilation capacity has been 

overtaxed. Using the idea and context of self-sufficiency in the ecological deficit 

model, this principle recognises the carbon sink capacity of ecosystems, and 

brings awareness of the harmful deforestation activities globally, especially of 

tropical forests in developing countries (Vojnovic 1995; Ferng 2003). This 

accounting method can be beneficial in developing countries with significant 

forest areas that can be used as carbon credits, which in turn could help to halt 

the widespread deforestation activities, thereby enhancing and maintaining 

carbon sinks on a global scale. This could encourage higher participation rates 

from developing countries in the global effort to reduce carbon emissions. 

 

The basic concepts of accountability and the three major accounting 

approaches will be further analysed to determine the best suited model for the 

accounting of carbon emission of the various stakeholders in the aviation 

sector. Input-output analysis is a key component in accountability models 

provides an approximation of the energy and carbon emissions in the 

production and consumption process, and is discussed further in the next 

section. 
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 Input-Output Analysis 

 

Input-output (IO) analysis was developed by Wassily Leontief in the 1930s; 

Leontief later became a Nobel laureate in 1973 because of his work 

(Econlib.org 2015). He noted: “Input-output analysis shows the extensive 

process by which inputs in one industry produce outputs for consumption or for 

input into another industry.” (Leontief 1966; Econlib.org 2015). 

 

IO analysis is a study of general interdependence which views the economy of 

particular entities as a single entity, and interprets the direct relationships 

among these entities. This analysis also illustrates the effect of changes in the 

production of the final product on the demand for inputs. 

 

Therefore, IO analysis can be used to provide a means of accounting for carbon 

emissions and pollutants produced across the whole chain of production 

processes of a particular product, including the imported inputs used in the 

production process (Wyckoff & Roop 1994). It is a suitable tool for the 

assessment of resource and pollutant embodiments in both goods and services 

at a macroeconomic scale (Lenzen 2006). As Forssell and Polenske (1998) 

stated: “The purpose of the IO analysis is to trace these interactions and to 

examine how policy alternatives modify the two-way flow process.” The IO 

analysis method has many functions and is often used in the approximation of 

energy input and the estimation of anthropogenic CO2 emissions at stages of 

production and consumption, as well as embodied energy and the carbon 

emissions resulting from international trade of products. It is also used for the 

assessment of carbon leakage and the allocation of responsible environmental 

pressures to a region’s industries in terms of the selective principle of territorial 

responsibility. 

 

IO analysis can also be applied to aviation scenarios where the points of 

emissions at the airport – including airport facilities, shops, down to the activities 

of air passengers once they have arrived at the airport to check in for their flights 

– can be identified and assessed. It also can be used for airlines activities from 
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take-off to landing and during taxiing at destination airports. Aircraft 

manufacturers such as Boeing and Airbus play a big part in the contribution to 

carbon emissions during the manufacturing process. However, in this study, 

the focus will be more on the area of carbon emissions at the airport, including 

the air passengers’ activities before their flight. 

 

The major difference in the many versions of IO analysis in the current literature 

is the monetary versus the hybrid units of technical coefficients matrix (Ferng 

2003). The hybrid version of the IO analysis has claimed to prevent the violation 

of the energy conservation condition that might occur when monetary 

transaction tables are used in the estimation of embodied energy and energy 

intensity of products. The data entries corresponding to the energy sectors in 

an IO table are measured in physical units, which consist of energy consumed 

as fuels and as raw materials, and the estimated figures are the amounts of 

energy/carbon embodied in products under the hybrid method (Ferng 2003). 

The monetary method, however, estimates CO2 emissions by combining 

monetary coefficients with information on the primary fossil fuels combusted at 

the stages of production and consumption, and the coefficients of CO2 

emissions (Ferng 2003). In this method, the amount of energy combusted or 

CO2 emission produced at various stages of production and consumption can 

be estimated separately. The location, domestic areas or foreign countries 

where the energy combustion occurs and CO2 emitted can be distinguished 

using this method. Although the monetary method might violate the 

conservation condition, it could also result in higher accuracy estimates when 

applied to the final demand of the base case from which the model is initially 

derived (Miller and Blair 1985; Ferng 2003). Identifying whether a producer or 

consumer should be responsible for pollutants into the environment is detailed 

in the next section. 
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 Producer and Consumer Responsibility 

 

Producers are the direct emitters of CO2 and are usually expected to be 

responsible for all pollutants emitted into the environment (Smith 1904; Lenzen 

1998).  

 

Consumers, on the other hand, are also expected to be responsible for their 

‘actions’ as it is believed that “consumption is the sole end purpose of all 

production” (Smith 1904; Lenzen 1998). The consumption of products has 

social and economic benefits to consumers. Monetary benefit is possible in 

some cases where consumers are also the producers of products or services 

using the goods consumed. Since production benefit in income generation and 

consumption benefit in living standards are two major contributors to the 

degradation of the environment, excessive CO2 emissions should be shared by 

both producers and consumers (Ferng 2003).  

 

However, there are as yet no studies on the accounting for CO2 emissions for 

the aviation industry in the literature. This research is focussed on identifying 

the various stakeholders in air travel and the shared responsibility for 

anthropogenic CO2 emissions that each stakeholder should bear in the process 

of air travel. 

 

This study has detailed the various stakeholders involved, and their contribution 

of carbon emissions in the process of air travel in the form of process 

flowcharts. Two process flowcharts will be discussed in detail in Chapter 4. The 

departure schedule flowchart will depict an air passenger activities beginning 

at the arrival of the origin airport to takeoff, while the arrival schedule flowchart 

will show passenger activities from arrival at the destination airport until leaving 

the airport. 
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 Airport Emission Inventory Studies 
 

It is well understood that around the world, the aviation sector is experiencing 

tremendous growth compared with other modes of transport such as rail or bus 

(Capoccitti et al. 2010). However, on the downside of this growth in aviation 

traffic is a rapid increase in air pollution. Research has also shown that pollution 

by conventional ground passenger vehicles and manufacturing industries is in 

decline, whereas pollution from aircraft is growing at a rapid pace (Capoccitti et 

al. 2010). 

Many European nations are required to reconsider their airport expansion plans 

given pressures from air quality indices and other adverse environmental 

impacts like increasing GHG emissions. Some major airports, such as 

Heathrow in the United Kingdom, have strict air quality requirements to meet 

such as the limit on NO2 introduced in 2010. The introduction of environmental 

regulations such as this is forcing airports to undertake more in depth studies 

of local air quality pressures in “airport emission inventories”.  

This requirement has been brought about because airport operations (including 

airlines, ground vehicles, and power sources) generate a great deal of 

emissions, all of which impact local air quality and adversely affect human 

health. If the pollution caused by airports exceeds legal limits, then airport 

operations may be constrained. As a result, it is becoming more and more 

important to measure the level of carbon emissions at airports. 

There are a number of international bodies playing a crucial role in this area. 

These include the IPCC, the International Civil Aviation Organization (ICAO), 

and the International Council for Local Environmental Initiatives (ICLEI). 

Within Australia, the Department of Sustainability, Environment, Water, 

Population and Communities (DSEWPC), and the Department of Environment, 

Water, Heritage, and the Arts (DEWHA) are playing key roles. DEWHA has 

developed National Pollutant Inventory (NPI) Guide for Airports in 2008, as well 

as inventory guides for many other industries that helps in emission inventory 
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accounting from as early as 1998 (DEWHA 2008). 

There have been a number of emission inventory models developed in different 

countries used to model aviation emissions. These include the United States’ 

Federal Aviation Administration’s (FAA) emissions and dispersion modelling 

system (EDMS v. 4.2) in 2004, the Europe’s airport local air quality studies 

(ALAQS) in 2009, Germany’s Lagrangian simulation of aerosol-transport for 

airports (LASPORT) in 2002, etc (FAA 2004; Celikel et al. 2005; Eurocontrol 

2009; Janicke Consulting 2011). Most of these models take emissions from the 

following source categories:  

• Aircraft (in the landing and takeoff cycle) and auxiliary power units 

(APU)How would the airlines cope with these changes? 

• Ground support equipment (GSE)  

• Stationary sources  

• Parking facilities and roadways (or ground access vehicles – GAV)  

• Fire services training fires 

• Construction activities.  

 

All the emissions measured using the models above are typically reported as 

pollutants and match the source categories as listed in the guidebook on 

Preparing Airport GHG Emissions Inventories – PAGGEI (ACRP 2009). An 

important point in developing an emissions inventory is to collect sufficient data 

such that different methods can be applied for advanced analysis (ACRP 2009). 

It is also recommended that emission ownership and boundaries should be 

clearly documented in the analysis. International recommendations suggest 

that an emission inventory should at least measure Level 1 emissions (i.e. only 

CO2 emissions), but Level 2 (i.e. CO2, CH4, N2O, SF6, HFC, and PFC) or higher 

is preferred (ACRP 2009). 

In this section, the study summarises several existing studies on international 

airport emissions inventories that aim to provide a clearer framework for the 

aviation industry. A number of similar studies on airport emission inventories 

conducted internationally, that have reports available online, have also been 

identified. 
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2.9.1 EDMS (FAA – United States) 

The emissions and dispersion modeling system (EDMS) is a complex source 

microcomputer model designed by the Federal Aviation Administration (FAA) 

in the United States to model aviation emissions (FAA 2004). It is an air quality 

assessment tool developed specifically for the aviation industry to determine air 

quality impacts of airport emission sources. The five main areas included in the 

assessment are as follows (FAA 2004): 

• Emissions and dispersion calculations 

• Latest aircraft engine emission factors from the ICAO engine exhaust 

emissions data bank 

• Vehicle emission factors from the latest version of the U.S. Environmental 

Protection Agency’s (EPA) MOBILE6 model 

• EPA-validated dispersion algorithms 

• Emissions data for criteria pollutants and speciated organic gas (OG) 

emissions – 45 hazardous air pollutants (HAP) and 349 non-toxic 

compounds 

As reported by the FAA on its official website, this model has been replaced by 

the Aviation Environmental Design Tool (AEDT) as at May 2015 (FAA 2015). 

 

2.9.2 Denver International Airport Case study (EDMS) 

This study was organized by the State of Colorado Air Pollution Control Division 

(APCD) to update its carbon monoxide (CO) and particulate matter (PM10) 

inventory in 2005. The report outlined the data and the estimating approach 

used to prepare the airport emission inventory. The study used EDMS v.4.2 for 

aircraft operations and the APU, the U.S. EPA’s NONROAD model for GSE 

and the Mobile 6.2 emission model for city support equipment. This report also 

outlined emissions from construction activities around the airport. 

 

2.9.3 Seattle-Tacoma International Airport Case study (EDMS) 

This study was organized by the Port of Seattle to update its carbon dioxide 

(CO2) inventory in 2006. In this study, EDMS was used for aircraft operations, 

and the EPA’s NONROAD model for GSE. The report also mentioned the use 
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of automatic vehicle identification for commercial vehicles entering the airport 

and, in turn, estimating the emissions from these vehicles. Emissions were 

categorised based on ownership (i.e. Port of Seattle Aviation Division, airlines, 

tenants, and public). The report concluded that 90% of emissions came from 

airlines and tenants. Similar studies have also been conducted at Switzerland 

Zurich Airport and London Stansted Airport in 2008. 

 

 Sustainable Airports 
 

This section describes three international airports and outlines the sustainability 

practices at each terminal. The airports are Singapore Changi Airport (SCA) 

Terminal 3, London Heathrow Airport (LHA), and Paris Charles De Gaulle 

(CDG) Airport.  

 

These three airports were chosen based on three factors. Firstly, the literature 

review conducted in the course of this study had shown these airports to be 

‘greener’ and considered to be sustainable airports by many researchers and 

environmental agencies such as Budd et al. (2013) and Eurocontrol (2009). 

Secondly, the size of the airport is also considered. These three airports were 

in the top 20 list for the busiest international airport that handle the most number 

of international passengers (ACI 2013), and future expansion was discussed. 

Lastly, the data availability on sustainability efforts at the airport. All three 

airports have comprehensive sustainability reports available to public. This 

review was conducted using the airports’ 2011 sustainability reports. Five 

categories are covered for each airport: emissions, energy efficiency, waste 

management, noise management, and water management. 

 

2.10.1 Singapore Changi Airport Terminal 3 

Singapore Changi Airport Terminal 3 (SCA T3) is a sustainable airport awarded 

the “Green Mark Gold” in October 2009 by the nation’s Green Mark building 

energy efficiency scheme and the “Best Green Service Provider” at the Annual 

Asian Freight and Supply Chain Awards in 2010 (Changi Airport Group 2011). 
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The Green Mark scheme is an initiative launched by the Singapore Building 

and Construction Authority (BCA) in January 2005 to promote sustainability in 

buildings and raise environmental awareness among developers, designers 

and builders, before construction of buildings commences (Building and 

Construction Authority 2011). The benefits of meeting the BCA Green Mark 

scheme requirements include mitigation of carbon emissions, as well as 

improvement in onsite environmental management. The five main areas of SCA 

T3 environmental efforts are carbon emissions, energy efficiency, waste, noise, 

and water management. These are described in the following sections. The 

data and all the following in the following sub-sections will come from the 

airport’s sustainability report 2011 (Heathrow Airport 2011). 

 

Emissions 
 

SCA T3 employs a fully automated telemetric air quality monitoring and 

measurement system monitored by the National Environment Agency (NEA) 

through the use of remote air monitoring stations that provide an efficient, 

simultaneous collection of air quality data (CAG 2011). The data collected are 

assessed and evaluated for air pollution and health and safety hazards. SCA 

T3 initiatives in this area include the introduction of new technologies to assist 

in the daily operations of the airport which include (CAG 2011): 

• Compressed natural gas (CNG) tractors to be used by ground support 

crews. 

• Hybrid tractors used in the baggage sorting area. 

• Changi Airport Sky Train used to transport passengers between terminals 

– which is powered by electricity and generates zero local emissions. 

• Effective airfield design to accommodate a higher number of rapid exit 

taxiways and connecting taxiways to reduce airfield congestion, hence 

reducing taxiing time and engine emissions. 
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Energy Efficiency 
 

SCA T3 has employed the following initiatives to improve energy efficiency at 

the airport terminal (CAG 2011): 

• Usage of energy efficient lighting throughout the airport. 

• Installation of motion sensors throughout the airport for control of lighting 

where continuous lighting is not required. 

• Usage of natural lighting sunlight in passenger areas where possible. This 

is achieved through double glazed glass and solar shading devices that 

allow natural light into the building while minimizing heat transfer into the 

building. This reduces the need for artificial lighting and air conditioning. 

• Escalators and travellators are turned off during off peak hours at night. 

• Peripheral lighting is switched off during daytime. 

• Employment of the best energy efficient options for assets and equipment. 

 

Waste Management 
 

The waste from SCA T3 is generated from terminal and flight operations, 

handling, maintenance, and construction and provision of infrastructure at the 

airport. Environmental efforts by SCA T3 in this area focussed on the reduction 

of waste production and improvements in waste recycling. Their initiatives 

include the following (CAG 2011): 

• Promoting recycling efforts by creating awareness through creatively 

designed recycling bins placed at various locations in the airport terminals 

1, 2 and 3. 

• Using recycled materials to rehabilitate taxiway pavements 

• Using recycled concrete to construct roadways, pavements, drains and 

kerbs. 

• Refurbishing offices with drywall partitions instead of bricks to reduce waste 

generation, hence cost savings through lower waste disposal and raw 

material costs. 
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Noise Management 
 

Noise pollution often occurs as a result of aircraft operations, ground support 

activities such as engine maintenance, re-fuelling, baggage loading/unloading 

and re-provisioning of aircraft, airfield maintenance and site development 

activities. The airport targets noise pollution by (CAG 2011):  

• Employing ICAO guidelines to reduce noise at source. This requires civil 

aircrafts operating in Singapore to meet noise standards stipulated by 

ICAO. 

• Factoring noise abatement considerations into the airport’s long term 

planning. 

• Ensuring land use planning is in accordance with the guidelines from 

Singapore’s Urban Redevelopment Authority (URA). Noise studies are 

conducted regularly and recorded for future land use planning. For 

example, three out of the four runways have ends that are almost directly 

over the sea. Only one runway designated for departures towards the south 

on Runway 1 fly over a small portion of land, which has been designated 

for non-residential use.  

• Based on the main priority of the Civil Aviation Authority of Singapore’s air 

traffic services, assignment of runways to aircrafts is premised on the fact 

that departures are noisier than landing. Therefore, Runway 1, which is 

located closer to residential area is used for arrivals and Runway 2, which 

is located further away from residential area is used for departures. 

• In the event of maintenance of Runway 2, Runway 1 will be used for aircraft 

departures towards the South but is restricted to the early hours of the 

morning. 

• All aircrafts operating in Singapore are required to follow defined routes that 

are designed to avoid flying directly over residential areas. 

• CAG conducts regular inspections at the airport for abnormal noise activity 

and collects feedbacks from local community to ensure satisfaction with 

noise pollution management. 
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• CAG also works closely with airside agencies such as ST Aerospace 

Services Co Pte Ltd (SASCO) to ensure that the impact of noise from their 

compounds is minimised especially between the hours 00:00–06:00 daily. 

 

Water Management 
 

Water management is another important area in working towards a sustainable 

airport. Water wastage contributes to climate change through energy 

consumption that is required to process and treat water to a level suitable for 

drinking. The initiatives implemented by CAG to reduce water usage includes 

(CAG 2011): 

• Implementing a rainwater harvesting scheme to collect rain water for 

irrigating plants at Changi Airport’s nursery and external landscaped areas. 

• Recycled water (i.e. NEWater) is used for non-potable usage, including 

irrigation, fire-fighting, sanitation, and cooling purposes instead of using 

domestic and potable water. 

• Flow rate regulators are installed at wash basins in selected areas of the 

airport to reduce water usage by 66% from 6 litres per minute to 2 litres per 

minute. 

• Taps are fitted with on-off sensors to prevent water wastage. 

• Tenants are being educated on water efficient fittings in their premises. 

• Low-flush toilets using NEWater for flushing are installed. 

 

2.10.2 London Heathrow Airport 
London Heathrow Airport (LHA) has made notable progress in its effort to 

reduce its environmental impact from airport terminal operations. The data and 

all the following in the following sub-sections will come from the airport’s 

Sustainability Action Plan Review 2011 (Heathrow Airport 2011). 

 

 

 

 



  61	

Emissions 
 

London Heathrow Airport (LHA) has implemented a 10–steps action plan based 

on the five objectives set out by its sustainability team to mitigate its carbon 

footprint and improve air quality in the vicinity of the airport.  

 

The first objective of LHA is to reduce emissions from aircrafts. LHA worked 

closely with their flagship carrier, British Airways, as well as other airlines 

operating from its terminals to better understand the effects of emissions in the 

process of aircraft operations from landing to take-off, including taxiing. The 

following actions were put in place to reduce emissions from aircrafts at LHA: 

• The running times of pre-conditioned air (PCA) and accessing aircraft APU 

must comply with stricter standards in the operating standards instruction.  

• A levy on nitrogen oxide (NOX) is imposed in landing charges on all aircrafts 

to encourage airlines to use a cleaner fleet. 

• A forecast on emissions was conducted for 2015 and 2020. The data 

collected will be used to analyse airport air quality and aid in reducing 

emissions by 2020. 

• Research to understand the tradeoffs between noise and aircraft emissions 

with industry partners and regulators was carried out. 

 

The second objective of LHA has been to reduce emissions from airside 

vehicles. A clean vehicle programme was introduced in 2012 to reduce 

emissions from airside vehicles. The airport has achieved a significant 

improvement in replacing its fleet of airside vehicles with a more efficient fleet. 

The percentage of low emission vehicles increased from 16% in 2012 to 82.6% 

in 2015. However, LHA’s fleet of snow vehicles has led to an increase in NOX 

emissions. Overall, the airport has attained a reduction of 2% for CO2 and 4% 

for NOX (Heathrow Airport 2011). 

 

The third objective of LHA has been to manage emissions from landside 

vehicles. To achieve a reduction in carbon emissions for landside vehicles, 

several actions have been rolled out: 
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• New contracts have been awarded to a local mini cab firm with a cleaner 

fleet consisting of Toyota Prius and vehicles using Euro 5 rated clean diesel 

in collaboration with the airport to provide passengers transport services. 

• Participation in the Hydrogen Transport in European Cities (HyTec) project 

to deploy cleaner fleets (i.e. 15 hydrogen taxis and 5 scooters) by 2012. 

• A stricter set of standards on low vehicle emissions has been imposed for 

all Heathrow-based contracts for the Heathrow Consolidation Centre that 

is responsible for the logistical services to all businesses within the airport.  

 

The fourth objective has been to reduce emissions from fixed sources that 

includes compliance with the pollution prevention and control permit for NOX 

limits for the airport’s boiler plant. 

 

The fifth and last objective in managing emissions has been its effort in 

communicating LHA’s impact on local air quality to the community. All data from 

Heathrow’s air quality monitoring stations are updated regularly and made 

public on the Heathrow Airwatch websites, including a progress report via its 

2011 edition of its annual public statement of operations, the LHA Performance 

Summary.  

 

Energy Efficiency 

 

LHA has also put in place policies to increase its airport energy efficiency. It 

has maintained its Airport Carbon Accreditation Scheme (ACAS) through 

compliance of its airport boiler plant with a pollution prevention and control 

permit (Heathrow Airport 2011). Its airport energy strategy achieved a 15% 

reduction in emissions through energy saving actions, with a review on 

renewable energy technology in 2011. The information collected was used to 

revise energy saving strategy for 2012. 
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Waste Management 
 

LHA produces about 110,000 tonnes of waste each year and is directly 

responsible for a quarter of this waste (Heathrow Airport 2011). The airport 

devised a plan with five main objectives to reduce, reuse and recycle as much 

waste as possible. 

 

The first objective was to minimize waste where the airport works jointly with 

business partners to monitor and reduce waste through training programmes 

and information sessions. A tiered waste-charging scheme was introduced for 

airport retailers to enhance the waste reduction efforts and incentivise retailers 

to adopt sustainability behaviours. New recycling centres were also provided 

for retailers at different terminals. Partnership between tenants and Heathrow 

Sustainability team has also been formed to identify ways to recycle waste 

cooking oil. 

 

The second objective was to maximize recycling. Several recycling 

programmes was put in place for both air passengers and business partners, 

including a food waste recycling scheme. The airport was also committed to 

employ professional recycling companies to better design waste and recycling 

facilities to improve and maximise recycling performance. 

 

Diverting waste from landfill was the airport’s third objective. LHA aimed to 

achieve zero waste to landfill by 2020 by sending their waste to energy 

generation. This program has shown good progress, with 9.5% of waste 

diverted to sources rather than landfill since 2011. 

 

The fourth objective has been to reduce hazardous waste.  An inventory 

monitoring program was put in place. LHA has also worked with other business 

units to identify alternative non-hazardous materials to be used, as well as other 

recyclable options for hazardous waste generated from the airports. 

 

The fifth objective was to manage construction waste sustainably through a 

series of reporting, monitoring and reviewing processes. LHA has managed to 
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recycle 96% of construction waste from the demolition and construction of the 

terminal 2 building. 

 

Noise Management 
 

LHA works to minimise the impacts of airport noise on local stakeholders with 

a 5-year noise action plan, which will be reviewed every 5 years. The key areas 

identified to manage the noise issues are reduction of noise impacts, greater 

interaction with communities to better understand their concerns, minimisation 

on the number of noise-sensitive properties around the airport vicinity through 

planning policies, better management of the airport’s sustainability team, and 

the upgrading of staff training on the understanding of aircraft noise to develop 

better informed sustainability strategies. 

 

LHA aimed to achieve these objectives through working with airlines and the 

recommended phasing out of older, less efficient aircrafts. A review on landing 

charges for airlines was conducted to encourage usage of quieter aircraft at 

Heathrow. The airport also worked jointly with the government to discourage 

airlines who breached departure noise limits, and also suggested a future night 

flying schedule restriction to maintain lower noise levels for the local residential 

stakeholders. 

 

Water Management  
 

Water management was not discussed in detail in the 2011 sustainability 

report; the focus then was more biodiversity. However, more detailed and 

focussed plan on water management was put in place in the airport’s 2012 

report (Heathrow Airport 2012). Whilst this commentary only discussed 

sustainability report published in 2011, the water management programs in 

2012 will not be discussed. 
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2.10.3 Paris Charles De Gaulle Airport 

Paris Charles De Gaulle Airport (CDG) is the third airport in this analysis of 

sustainable airports. The airport is one of the largest in France and as the 

review suggest is one of the most sustainable airports reviewed in this study. 

 

Emissions 
 

CDG excelled in emission management compared with SCA T3 and LHA. 

Emissions are controlled at the airport and around the airport vicinity through 

collaboration with employees, airline partners and external environmental 

agencies. The scope of this reduction can be seen in an extract from the 

airport’s 2011 sustainability report (Figure 2.5). CDG rolled out a corporate 

travel plan to reduce the environmental impact of transport by airport staff. The 

airport also introduced transport alternatives such as public transport, 

carpooling and other non-motor alternatives of transport. The initiative had 

shown good progress with the airport’s Corporate Social Responsibility Report 

(Aeroports de Paris 2011) indicating an increase of 11% of staff who switched 

to public transport, 2% engaged in carpooling activities, and another 6% used 

alternative means of transport such as bicycles. 

 

The Corporate Social Responsibility Report (Aeroports de Paris 2011) shows 

CDG reinforced efforts to reduce emissions from employees by building 33 

video conference rooms and 6 self-service office spaces to reduce the need for 

travel during workdays. An additional 1,200 computer workstations were 

equipped with MOCS communication tools that enable audio and video 

conferencing as well as online sharing of documents. CDG also aimed to 

reduce CO2 emissions from its ground vehicle fleet by using low emissions 

vehicles such as LPG, NGV and electric-powered vehicles. To assist this goal, 

200 electric vehicles were due to be brought into the fleet by 2015, and a study 

on the installation of recharging stations was in progress. CDG collaboratively 

works with its flagship carrier, Air France and other airline partners to reduce 

aircraft taxiing time, the number of taxiing stops, and aircraft jet fuel 

consumption. The airport has also replaced diesel-powered GPU and APU by 

installing 400Hz power sockets at main sites for aircrafts on the stand. 
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The airport has introduced IT software tools to help reduce taxiing time of 

aircraft in cooperation with Air France and the French Civil Aviation Authority 

(DGAC), to reduce fuel consumption and the associated carbon emissions. 

CDG aimed to achieve a European Level 3 Airport Carbon Accreditation (ACA) 

to include emissions from all stakeholders. This accreditation evaluates and 

recognises efforts undertaken by airports to reduce greenhouse emissions and 

requires checks to be done by an independent third party. In addition, the airport 

operated five air quality measuring stations to improve air quality in and around 

the airport vicinity in 2011. 

 

 

Figure 2.5: Abstract from CDG airport sustainability report – Illustration of 
CDG Sustainability Initiatives 

Source: Figure reproduced from Aerports de Paris sustainability report (2011, 
36). 

 

Energy Efficiency 
 

CDG has put in place strategic plans to reduce internal energy consumption by 

12.46% per square metre of building between 2009 and 2015. This equates to 

an average of 2.2% improvement annually in energy efficiency. The airport also 
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aimed to have 15% of internal energy sourced from renewable energy sources 

by 2015. 

 

Data from the 2011 Corporate Social Responsibility Report showed that internal 

energy consumption was reduced from 1,015 GWhep to 961 GWhep from 2009 

to 2011. The unit “GWhep” is used in CDG sustainability reports to measure 

the primary internal energy consumption per square metre of building 

consumed to produce hot, cold, and electricity. Renewable energy usage 

increased from 1.06% to 3.86% over the same period. 

 

To further assist energy efficiency by using renewables as energy sources, 

CDG installed wood-fired boilers on the site of the thermoelectric plant, which 

was expected to reduce CO2 emissions by 18,000 tonnes per year from 40,000 

tonnes of wood. It was anticipated that this renewable energy source would 

produce 25% of total heat requirements by 2013. 

 

CDG also employed solar power as another renewable energy source. Thermal 

solar panels measuring 72m2 were installed on the roof of its inter-company 

restaurant in Paris-Orly airport to heat 4,000 litres of water, representing an 

annual electricity saving of approximately 30,000kWh. 

The airport also utilised renewable energy sources in other areas, such as 

standalone lighting powered by wind turbines, photovoltaic solar panels along 

walkways, and a thermodynamic solar water heater at Paris Le Bourget airport 

to provide hot water for the fire station. 

 

A study conducted to determine the most efficient means to increase the 

airport’s renewable energy production recommended diversifying energy 

provision sources, such as biogas production and photovoltaic panels. 

The airport information technology department was also involved in efforts to 

reduce energy consumption. Old computers were replaced with terminals that 

use four times less electricity, saving 2,000 hours of electricity per day by 

activating “sleep” mode where possible. Redundant servers have been 

substituted with a shared server, which further reduced unnecessary energy 

consumption. 
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Waste Management 
 

CDG carried out a study on the waste management practices of the airport 

which analysed the quantities of different types of waste produced at the airport. 

The analysis was then used to optimise waste management practices.  

CDG has several initiatives such as the recycling of plastic bottles, building site 

waste materials, papers and ink cartridges. To aid recycling efforts, improved 

waste bins and recycling bins were installed around the airport. 

 

CDG also worked towards increasing the awareness of waste management for 

its employees with the distribution of a ‘waste reference guide’. This aimed to 

encourage the airport’s business partners and employees to adopt good 

practices and optimise recycling efforts. 

 

Noise Management 
 

In the airport’s initiatives on noise management, CDG drew up noise maps 

proposed by the DGAC. The noise maps were used to construct exposure 

maps, which have been used to aid site planning in the airport vicinity, as well 

as in the preparation of noise pollutions plans. These exposure maps were also 

used to direct offers of assistance for soundproofing measures to residents 

located in the affected areas (Aeroports de Paris 2011). 

 

Water Management 
 

CDG aimed to excel in water management to comply with regulatory 

requirements based on the size of the airport activities.  These efforts included 

a comprehensive water cycle management practice, from managing drinking 

water supply, and waste water collection, to the collection and treatment of 

rainwater. CDG closely monitored the quality of waste water discharged into 

the sewer network and of rainwater released into the natural environment, as 

well as drinking water for buildings and aircraft. 
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CDG planned to reduce the consumption of drinking water per passenger by 

2015 with the installation of localised water meters to increase awareness of 

the impacts of water consumption. 

 

In order to recycle rainwater, CDG put in place a rainwater collection systems 

with pollution isolation and retention ponds that limited downstream outflows 

and prevented polluted water reaching natural waterways. The collected 

rainwater was then treated with CDG rainwater treatment systems, which was 

then released into the river. CDG also planned to reuse rainwater in the airport’s 

central cooling system which was expected to be in full service by 2012. 

 

 Comparative Evaluation of Sustainable Airports 
 
 

The section provides a comparative analysis of the sustainable practices at the 

three large international airports (Singapore Changi Airport, London Heathrow 

Airport, and Paris Charles De Gaulle Airport) across the five areas of emissions, 

energy, waste, noise and water. The research objective 2 of this study is to 

provide a review of current sustainability management practices at airports in 

different regions. This analysis is to provide an indication on the current 

sustainability management practices at airports across the world and provide 

some benchmarks for corporate review in considering research objective 3 

which is a survey with airport managers; which will then be used to assist in the 

design of the research survey that will be done in the later stage of the study. 

 

2.11.1 Emissions 

This section discusses airport sustainability initiatives in carbon emissions 

mitigation. Table 2.2 details the emission mitigation practices at each airport. It 

can be seen from the table that two out of the three airports studied have 

implemented the following sustainability practices to mitigate carbon emissions 

at airport terminals: 

• Efficient design of the airfield to accommodate high traffic and reduce 

taxiing time. 
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• Monitoring emissions at airports and using the information to make more 

informed sustainability efforts in the future. 

• Introducing more fuel-efficient fleets at airports. 

 

Other initiatives to mitigate carbon emissions at airport terminals are only 

applicable to individual airports. 

Singapore Changi Airport focussed on the implementation of air quality 

assessments at the airport terminal and the utilisation of sustainable fleet for 

aircraft maintenance practices.  

London Heathrow Airport placed emphasis on collaboration with other airport 

stakeholders including business partners, airlines, environmental agencies, 

local government, and local taxi companies to mitigate carbon emissions. 

Charles De Gaulle Airport utilised sustainable ground fleets at the airport and 

were ensuring further sustainability effort, such as the installation of charging 

stations for electric-powered and hybrid vehicles. CDG was also focussed on 

training internal employees in mitigation efforts of carbon emissions at the 

terminal. Incentive programs to manage employee travelling patterns had been 

established through the implementations of a corporate travel plan, and the 

setup of offices with advanced facilities to reduce the need to travel on 

workdays.  

 

It can be seen that each of these three airports had a different focus in terms of 

their sustainability management of carbon emissions. Further investigation  

from the literature review reveals that airports in the EU region have placed 

more focus on collaboration with business partners in the effort to mitigate 

carbon emissions at airports. This is likely because of the international aviation 

sustainability reporting standards governing the airports in the region. At the 

time of this study, airports in the EU were obligated under the EU ETS scheme 

to manage carbon emissions. Hence, business partners who were affected, in 

particular airlines which have had levies imposed on them, were more willing to 

participate in the sustainability initiatives at the airports to reduce carbon 

emissions. This explained the joint collaboration between airports and their 

business partners in plans to combat climate change. 
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Table 2.2: Comparative analysis on Emissions 

Emissions Mitigation Practices at Airports SCA LHR CDG 
Installation of the air quality monitoring and measurement systems �   
Introduction of CNG tractors for ground handlers �   
Introduction of hybrid tractors for baggage handling �   
Introduction of zero emission airport sky train for air passengers �   
Efficient design of airfield to accommodate high traffic and 
reduce taxiing time, thus reducing engine emissions �  � 

Work with airline partners to better understand PCA and APU 
operations to adhere to stricter standards in the Operational Safety 
Instructions (OSI) 

 �  

Working with airline partners to reduce taxiing time, the number of 
taxiway stops, and aircraft kerosene consumption   � 

Installation of power sockets at main sites to replace diesel-powered 
GPU or APU for aircraft on the stand   � 

Levy placed on NOx landing charge implemented to encourage use of 
cleaner fleets  �  

Monitoring and forecasts conducted to make more informed 
decisions in the near future  � � 

Introduction of low emission vehicles (including snow vehicles) 
to reduce emissions   � � 
Work with local taxi companies using hybrid vehicles to reduce 
emissions around airport vicinity  �  

Joint cooperation with the HyTec project in London to reduce 
emissions  �  

Participate in compliance program for boiler plants  �  
Introduce corporate travel plan (PDE) to manage employee travel and 
reduce resulting emissions (i.e. public transport, carpooling, 
alternative transport such as cycling, etc.) 

  � 

Install network of video conference rooms, self-service office spaces, 
and computer work stations equipped with software communication 
tools that enable audio and video conferencing, and online sharing 
tools to reduce the need for travel during workdays 

  � 

Install recharging stations for hybrid and electric powered fleets   � 
Introduce low emission fleets such as LPG, NGV, and electricity 
vehicles to reduce emissions   � 
Work towards gaining a Level 3 Airport Carbon Accreditation at the 
European level    � 

Install wood-fired boiler on site of the thermoelectric plant to achieve a 
reduction of 18,000 tonnes of CO2 emissions per year   � 

2.11.2 Energy Efficiency 

Table 2.3 details the energy efficiency management practices at each airport. 

The table shows that two out of the three airports were implementing the 

following sustainability efforts to manage energy consumption at the airport 

terminals: 

• Utilisation of energy efficient options (e.g. appliances, fixtures, equipment, 

etc.) at airport terminals. 

• Taking actions to improve energy efficiency at airports. 
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Other initiatives to mitigate against carbon emissions at airport terminals were 

only applicable to each airport in different regions. All the three airports were 

working towards compliance in the management of energy consumption at the 

airport terminal according to the local environmental standards applicable to 

the region. 

 

Singapore Changi Airport was utilising energy efficient fittings in the airport 

terminal to reduce energy consumption. The building structure of the airport 

terminal was based on local environment authority’s guidelines on green 

buildings to ensure efficient natural lighting and materials (i.e. fixtures) to 

reduce the need for artificial light and air conditioning at the airport terminal. 

Hence, it can be seen that the focus is on sustainable building structure of the 

airport terminal to reduce overall energy consumption.  

 

London Heathrow Airport, on the other hand, investigated renewable energy 

options other than those implemented by Singapore Changi Airport and Paris 

Charles De Gaulle Airport (i.e. energy efficient fittings and equipment) to reduce 

energy consumption at the airport terminal. It has placed more emphasis on 

renewable energy technology, specifically photovoltaic cells. 

 

CDG’s focus on renewable energy options was far greater than those of LHA. 

CDG put in place a target to achieve 15% of its internal energy to be sourced 

from renewable sources by 2015, and the installation of standalone lighting 

powered by wind turbines, photovoltaic solar panels along walkways, and 

thermodynamic solar water heaters for the provision of hot water for the fire 

stations. CDG also invested in studies on biogas production and photovoltaic 

panels installation to diversify renewable energy sources. 

The three studied airports have again, each showed a different energy 

management focus. The only significant finding was the focus on renewable 

energy options at airports in the EU regions. 
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Table 2.3: Comparative analysis on Energy Efficiency 

Energy Efficiency Management Practices at Airports SCA LHA CDG 
Usage of energy efficient lighting throughout the airport �   
Installation of motion sensors (triggering lighting) throughout the 
airport �   
Usage of natural lighting in passenger areas whenever possible; 
achieved through double glazed glass and solar shading devices that 
allow natural lighting while minimising heat gained from sunlight, 
which in turn reduces the need for artificial lighting and air conditioning 

�   

Escalators and travellators turned off during off peak hours at night �   
Peripheral lighting is switched off during daytime �   
Utilisation of best energy efficient options for assets and 
equipment �  � 

Replacement of old computers with more efficient computers to 
reduce energy consumption   � 

Redundant servers replaced by shared servers to reduce energy 
consumption   � 

Actions taken to improve energy efficiency at the airport 
according to its energy strategy  � � 

Investigate photovoltaic cells and other renewable technology   �  
Maintain status on Airport Carbon Accreditation Scheme at the 
optimisation level  �  

Aim to achieve 15% of internal energy sourced from renewable 
sources by 2015   � 

Install solar thermal panels representing an annual electricity saving of 
30,000kWh for water heating   � 

Install other renewable sources including standalone lighting powered 
by wind turbines, photovoltaic solar panels along walkways, and 
thermodynamic solar water heater to provide hot water for fire station 

  � 

Study biogas production and photovoltaic panels installation to  
diversify energy provision sources   � 

 

2.11.3 Waste Management 
 
Table 2.4 details the waste management practices at each of the studied 

airports. The common waste management sustainability practices implemented 

in two out of the three airports studied included the following activities: 

• Recycling initiatives involving recovered material and energy through waste 

re-use, reprocessing and recycling. 

• Liaison with airport retailers through training and information sessions on 

waste reduction strategies, and recycling programs and schemes 

• Recycling construction waste from demolition and construction activities. 

 

These common waste management initiatives were practiced at both airports 

in the EU region. It can be inferred that airports in the EU region were working 

together with their business partners to minimise waste generation and to 



  74	

increase recycling efforts in contributing to sustainability in waste management 

at airports. 

 
Table 2.4: Comparative analysis on Waste Management 

Water Management Practices at Airports SCA LHA CDG 
Promoting recycling efforts at the airports with creatively designed 
recycle bins �   
Recycled materials used to rehabilitate taxiway pavement �   
Recycled concrete used in the construction of roadways, pavements, 
drains and kerbs  �   

Drywall partitions used instead of brick for office refurbishment �   
Avoid unnecessary resource consumption and waste generation   � 
Minimise waste generation through changing behaviour   � 
Recover material and energy through waste re-use, reprocess, 
and recycle  � � 

Disposal of waste as resort  �  
Implementation of a tiered “waste charging scheme” for airport 
retailers  �  

Liaised with airport retailers through monitoring waste  � � 
Provide training programs and information sessions to airport 
retailers on waste reduction methods  � � 

Promote recycling efforts through recycling programs and 
recycling schemes   � � 

Employ professional recycling companies to better design waste and 
recycling facilities to maximise recycling performance  �  

Recycle construction waste from demolition and construction  � � 
 

Singapore Changi Airport has similar efforts in waste management to those of 

LHA and CDG. Sustainability initiatives practiced at SCA include recycling 

initiatives such as the utilisation of construction waste in the rehabilitation of 

airfields, roadways, pavements, drains and kerbs; the utilisation of sustainable 

building materials (i.e. drywall partitions) for refurbishment of offices to reduce 

waste generation, as well as stepping up recycling efforts through strategic 

placement of creatively designed recycle bins at airport terminals to raise 

awareness and encourage recycling behaviour of the airport visitors.  

2.11.4 Noise Management 

Table 2.5 details the noise management practices at each airport to minimise 

noise pollution in the vicinity of the airport. The only common practice 

undertaken at all three studied airports to manage noise pollution was the 

liaison effort with complainants on significant noise issues. 

The following common sustainability initiatives to minimise noise pollution 

around airports were practiced at two out of the three airports studied:  



  75	

• A comprehensive noise impact assessment for ground-based operations 

was conducted. 

• Noise reduction strategies implemented to address noise pollution from 

other ground-based operations including noise from road traffic, 

construction, and development activities, operations from audible alarms 

and warning systems, aircraft engines and the operations of APUs. 

• Noise abatement considerations were factored into airport’s long-term 

planning. 

• Proper planning on runway usage schedules to minimise noise pollutions 

to local residents.  

 

Most of the sustainability initiatives undertaken at the three airports were 

similar, and it can be inferred that noise management initiatives at airports are 

not affected by geographical regions and/or local environmental reporting 

standards in this area. 

Table 2.5: Comparative analysis on Noise Management 

Noise Management Practices at Airports SCA LHA CDG 
Replacement of APU usage with fixed electrical ground power and 
PCA to reduce ground-based noise   � 

Liaise with aircraft operators and major tenants on identified non-
compliance issues   � 
Liaise with airside agencies (eg. SASCO) to ensure noise pollution 
kept to a minimum between the hours of 00:00H-06:00H �   

Liaise with complainants on significant noise pollution issues � � � 
Conduct comprehensive noise impact assessment for ground-
based operations  � � 

Address noise pollution from other ground-based sources 
including from road traffic, construction and development 
activities, operation from audible alarms and warning systems, 
plant and equipment, aircraft engine ground running, and the 
operation of APUs 

�  � 

Employment of ICAO recommendation guidelines on noise 
management to meet the stipulated standards �   
Noise abatement considerations factored into the airport’s long-
term planning �  � 

Noise studies conducted regularly and recorded for future reference 
on land use planning �   

Proper and appropriate planning on runway schedule for aircraft 
departures and arrivals to minimise noise pollution �  � 

Conduct regular inspection for abnormal noise activities to ensure 
efficient noise management � �  

Better management of sustainability team to improve knowledge on 
aircraft noise  �  
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2.11.5 Water Management 

Table 2.6 details the water management practices at each airport. The result 

shows that two out of three airports studied utilised flow regulators to manage 

water wastage at the airport terminal.  

 

Singapore Changi Airport took initiatives focussed on rainwater harvesting and 

joint collaboration with the local water authority to recycle water (i.e. NEWater) 

to reduce water consumption at the terminal. Other water efficient fittings and 

mechanisms were also in place to ensure effective water management in the 

terminal. Additional efforts to encourage efficient water consumption behaviour 

at the airport terminal were implemented through provision of water 

management workshops directed at airport tenants to increase awareness and 

sustainable water management practices.  

 

London Heathrow Airport did not have water management initiatives at the time 

this study was carried out. However, they did implement water management 

practices the following year in 2012, which will not be discussed in this analysis. 

This analysis is only based on all the airports’ 2011 sustainability reports. 

 

Charles De Gaulle Airport utilised a water management system to reduce the 

water consumption and water wastage in its terminal through a series of stages 

that included monitoring, implementing reduction measures, and reporting to 

ensure the quality and reliability of its water sources and prevent adverse 

environmental impacts. A storm water management is in place to ensure water 

quality and avoid possible contamination of surrounding waterways in the 

airport vicinity through storm-water run-offs in the event of potential hazardous 

spills.  

 

Efforts in water management at CDG and SCA are significantly different which 

is likely due to the geographical location of the airports and the local climate. 

Singapore Changi Airport is in a tropical region with a high rainfall environment. 

This could be the reason for its effort on rainwater harvesting scheme.  
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Charles De Gaulle is on the other side of the world in the EU region with, four 

distinct seasons and wide ranging temperatures. Hence, effort to avoid 

disastrous outcome (i.e. contamination to waterways) due to the inability in the 

predicament of extreme weather conditions, resulted in the implementation of 

comprehensive water management schemes. These include a storm-water 

management and water life-cycle assessment to ensure water quality and 

sustainability in the airport area. 

 

Therefore, it can be said that the geographical region is a strong influencing 

factor in the type of sustainability practices undertaken at different airports from 

different regions in the area of water sustainability initiatives at airports. 

 

Table 2.6: Comparative Analysis on Water Management 

Water Management Practices at Airports SCA LHA CDG 
Implementation of a rainwater harvesting scheme for irrigation 
purposes around airports �   

Implement project to recycle water for non-potable purposes, 
irrigation, fire fighting, sanitation and cooling purposes  �   

Installation of flow regulators at selected areas to reduce water 
usage �  � 

Installation of on-off sensors on taps to prevent water wastage �   
Installation of low flush toilets using recycled water �   
Increase airport tenant awareness of water efficiency through 
providing educational workshops �   

Storm water management to ensure water quality and prevention of 
possible contamination of the surrounding waterways from hazardous 
spills or storm-water run-offs  

  � 

Water cycle management through monitoring, implementing, and 
reporting to ensure water supply reliability and quality, minimise water 
consumption, prevent adverse environmental impacts, and being cost 
effective 

  � 

 

The following section looks at industrial research surveys from companies (i.e. 

Airbus), agencies (i.e. IATA) and bodies (i.e. TRB) in the aviation industry, and 

discusses findings on sustainable air travel and airport practices presented.  

 

 Industry Aviation Reports  
 

From the evaluation of the recent literature, three important and relevant 

studies conducted in the context of sustainable air travel and airport practices 
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were identified. These were conducted by the U.S. Transportation Research 

Board (TRB) in 2008, the International Air Transport Association (IATA) in 

2012, and aircraft manufacturer Airbus in 2012. These three studies are 

summarised in the following sections and their findings compared.  

 

2.12.1 Transport Research Board (TRB) 

The TRB’s “A synthesis of airport practices” is an industrial study consisting of 

a web-based survey and a commentary on the analysis of the survey results 

undertaken in 2008. This survey was distributed to 52 respondents at both 

U.S.A and non-U.S.A airports, all of whom were members of the TRB. Survey 

results were gathered from 25 respondents from airports in the United States, 

the United Kingdom, Europe, Asia, and Canada. 

 

TRB Survey Purpose 
 

The study was created to inform airport operators and their stakeholders on the 

range of sustainability practices implemented at airports worldwide from a triple 

bottom line (TBL) perspective. 

 

TRB Survey Results 
 

The key findings of this survey included current and future barriers and drivers 

of sustainable efforts at airports, as well as the environmental reporting systems 

implemented at different airports, and sustainable practices from a TBL 

perspective. 

 

The survey identified regulations and airport policies were the key drivers for 

the current sustainable practices at airports, with stakeholders’ and global 

concerns the key drivers for future sustainability plans. The larger airports in 

both the U.S.A. and non-U.S.A. territories unanimously identified environmental 

sustainability as a priority in sustainability plans for the next five years. Whilst 

smaller airports in the United States were more focussed on economic 

prosperity, the smaller airports outside of the United States were more focussed 
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on corporate social responsibility and strategic environmental management at 

the governance level. 

 

It was reported that the key barrier for implementation of sustainable practices 

at airports was the lack of financial resources (funds). 

 

Environmental reporting was the most common aspect of TBL assessment 

made at the airport examined. Interestingly, only four out of 25 airports reported 

using the global reporting initiatives (GRI) sustainability reporting guidelines for 

sustainability performance assessment, all of which are outside of the United 

States. 

Environment sustainability practices at airports include measuring and 

monitoring water quality, water conservation, climate change, air quality, land 

use, biodiversity, environmentally sustainable materials, waste, noise, 

aesthetics, energy, and green buildings. 

 

Economic sustainability practices included local hiring and purchasing, 

contribution to the community, quantification of the value of sustainability 

practices, contribution to research and development, and incentivising 

sustainable behaviour. 

 

Social sustainability practices included raising public awareness and education, 

stakeholder relationships, employee practices and procedures, sustainable 

transportation, alleviation of road congestion, improvement of accessibility, 

local culture and heritage, indoor environmental quality, employee and 

passenger well-being. Table 2.3 summarises the TBL perspective of 

sustainability: environment, economic, and social. 
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Table 2.7: TBL perspective on sustainability 
Environment Economic Social 
Measuring and monitoring 
water quality Local hiring and purchasing 

Raising public awareness 
and education 

Water conservation Contribution to the 
community Stakeholder relationships 

Climate change Quantification of the value of 
sustainability practices 

Employee practices and 
procedures 

Air quality Contribution to research and 
development 

Alleviation of road 
congestion 

Land use Incentivising sustainable 
behaviour Improvement of accessibility 

Biodiversity  Local culture and heritage 
Environmentally sustainable 
materials  Indoor environmental quality 

Waste management  Employee wellbeing 
Noise management  Passenger wellbeing  
Aesthetics   
Energy management   
Green buildings   

 

2.12.2 International Air Transport Association (IATA) 
IATA conducts a similar annual Global Passenger Survey, which can be 

accessed online via social media by the public, either with or without an 

invitation by the association. The survey is supported by NCR Corporation and 

in June 2012 was distributed to nearly 3,000 air travellers in 100 countries who 

had travelled in the previous 12 months (IATA 2012). 

 

The 2012 survey was the first international air passenger survey to investigate 

general travel patterns, social media and technology used during travel, 

ancillary services purchased during travel, and personal preferences in the 

process of check-in, security checks and boarding, as well as other individual 

needs and dislikes in the area of passenger facilitation and travel experiences 

(IATA 2012) 

 

This section of the analysis is based on limited information available to the 

public from IATA, as the comprehensive result was not readily available for free 

(Despite efforts to contact IATA, it was not possible to obtain a copy of the full 

survey report for research purposes).  
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IATA 2012 Survey Purpose 
 

The IATA Global Passenger Survey was designed to collect information from 

air travellers to outline the issues affecting air travel and preferences on 

passenger facilitation from the departure airport to the destination airport. It also 

answered the following questions (IATA 2012): 

• What do they want to achieve during air travel? 

• How do they behave? 

• Why do they make the choices they make? 

• What do they spend their money on at the various airport terminals in their 

journey? 

 

IATA 2012 Survey Results 
 

The key finding of this survey showed that only 34% of air travellers purchased 

ancillary services during their travel, as shown on Figure 2.3. Of those 

passengers, it was reported that the most frequently purchased additional 

services were: check-in baggage and excess baggage (55%), followed closely 

by on-board food and beverages (55%), and assigned seats or seat upgrades 

(51%). Other additional services purchases included wireless Internet, priority 

check-in/boarding, access to VIP lounge and inflight entertainment. 
 

The survey also reported that 75% of air travellers preferred to manage issues 

such as check-in and collection of baggage on their own, unless it involved 

missing baggage, at which point they want professional personnel to assist 

them. 

A considerable 93% of air travellers surveyed felt that it was a good idea to 

have dedicated security lanes for families during the security check process. 

 

Biometrics used for airport processes are relatively new and it was surprising 

that 77% of air travellers stated they would be comfortable using them. Air 

travellers from the Middle East were the most comfortable, followed closely 
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behind by air travellers from South America and Africa, then Asia Pacific and 

Europe. 

 

The findings showed that 81% of air travellers were interested in real-time 

tracking of their baggage, with air travellers from Africa showing the highest 

interest and those in the Europe showing the least interest. 

 

Both business and leisure air travellers pretty much shared the same concerns 

when it came to frustrations of air travel security checks Business and leisure 

travellers found security check queuing time to be most frustrating, followed by 

the removal of shoes, belts, and other personal effects, the pat-down security, 

the full body scanning, and the restrictions on liquids and aerosol products 

allowed on-board the plane. 

2.12.3 Airbus 

In 2012, Airbus distributed a survey named “The Future” asking more than 

10,000 people in 10 countries across the globe what they really want from the 

aviation industry in the future. Airbus believed that demand for air travel would 

continue to increase, and that efforts to mitigate climate change should not be 

neglected. To continue to strive in the industry, without sacrificing the 

sustainability aspects of a better future for the next generation, Airbus designed 

the survey to identify passenger issues and focus on the challenge to create a 

more sustainable world by 2050 and beyond (Airbus 2012).  

 

Airbus 2012 Survey Purpose 
 

This survey studied the “wants” of air travellers. The information gathered from 

the survey would be considered in the design and manufacturing of the next 

generation of aircraft by Airbus. Airbus aimed to satisfy air travellers’ 

requirements for a sustainable aviation industry with the outcome of the survey. 

The finding of the survey comprised the following categories: 

• Future energy sources 

• Unlocking transport congestion 

• A whole new way to fly 
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• The Airbus concept plane 

• The Airbus concept cabin 

• Cabin technologies 

 

Airbus 2012 Survey Results 
 

The survey revealed that 74% of future air travellers believed that face-to-face 

interaction was required to forge a stronger and lasting relationship with 

families, friends and work partners. Some 58% of air travellers reported that 

phone calls were sufficient in maintaining good relationships, and 48% stated 

social media to be the key mode of communication in the maintenance of 

relationships. 

 

It was found that 96% of the respondents had agreed that aircraft needed to be 

environmentally sustainable. Of that 96%, 86% of respondents preferred lower 

fuel consumption, 85% believed sustainability could come about through 

reduced carbon emissions, another 78% of respondents believed in developing 

the use of alternative fuels (i.e. biofuels), followed closely by factors such as 

flying carbon neutral, quieter aircraft, fully recyclable aircraft and aircraft made 

using fully recyclable materials. 

 

The following seven expectations were identified when air travellers were asked 

to state their “wants” in future air travel: (Figure 2.6) 

• Less waiting time at airports (28%) 

• Quicker door-to-door time (16%) 

• Fly more direct routes (15%) 

• Shorter flight times (15%) 

• Better food and entertainment (11%) 

• More choice of flights (10%) 

• Fly on faster planes (5%) 
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Figure 2.6: Expectations of air passengers in future air travel 

Source: Figure reproduced from the information in the Airbus survey report 
(2012) 

 

Air travellers also revealed that delays and late arrivals were the most annoying 

aspect of air travel, followed by slow check-in, waiting for luggage, length of 

flight, security screening time, sitting on the tarmac, queuing for customs 

clearance and circling over the airport waiting to land. 

 

Whilst the Airbus survey discusses a whole range of concerns from air travellers 

that could influence sustainable air travel, the following section presents the 

challenges and open research issues that require further investigation in terms 

of airport sustainability management. 

 

 Challenges & Open Research Issues 
 

Based on the literature review and the investigation of numerous airport 

sustainability studies, the following research questions are presented to provide 

further context in relations to sustainable airport management. 

 

Lesser time at 
airport (28%)

Quicker door-to-
door time (16%)Fly more direct 

routes (15%)

Shorter flight 
times (15%)

Better food and 
entertainment 

(11%)

More choice of 
flights (10%)

Fly on faster 
planes (5%)
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1. There are various federal and state government policies & reporting 

standards obligations for airports internationally. In each country, what policy 

and reporting standards are used?  

 

2. Airports around the world are undertaking sustainability initiatives to be 

greener. What should be the key area of focus (i.e. emissions, energy, water, 

noise or waste management) to be sustainable? 

 

3. What are the common emissions reduction strategies used? 

  

4. What are the common energy reduction strategies used? 

 

5. What are the common water management strategies used? 

 

6. What are the common noise management strategies used? 

 

7. What are the common waste management strategies used? 

8. There are many barriers to sustainability initiatives at airports. Which of these 

are most common to airports globally? 

 

9. A carbon tax is being introduced to aviation industry and communities in 

certain countries at a certain point of time when this research study was 

conducted. What do the experts – airport managers – think of that? 

 

10. What are the impacts of climate change on air travel or vice versa? Is climate 

change going to change air travel patterns? Is it going to increase utilisation 

of social media and advancement in technology for communication? 

 

11. Which of the airports in the world are ranked by experts in the field as the 

leading sustainable airports? 

 

12. There are many sources of emissions in an airport terminal. Some have been 

included in federal and states reporting standards, whilst some have not yet 

been recognised. What are they? 
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This study aims to provide answers to these issues and recommendations for 

improvements using the outcome of this study. 

 

 Summary 
 

This chapter has discussed areas of carbon pricing models, emission 

accountability models, airport emissions, sustainable airports, and sustainable 

practices at airports. 

 

After a thorough evaluation in the area of sustainability in aviation industry, the 

research issues that require further investigation have been identified. The 

research issues underpin the framework of this research to further understand 

sustainable operations at airports and the work to provide improvements in this 

area. The next chapter will provide more information on these issues. 
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Chapter 3 Research Methodology 
 

3 Introduction 
 

This chapter outlines the main research problems that will be addressed in this 

thesis. A formal description of the problem will be provided, followed by the key 

issues addressed in this thesis. This chapter concludes with an overview of the 

research methodology adopted. 

 

 Problem Definition 
 

Chapter 2 literature review explores the issues associated with sustainable air 

travel and airport management in different countries. Adopting sustainability 

practices has become a trend in recent years, and this research will identify 

sustainability initiatives undertaken – including managing carbon emissions, 

energy consumption, water, noise, and waste management – at a number of 

international airports. Other factors, such as the barriers and drivers of 

sustainability practices, the impact of climate change, and carbon tax on 

airports and air travel will also be studied. To achieve these main objectives, 

there are several steps that will lead to the anticipated outcomes; in general, 

the first step is to assess carbon footprint of a general airport and then used 

that information to suggest ways to reduce carbon footprint from check-in to 

arrival at a destination airport using the most effective sustainable airport 

practices.   

 

 Research Issues 
 

The following are the key research issues identified by the literature review 

conducted in Chapter 2. Each research issue will be discussed in detail. 
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1. Policies and Reporting Standards 
 

There are many policies and reporting standards adopted by federal and state 

governments for managing airports. Airports are obliged to follow these 

standards to fulfil their sustainability reports. The research aims to study the 

similarities and differences of each policy and the reporting standards used by 

each airport in different regions. 

 

2. Sustainability initiatives undertaken at international airports 
 

Airports are actively undertaking sustainability initiatives. There are many 

initiatives employed by airport managers in order to fulfil their obligations to 

government and the society. Some have done so as part of their approach to 

corporate social responsibility. The research will review areas of focus in terms 

of current sustainability initiatives including emissions, energy, water, noise, and 

waste. The study will also determine which areas have attracted the most effort.  

 

3. Sources of carbon emissions at airports 
 

In the area of carbon emissions, airport operators are obliged to work within a 

set of standard regulations and legislations imposed by the local, state and/or 

federal governments. Hence, this study in this area aims to discover the various 

obligations of airport operators in the area of carbon emissions at airports. 

 

4. Energy consumption at airports 
 

The literature review found that energy management was one of the key factors 

in the reducing the carbon footprint of the aviation industry. It has been reported 

that most airport operators have adopted advanced technologies to reduce 

energy consumption at airport terminals. Major aircraft manufacturer such as 

Airbus has also taken consumer surveys to identify air passengers’ wants and 

to aid creation of future sustainable aircraft and understand air travel trends and 

practices. Reviews on sustainable airports discuss and identify the most 
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popular and effective method used by airport operators globally in the area of 

reducing energy consumption at airports (i.e. research objectives 3 and 5).  

 

5. Water wastage at airports 
 

There are many approaches undertaken by airport operators around the world 

to minimise water wastage at airport terminals. However, there is not much 

information in the literature on the most effective adopted methods of water 

management. This study identifies the most common and most effective 

methods used by airport operators in the world in terms of water management, 

and the reasons for these choices, as stipulated in research objectives 3 and 

5. 

 

6. Noise pollution at airports 
 

Noise pollution around the airport vicinity is a known factor across the globe. It 

is the foremost concern of all airport operators amongst others. It is a well-

studied area with several effective methods employed by airport operators to 

manage noise pollution in airport vicinity. The research in this area will identify 

these practices used by airports in managing noise pollution, and the 

effectiveness of these practices. 

 
7. Waste management at airports 
 

Waste management is one of the most understated sustainability practices, and 

the area where most airports have not placed much emphasis on. It is only in 

recent years that airport operators have begun to put in more effort in waste 

management and related activities such as recycling. The research will 

investigate the recycling initiatives undertaken at airports, and determine the 

most effective sustainable waste management practices.  
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8. Barriers and Drivers to sustainability initiatives at airports 
 

From the review, airports have revealed both the barriers and drivers to 

sustainability efforts, which will be discussed in detail in Chapter 6. This study 

will further investigate these barriers and drivers, and a comparative study will 

then be conducted to find the most common barriers and drivers of 

sustainability management in international airports.  

 

9. Carbon tax in the international aviation industry  
 

Carbon taxes have been introduced in several countries as early as 1991 in 

Sweden and Norway (Kossoy et al. 2015). More countries have participated in 

the ratification of the climate change agreements (e.g. Kyoto Protocol and 

COP18, etc.) and implemented carbon tax to include the aviation industry, and 

Australia is one of these countries that had implemented carbon tax in 2012 

and abolished in 2014 (ASIC 2015). Whilst the concept of carbon taxes are not 

new, but those tax schemes that include the aviation industry are relatively new. 

There has been a lack of consensus among aviation experts on the necessity 

of these carbon taxes for the aviation industries. Hence, the research aims to 

determine the answer to this question based on the opinions of airport 

environmental managers in this study’s survey. The discussions on carbon tax 

is to investigate the effectiveness of the scheme by collecting first-hand 

information from the industry professionals to achieve this study’s research 

objectives 3 and 5. Does the industry find a ‘carbon tax’ necessary? Is such a 

tax useful in mitigating climate change? 

 

10. Impact of climate change on air travel 
 

There have been many studies depicting the impact of air travel on climate 

change. However, does climate change affect air travel? Does it change the 

behaviour of both business and leisure air passengers? Or does it affect airline 

business? This study aims to discover whether climate change has impacted 

on air travel. As sustainability issues are more widespread in this era, the 

knowledge of climate change is well known to each individual. However, is this 
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affecting air traveller’s behaviour and decisions on travel? The study will 

explore these issues in depth. 

 

11. Sustainable airports  
 

Many studies have included ‘sustainable airports’ in the research. This research 

survey includes a qualitative question to seek respondent’s choice of the most 

sustainable airport. The objective of the research in this area aims to determine 

the top three sustainable airports in the world by votes from industry experts as 

opposed to the literature and industry reports.  

 

12. Carbon footprint of the airport 
 

There are many sources of emissions at an airport terminal. Some have been 

included in federal and states policies, and local reporting standards, whilst 

some have not yet been recognised. The development of the process 

flowcharts (i.e. departure and arrival schedule) aims to determine all points of 

emissions at an airport, from the perspective of an air passenger’s arrival at the 

departure airport to the destination airport. The carbon footprint in airport 

management will be captured in the flowcharts, and carbon reduction methods 

and strategies will be proposed. The survey utilised in this study will also 

determine the worst pollutants at different airports. 

 

 Research Methodology 
 

This research incorporates both practical and theoretical research methods. 

The practical research method consists of a survey that is both qualitative and 

quantitative, whilst the theoretical research method involves a critical literature 

review of theoretical and empirical studies in this field. 

 

3.3.1 Qualitative Approach 

A qualitative method is a broad methodological approach which aims to seek 

empirical support for research hypotheses (Mack et al. 2005). Qualitative 
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research methods can produce contextually rich and industrial specific 

information that is critical and has a bearing on the efficacy of the research 

interventions and results (Mack et al. 2005).  

 

This method has proved to be useful in obtaining industry and culturally specific 

data for a particular population. The data collected using this method includes, 

but is not limited to, the values, opinions, behaviours, and social contexts of the 

study population (Mack et al. 2005). In other words, it is effective in 

understanding the given research issues from the perspectives of the local 

population involved in the study.  

 

The strength of this research method is the identification of intangible factors 

and the provision of complex textual descriptions of the local population that 

provides the “human” side of an issue. When used alongside quantitative 

methods, qualitative research can provide a framework to assist in the 

interpretation and understanding of the complex reality of a given situation, and 

also the implications of quantitative data obtained.  

 

The findings from this research method aims to gain a more thorough 

understanding of a specific social context or phenomenon which typically taking 

precedence over eliciting data that are generalised to other demographic 

populations. 

 

3.3.2 Quantitative Approach 
The quantitative research method is the systematic empirical investigation of 

observable phenomena using statistical or computational techniques to 

develop and employ theories pertaining to the studied hypotheses (Moballeghi 

et al. 2008). These methods employ an iterative process to evaluate information 

that is measurable, and quantitative research methods often include surveys 

with closed-ended questions.  

 

Quantitative data is usually gathered using statistical data in the form of 

numerical values, which contrasts with qualitative data, which is word-based 
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data gathered from the study population. Quantitative data is more structured 

and controlled, and the results from the analysis of these data are generally 

more statistically significant.  

 

Some experts have argued that quantitative research methods are more static 

and rigid, and employs an inflexible process of discovery (USC Libraries 2016). 

Results obtained are also much shallower and contain less detail. As 

quantitative research method is inflexible, it can be helpful in the study on 

broader hypotheses, where it allows for generalisation of the results obtained 

through this research method, with greater objectivity and accuracy of results. 

The application of well-structured, and highly regimental questions means that 

personal bias and human errors such as misinterpretation of results can be 

avoided in a research study.  

  

Considering the known limitations of quantitative research methods, this study 

tried to minimise it when employing a quantitative research method into part of 

a survey, which is used to determine a broader analysis of the managerial 

influences on sustainability management at airports. This part of the survey is 

designed to collect data from airport manager respondents to provide a 

summary and make comparison of international sustainable airport 

management. 

 

 Choice of Research Methodology 
 

A survey consisting of both open and closed-ended questions is used. 

According to Bernard (1995), the key difference between qualitative and 

quantitative methods is the flexibility in the collection of data. The advantages 

and disadvantages of the specific research method chosen are dependent on 

the objectives of the research. This is also the main reason for the choice to 

include both qualitative and quantitative elements into the survey. 

 

The qualitative questions consist of open-ended questions that aim to gather 

respondents’ experiences. The information gathered from industry experts will 
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then be used to describe variations seen in comparison with the data obtained 

from the literature review of international airport sustainability assessments.  

 

The quantitative questions are well-structured questions that seek to describe 

the characteristics of the study population and quantify the variations of the 

research hypotheses. These questions apply to research issues that are 

already well studied in the literature.  

 

Other methods of qualitative and quantitative research methods have been 

considered in the course of this research. Although there are more suitable and 

effective methods available such as face-to-face interviews, it is not possible 

due to financial, time, and geographical constraints. These constraints do not 

allow for this option due to the nature and demographics of the sample 

population. An online survey was seen as the best approach. 

 

Although there are limitations in this study’s survey method, these have been 

factored them into the research methodology to ensure they are minimised. The 

study has ensured that respondents have a contact point for clarifications of 

unclear concepts or, when in doubt. Respondents were encouraged to leave 

contact details for any clarifications during the analysis process.   

 

 Conclusion 
 

This research study employs an international online survey, distributed to 

professionals in the aviation community.  The aim of this study is to undertake 

a cross-analyses of information gathered from the literature review using the 

theoretical research method, with data obtained using a practical qualitative 

and quantitative survey. Further detail on the research questionnaire is 

discussed in the next chapter.  
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Chapter 4 Airport Operations from a Carbon Emissions 
Perspective 

 

4 Aviation Operations 
 

Aviation traffic has increased dramatically over recent years, with passenger 

traffic growing at approximately 9% annually since the 1960s (Brouwer et al. 

2008). This level of activity has raised concerns over the impact of aviation on 

global climate, and the ability of aviation industry expansion to comply with 

policies that address climate change. Given the anticipated rise in contributions 

to GHG emissions from the aviation industry, there is a recognised need to 

control and offset the carbon that is emitted. 

 

Recent studies on carbon emissions have indicated significant contributions by 

the aviation industry to GHG emissions with significant implications for 

environmental sustainability. Tourism has been increasingly dependent on air 

transport and has contributed the largest proportion of growth in GHG 

emissions in the transport sector. Transport accounts for 24%-28% of all 

energy-related GHG emissions; where aviation accounts for about 3.4%-6.8% 

of all GHG emissions (Gossling et al. 2007). In 2015, aviation was reported to 

be contributing 12% of CO2 emissions in the transport sector (ATAG 2016a). 

Australia and Europe have already imposed low-carbon policies aimed at 

aviation companies in an effort to improve environmental credentials under 

Kyoto Protocol obligations (Department of Climate Change 2009). According to 

the World Resources Institute GHG protocol (2001), airport emissions could 

also be classified as per the Scope 1, 2 and 3 for better GHG management. 

This chapter has four sections with the first section focusing on Perth 

International Airport terminal design and operations in their contribution to GHG 

emissions. This section includes two detailed process flowcharts of a typical air 

passenger’s departure and arrival schedule at the airport. The second section 

identifies points of emissions at different ‘stages’ of the departure and arrival 

schedules, and discusses the methods that will be employed in the 

measurement of carbon emissions at these emissions points. The third section 
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discusses four different emission reduction strategies using the ACI carbon 

reduction strategies and their applications on identified points of emissions. 

 

 Airport Design and Architecture 
 
Common infrastructure and facilities in an airport include runways, aprons and 

taxiways, gates, ground service equipment storage sites, freight equipment 

storage sites, aerobridges, check-in facilities, government inspection areas, 

security gate lounges, baggage processing facilities and trolleys, freight 

information displays, washrooms, car parking and kerbside access, and 

restaurants and duty free retail shops. Airports in different countries vary in 

terminal building structure and design. Figure 4.1 provides a detailed process 

flowchart of a typical air passenger departing an airport to a destination country. 

The process flowchart is divided into five broad sections – outside the airport 

terminal, the check-in process, security check process, pre-departure lounge, 

and aircraft maintenance before departure and after arrival. The process 

flowchart is explained in detail in the following sections. The same process is 

reversed for the passenger’s arrival schedule at an international airport, and is 

shown in Figure 4.2. 

 

 Departure Process Flowchart of an Airport 
 
This section identifies the process flowchart of an average air passenger’s 

departure schedule at an international airport as shown in Figure 4.1. This 

process flow diagram is categorised into five broad categories.  
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Figure 4.1: Departure schedule at an airport 

Source: Figure reproduced from Lo et al. (2011) 
 

4.2.1 Outside the airport terminal 

Air passengers, airport personnel and airline crews arrive at the airport terminal 

by vehicles such as private cars, commercial vehicles (e.g. taxis, chartered mini 

vans, or coaches), and public transports (e.g. airport shuttles). They are 

dropped off at the designated ‘drop-off’ point at the terminal, where they make 
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their way into the departure hall for check-in procedures or to begin their work 

for the day. 

 

4.2.2 Check-in Process 

There are different queues for different passengers for the check-in procedures 

where the passengers join the appropriate lines. At check-in counters, 

passengers have their identities and passports screened by counter staff, and 

their boarding pass printed. Baggage is tagged and moved by conveyor belt off 

to the baggage handling department where screening and sorting takes place 

before it is loaded onto the aircraft (usually before passengers aboard the 

plane). After check-in procedures, air passengers can proceed to cafes and 

airport retail stores before proceeding through to immigration checks. 

 

4.2.3 Security Check Process 

At the immigration security check, air passengers have their passports and 

identities screened by immigration officers. Passengers then proceed to the 

next level of security of metal detectors and X-ray for carry-on baggage where 

they are screened for metal and dangerous substances in addition to liquid 

restrictions in the baggage as a result of terrorist activities in the recent years. 

 

4.2.4 Pre-Departure Lounge 

After the security check, passengers arrive at the pre-departure lounge where 

they prepare for aircraft boarding. There are cafes and duty-free shops as well 

as airline membership lounges in most pre-departure lounges for air 

passengers. 

 

4.2.5 Aircraft Maintenance before departure/after arrival 

There are many activities behind the scenes while passengers move through 

steps to boarding. These begin with handling baggage from check-in counters 

which ends up at baggage handling facilities where it is screened and sorted. 

Baggage that is deemed safe by immigration and quarantine officers is then 

loaded onto the appropriate aircraft, whilst those that do not pass the initial 
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security check are sent off for further investigation. This baggage will eventually 

be loaded onto appropriate aircraft once they pass security checks.  
 
Another behind-the-scene activity is aircraft maintenance, including aircraft 

housekeeping such as lavatory servicing, waste disposal, food catering, and 

refuelling of aircraft. These activities also emit harmful emissions through 

consumption of electricity and the use of equipment and vehicles in the process. 

These points of emissions are also identified in Figure 4.1. 

 

Another group of activities not visible to air passengers includes runway 

maintenance and air traffic control. These activities occur immediately before 

and after the take-off and landing of an aircraft. These tasks are not evident to 

the general public but entail a significant amount of carbon emission through 

usage of maintenance equipment and vehicles. 

 

 Arrival Process Flowchart of an Airport 
 
This section shows the process flowchart of a typical air passenger’s arrival 

schedule as shown in Figure 4.2. This process flow diagram is categorised into 

five broad categories. The arrival schedule is a reverse process of the departure 

schedule.   
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Figure 4.2: Arrival schedule at an airport 

Source: Figure reproduced from Lo et al. (2011) 
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 Identification of emission points in the travel schedule 
 

From the process flowcharts in Figures 4.1 and 4.2, this study has identified 

points of emission in the airport where carbon emissions may occur. This 

section presents a brief overview of airport operations and identifies the likely 

sources of emissions. 

 

This study defines emissions points as points where sources of harmful 

emissions are emitted during the normal operational activities at an airport. 

They represent the likely sources where emissions are present within an airport 

premises. It is necessary to identify emissions points as it allows for the 

development of more efficient and effective carbon mitigation strategies. The 

emissions points are identified based on the process flowcharts and 

observations at Perth International Airport. 

 

4.4.1 Emissions points “Outside the Airport” 

Staff, aircrews, air passengers and visitors arrive at the airport using both 

private and commercial vehicles for various purposes and activities. Some also 

arrive by airport designated shuttle services from long term parking sites as part 

of parking services. The harmful emissions from these vehicles are most 

apparent just outside the airport terminal drop-off and pick-up points.  

 

The automatic vehicle gantries used at a terminal like energy in their frequent 

opening and closing of gates. The emissions from the vehicle engine idling 

required to stop and start in the queue at these gantries is another source of 

emissions outside the airport terminal. 

 

Trolley terminals and short-term parking are also present as part of the airport 

facilities for air passengers and visitors. Trolley facilitators are employed to 

move unused trolleys left around the parking precinct to their designated 

locations. In addition, high fuel consumption vehicles are used to collect and 

return collected trolleys to the trolley return point. Parking facilitators are also 

present at the airport precinct to guide and regulate the order of commercial 
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and private vehicles at pick-up and drop-off points. Although this may appear 

to have a negligible contribution, the study determined it was worth 

investigating the carbon emissions at these points from the vehicle engine idling 

as drivers are required to keep their engines running. These points of emissions 

are likely to be substantial, and effective measures and management can be 

employed to reduce emissions if found to be high. 

 

The emissions from vehicles used for trolley collection can be measured by the 

duration and number of trips made by a vehicle, and based on the emission 

curves by the vehicle manufacturers. Alternatively, emission measurement 

sensors can be retrofitted to these vehicles to measure emissions.  

 

4.4.2 Emissions points at “check-in process” 

Check-in or counter staff are essential to an airport operation together with 

computers and equipment such as printers for baggage tags and baggage 

conveyor belts where luggage is transferred to sorting facilities. These form an 

essential yet labour-intensive process. Therefore, having an efficient staff work 

schedule is helpful. Identifying the source of emissions during this process can 

also allow inefficient equipment and machines to be replaced and/or substituted 

with more efficient products, especially during the machine idle periods where 

lesser energy is consumed. Though these may appear negligible, these 

emissions can account for a large quantity of electricity consumed in daily 

operations at an airport terminal. 

 

4.4.3 Emissions points at “security check process” 

The security equipment such as metal detector gates and baggage X-ray 

machines are possible sources of harmful emissions. It is worth investigating 

these points of emissions although it is acknowledged this equipment is 

essential for security purposes. Electricity consumption data available from the 

airport can be used to estimate emissions of this equipment. 
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4.4.4 Emissions points at “pre-departure lounge” 

Other emission points occur at operations of daily activities from airport tenants 

and airport facilities provided for visitors to the airport. These include 

infrastructure at the airport such as boiler and space heating and cooling plants, 

emergency generators, waste handling areas, and wastepaper treatment 

plants, electricity and food packaging materials used by retail businesses at the 

airport such as car rental companies, baggage wrapping services, mobile 

phones operators, cafes and shops. The emissions from the consumption of 

electricity, and the logistics of handling supplies for these tenants should be 

considered in the measurement of emissions through the investigation of the 

airport monthly electricity consumption data.  

 

4.4.5 Emissions points at “Aircraft Maintenance” 
Emissions are present once the aircraft arrives at the airport vicinity. Aircraft 

are equipped with main engines, used to propel the aircraft and other APUs 

that provide electrical power when the aircraft is taxiing or parked at the gate 

(Australian Government 2008). APUs are the source of air and AC power 

supply to the aircraft during start-up, taxiing, turnarounds, or even in the event 

of engine failure (Boeing Company 1999). These units are remotely powered 

when the aircraft lands and provided with onsite power. The following 

paragraphs discuss the various sources of emissions with aircraft maintenance. 

 

Landing-Take-Off (LTO) cycle 
 

The Landing-Take-Off (LTO) cycle is generally categorised into four standard 

modes for aircraft engine emission quantification purposes, namely the 

approach mode, taxi-idle mode (which consist of taxi/idle-in and taxi/idle-out), 

take-off mode and climb out mode (Australian Government 2008).  

 

One aircraft LTO is equivalent to two aircraft operations (one landing and one 

take-off). The standard LTO cycle begins when the aircraft crosses into the 

mixing zone (3,000 feet above ground) where it approaches the airport on its 

descent from cruising altitude, lands, and taxis to the gate (Australian 
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Government 2008). The cycle continues as the aircraft taxis back out to the 

runway for take-off and climb out as it heads out of the mixing zone and back 

up to cruising altitude. Please refer to Figure 4.3 for an abstract on a schematic 

of the LTO cycle. Cruising that occurs above 3,000 feet is not included in the 

LTO cycle (Australian Government 2008). Most aircraft go through this 

sequence during a complete standard operating cycle. All these activities are 

sources of carbon emissions at the airport.  

 

 
Figure 4.3: Schematic of the LTO cycle 

Source: Figure reproduced from Norton (2014, 11) 
 
 
Ground Support Equipment (GSE) 
 

Aircraft are supported by ground support equipment (GSE) upon arrival at the 

gate for unloading of baggage and assisting passengers to disembark from the 

aircraft. GSE at airports are used to support an aircraft during the landing and 

take-off cycle, including taxiing. This equipment is used to service the aircrafts 

whilst on the ground and between flights. Its functions generally involve ground 

power operations, aircraft mobility, and loading and unloading of both cargo 

and passengers. GSE also includes equipment such as snow removal 

equipment and airport fleet vehicles. 
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Mobile generators and air conditioning units may be in use at some airports to 

provide electricity and air-conditioned air to the aircraft when parked at the gate. 

Cargo tractors and loaders as well as hydrant trucks are required for the 

refueling process. Upon departure from a gate, a tug may be used to tow (or 

push) the aircraft from the gate to the taxiway before taking off. Stationary 

sources at the airport include, but are not limited to central utility plant, 

maintenance buildings, satellite thermal plants, old terminal building, and 

international terminal plant (Philadelphia International Airport 2013). 
 
Parking facilities and roadways within specific radius (GAV) 
 

Parking facilities and roadways in the vicinity of the airport within a specific 

radius as stipulated in the local reporting standards are included in the reporting 

of carbon emissions inventory at an airport (ACRP 2009). This means that the 

carbon emissions from ground access vehicles within the airport vicinity add to 

the airport carbon footprint. 

 

Mandatory Fire drills 

 

Other scheduled activities such as emergency training add to the carbon 

footprint of an airport. Emergency response staff must train regularly to be 

ready for any emergency that may arise at the airport. As part of their training, 

propane fires are set and extinguished by staff (Philadelphia International 

Airport 2013).   

 

For example, under the Air Service Act 1995, Air services Australia is 

responsible for the provision of Aviation Rescue and Fire Fighting (ARFF) 

services at 19 major domestic and international airports in Australia (Australian 

Government 2008). Therefore, the ARFF are required to undertake regular fire 

rescue activities which provide another point of emissions in the airport 

operations. 
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Construction activities 
 
Maintenance works at airport terminals is another source of emissions. These 

activities include construction of new buildings, reparation of old buildings, as 

well as maintenance works on existing facilities at the airport terminal and in 

the vicinity of the airport (e.g. maintenance work on the runways, etc.).  

 

 Measurement of carbon emissions in the travel schedule 
 

The Emissions and Dispersion Modelling System (EDMS) will be used for the 

measurement of the carbon emissions in this research. EDMS is a combined 

emissions and dispersion model developed by the FAA in cooperation with the 

United States Air Force (USAF) in the mid-1980s (Ricondo & Associates Inc. 

2005). � 

 

The primary applications of the model are the generation of an inventory of 

emissions caused by sources on and around an airport or air base, and also a 

calculation of pollutant concentrations in the surrounding environment (Ricondo 

& Associates Inc 2005). The output of the model includes system data tables 

which show emission factors for civilian and military aircraft, civilian ground 

support equipment, and civilian motor vehicles. 

 

 ACI carbon emissions reduction strategies 
 

The process of emission reduction begins once emissions points are identified. 

Various emissions reduction strategies will be discussed in this section. The 

ACI guidance manual on airport greenhouse gas emission management 

(AGGEM) outlines four different strategies for carbon emissions reduction: 

regulatory, technical, operational and economic (2008). A more recent updated 

version was published by ACI in 2011 could be referred for further information 

on embodied emissions from airport buildings, and emissions leakage during 

construction. The details of these strategies as they are applied to the five broad 
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categories described in the process flowcharts are elaborated in the following 

sections: 

 

• Outside the airport: Technical, Operational and Economic � 

• Check-in process: Operational and Economic � 

• Security check process: Operational and Economic � 

• Pre-departure lounge: Operational and Economic � 

• Aircraft maintenance: Regulatory, Technical, Operational and Economic 

 

Regulatory 
 

Regulatory measures apply to the emission sources on the operations, such as 

main engine standards, APU standards, APU restrictions, etc. 

 

Technical 
 

Technical measures are applied to reduce emissions by implementing technical 

solutions, such as the introduction of filter traps, catalytic converters, ground 

power support systems, etc. 

 

Operational 
 

Operational measures of reducing emissions are through reducing fuel 

consumption, creating a more efficient operating time timetable, or procedures 

that include air traffic management, aircraft maintenance, etc. 

 

Economic 
 

Economic or market-based measures focus on the creation of economic 

incentives by substitution of activities or replacement of equipment with lower 

emissions in the operations. 
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 Carbon emission reduction strategies in the travel schedule 
 

The carbon emission reduction strategies based on the ACI guidance manual 

on AGGEM to control emissions at identified emissions points are described in 

detail in the following sections.  

4.7.1 Carbon emission reduction strategies for “Outside the Airport” 

Emission Source: Smoking outside the airport 
 

Although yellow markings are specially drawn to direct people from smoking 

directly outside entrances, there is no actual designated smoking area for 

visitors. The areas usually available to smokers are near the entrances.  

 

Economic – To reduce the impact on energy loss due to heating and/or cooling 

from frequent opening and closing of automatic entry doors to allow smokers 

and airport users to ingress and egress, it would be advisable to have double-

glazed doors for more efficient climate control at the airport terminal, which in 

turn reduce the energy required to heat and/or cool the buildings. 

 

Economic – A designated smoking area for airport visitors should be set up at 

least 5 metres away from building entrances and 10 metres away from air 

conditioning vents (Government of Western Australia 2008). Although this 

smoke free bans only apply to government buildings in Australia, airports 

should consider adopting the smoke free policy of WA. Air filters and/or an 

exhaust ventilation systems can be provided at the designated smoking area to 

allow efficiency of the dispersion of harmful emissions. 

 

Technical – Smoke free signs can be placed near entrances as a 

communication mean of conveying the smoke free regulation within 5 metres 

of the entrance, and ensure smoking at designated smoking areas. 
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Emission Source: GAV in the airport vicinity 
 

Staff, aircrews, airport contractors, air passengers, and airport visitors arrive at 

the airport via different modes of transport. 

 

Operational – To measure emissions from vehicles, an Automated Vehicle 

Identification Technology (AVIT) system can be deployed (Paternain and 

Leroux 2011). This system registers cars that enter the airport’s long-term and 

short-term parking. Based on the vehicle registration details, the make and 

model of the car can be determined and the emission curves published by the 

respective automobile manufacturers can be used to predict emissions. This 

information could contribute to a more accurate airport’s carbon emission 

inventory. 

 

Economic – Airline companies can provide emission efficient transportations 

for their staff as part of staff incentives. This can be done by providing shuttle 

services at major train and bus stations. This would reduce personal vehicle 

utilisation and achieve lower carbon emissions per person. 

 

Operational – Airports can consider having a staff ‘hotel’ for employees to rest 

and stay comfortably in between short shifts to reduce the need for 

transportation to and from the airport. 

 

Emission Source: Luggage trolley collection 
 

Unused luggage trolleys for air passengers are left discarded randomly in the 

parking space and require trolley service personnel to collect them to ensure 

safety and order. 

 

Operational – High powered vehicles (usually high fuel consumption) are used 

to collect trolleys with resulting high loads of carbon emitted per collection trip 

made. More efficient hybrid vehicles should be considered for the task to reduce 

carbon emissions. 
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4.7.2 Carbon emission reduction strategies for “Check-in process” 

Emission Source: Customised baggage tags 
 

Baggage tags are essential in the process of air travel. A large amount of 

customised baggage tags is printed daily for checked-in baggage, and this is 

wasting raw materials used and electricity consumed in operating printers. 

 

Economic – Airport operators and airline companies can consider using 

recycled papers for baggage tags and/or rewritable Radio Frequency 

Identification (RFID) tags to reduce wastage and emissions from electricity 

consumed in operating these equipment. 

 

4.7.3 Carbon emission reduction strategies for “Security check process” 

Emission Source: Security equipment used for security checks 
 

Many types of security equipment and machines are used at the airport to 

ensure airline and airport safety. 

 

Economic – Investigate the energy consumption level of these security 

equipment and substitute for better energy-efficient equipment which does not 

sacrifice the high security standards required.  

 

Operational – This may include sensor triggered conveyor belts to reduce 

continuous energy consumption during non-peak period. 

 

4.7.4 Carbon emission reduction strategies for “Pre-departure lounge” 

Emission Source: Electrical lighting in public facilities 
 

Electrical lighting in public facilities such washrooms, escalators, and elevators 

are continuously turned on. 
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Operational – Motion detection sensors can be used for lights and air ventilation 

systems to allow efficiency in energy consumption during airport idle period. 

Skylight structures can be constructed for natural lighting at selected locations. 

 

Emission Source: Disposable, non-recyclable polystyrene materials 
 

Airport tenants are using disposable, non-recyclable packaging materials, 

polystyrene containers, and plastic utensils. 

 

Economic – Airports can implement minimum standards for the usage of 

recyclable materials for packaging and serving for airport retailers. Incentives 

can also be offered to tenants who use eco-friendly recyclable or reusable 

substitutes. 

 

4.7.5 Carbon emission reduction strategies for “aircraft maintenance” 

Emission Source: Aircraft maintenance equipment 
 

APUs, GSEs, and all other maintenance equipment, machines, and vehicles 

are used in the process of aircraft maintenance.  

 

Operational and Economic – APUs, GSEs, and all aircraft maintenance service 

vehicles, machines and equipment should be reviewed for energy and 

emissions efficiency.  

 

 Concluding Remarks 
 

This chapter has outlined the departure and arrival schedule of a typical air 

passengers in two separate process flow diagrams. The flow diagrams 

demonstrate not only the paths of air passengers, but also those of airport 

visitors, airport personnel, and airline crews. The points of emissions at various 

processes have been identified, and emission reduction strategies have been 

suggested for carbon emissions mitigation. The EDMS method is employed in 
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the emission inventory process, and various emission reduction strategies 

modelling the ACI guidance manual on AGGEM have also been outlined to aid 

in carbon mitigation effort in airport terminal management, as well as presenting 

a new research direction for researchers in this area.   
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Chapter 5: Quantitative Survey 
 

5 Sustainable Practices at Airports Survey 
 

This chapter presents the design and the methodology of the survey used for 

assessment on sustainability practices implemented at international airports 

aimed at airport managers. 

 

 Survey Purpose 
 

The quantitative survey was designed to collect information on sustainability 

practices implemented at international airports. The information from this 

survey will be used to provide insights into those issues currently influencing 

sustainability performance at international airports. The result of this survey will 

provide insight into likely scenarios for adaptation to climate change in the 

aviation sector. The information collected from this survey will be kept entirely 

confidential and respondent details will not be disclosed at any times.  

 

The survey aimed to assess different aspects of sustainability at airports based 

on the Triple Bottom Line framework – in particular the environmental, as 

achievement in environmental sustainability will eventually bring on economic 

and social sustainability performances. It will be based on the Bruntland 

Commission’s definition of sustainable development, which views sustainability 

as “development that meets the needs of the present without compromising the 

ability of the future generations to meet their own needs” (UNECE 2010). 

  

This survey also identified airport policies and regulations, and drivers and 

barriers to sustainability initiatives at airports, as well as stakeholder concerns. 

The main objective of this research survey as stipulated in Research Objective 

3, was to review international airports sustainability practices in a survey with 

airport managers. The purpose of this survey aimed to contribute to sustainable 

air travel in the face of climate change. The outcome of the result finding aimed 

to improve the sustainability options for adaptation through supportive planning 
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and policy, and creation of more efficient airport terminals to mitigate carbon 

emissions resulted from air travel and airport terminal operations. This 

accomplishment will be in line with this study’s Research Objective 5, that is to 

provide recommendations regarding best practices in sustainability 

management in airport operations. 

 

This survey is an extension of the survey, Airport Sustainability Practices 

survey carried out by the International Transportation Research Board (TRB) 

as part of their airport cooperative research program. 

 

 Survey Design 
 

Figure 5.1 illustrates the flow of the survey design. The survey was conducted 

using the nomenclature created in the TRB survey to describe the key issues 

assessed in this survey. 

 

 
 

Figure 5.1: Survey Design Flowchart 
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 Survey Distribution Approach 
 

This survey is a web-based survey where an anonymous link will be emailed to 

respondents who consented. The respondents are pre-selected based on their 

job positions and/or job scopes at the airport. The sample population holds 

various job positions with similar job scopes that involves sustainability 

management at airports. The job positions held by respondents in the sample 

population ranged from airport manager, environment manager, sustainability 

manager, environment consultant, environment advisor, associate director 

(sustainability), and Acting Environment and Sustainability Manager; as per the 

declarations from respondents. All respondents hold a tertiary degree in various 

fields, ranging from a Bachelor degree in Business Management, to a post 

graduate studies in Environmental Management.  

 

Potential respondents who have shown interest after initial consultation on 

survey purpose and objectives will be emailed an anonymous survey link for 

participation. 

 

All respondents will be presented with a consent form as shown in Appendix 1 

at the start of the survey. The survey (as shown in Appendix 2) follows once 

the consent form was acknowledged and accepted by the respondent.  

 

 Survey Data Collection 
 

Data collected via this survey include both statistical and written information 

from the sample population. The information gathered from the sample 

population was analysed quantitatively and qualitatively accordingly using 

appropriate statistical software (such as SPSS), and cross reference analyses 

with information from literature reviews.   
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 Survey Data Analysis 
 

The data collected from respondents was analysed using a combination of both 

analytical software (i.e. SPSS software) and manual cross-referencing 

analysis. SPSS software was used to analyse the statistical data gathered from 

the survey. 

 

Qualitative data collected from respondents was studied and a comparative 

analysis was conducted against the research issues and objectives (i.e. 

research objectives 2, 3, 4 and 5) of this study. The analysis of the survey result 

is described in Chapter 6. The structure of the result analysis is presented 

according to the arrangement of the questions in the survey. 
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Chapter 6 Survey Results 
 

6 Survey Result Analysis 
 

This chapter presents the discussions and evaluations of the findings from this 

research’s, Sustainable Practices at Airports survey. 

 

Small sample size is still a problem in GRI (2009), and the TRB (2008) surveys. 

On this basis, I also present all results regardless of the small number of 

responses.  

 

 Sample Population 
 

The survey was distributed to a total of 48 potential respondents across 

different countries as listed in Table 6.1. The response rate to the survey was 

36% which was 17 responses as compared to 48% (i.e. 25 responses) 

achieved in the TRB survey.  

 

Potential respondents were contacted through several means such as phone 

calls, Voice over Internet Protocol (VoIP) calls (i.e. Skype), emails, and 

LinkedIn messaging services. Despite prior verbal consent from potential 

respondents, the final response rate was lower than expected.  

 

The low response rate was due to a number of factors Firstly, the low response 

rate can be attributed to the high staff turnover in the industry. Airport managers 

in charge of sustainability issues at airport terminals tend to rotate between 

airports on a project basis and were often very hard to get hold of by phone and 

or email. Secondly, factors such as time and resource constraints faced by 

airport managers, also potentially contributed to the lack of participation. This 

feedback was provided by a number of potential respondents who failed to 

participate despite initial agreement. 
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A common resource constraint faced by airport managers is a lack of staff, with 

managers reported to commonly working in small teams of no more than five 

staff. A number of respondents in the survey also stated a lack of support from 

management and a lack of resources (time and staff) in engaging in an 

academic research survey. This lack of resources faced by airport managers 

was probably the key contributing factor to the low response rates of this study’s 

survey. 

 

Of the 17 responses received for the research, only 11 out of the 17 were fully 

completed. The remaining 6 responses were incomplete with some questions 

left unanswered.  

 

All responses collected are considered in the analysis of this study’s survey, 

regardless of whether they were fully completed. The analysis of the result 

finding is presented under headings on the various areas of focus as shown in 

Figure 5.1 in Chapter 5. Whilst the results are not statistically significant, they 

are a reflection of the results’ findings in sustainability management at airports 

currently. 

 

Table 6.1: Potential Respondents’ Airports 

Potential Airports 
USA – New 
York 

UK – London 
Heathrow 

Thailand – 
Bangkok 

China – 
Hongkong 

AUS – 
Queensland 

USA – 
California 

UK – 
Manchester 

Thailand – 
Phuket 

China – 
Shanghai 

AUS – Perth 

USA - Chicago Spain – Madrid Singapore  China – Beijing AUS – Sydney 
USA – Las 
Vegas 

Spain – 
Barcelona 

Taiwan – Taipei Tibet – Lhasa AUS – 
Melbourne 

USA – San 
Francisco 

Switzerland – 
Geneva 

Taiwan – 
Kaoshiong 

South Korea – 
Seoul 

AUS – Cairns 

Canada – 
Toronto 

Switzerland – 
Zurich 

Malaysia – 
Kuala Lumpur 

Chile –  
Santiago 

AUS – Adelaide 

India – Mumbai Amderstam - 
Schipol 

Malaysia – 
Penang 

Japan – Tokyo 
 

AUS – Brisbane 

India – New 
Delhi 

Sweden – 
Stockholm 

France – 
Marseilles 

Japan – Osaka AUS – Avalon 

India – 
Bangalore 

Egypt – Cairo France – Paris New Zealand – 
Christchurch 

 

Peru – Iberia Denmark – 
Bilund 

Germany – 
Munich 

New Zealand – 
Auckland 
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Table 6.1 shows the list of selected airports contacted and invited to participate 

through anonymous survey links. Due to confidentiality issues, the specific 

airport location of the respondents will not be disclosed, but rather the main 

findings based on the different regions are indicated.  

 

Table 6.2: Airports in the sample population 

Country Region Number of 
airports 

North America 4 
Asia 2 
Oceania 5 
Europe 1 
Middle East 1 

 

Figure 6.1 illustrates the geographical distribution of respondents in a pie chart. 

Table 6.2 features the number of airports from each region in the sample 

population. There was a total of five airports in the Oceania, four airports in 

North America, two from Asia, and one each in Europe and Middle East. The 

result only included those surveys that stated the origins and airports. Those 

respondents who did not state the airports and country of origins are not 

included in the result. 

 

 

Figure 6.1: Geographic location of respondents by regions 
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 Survey Findings 
 

The format of presentation for the survey results findings follows the survey 

questions structure. The questions under each area of focus will be discussed 

under the same heading. 

 

6.2.1 General Airport Information 

General airport information consisted of three questions (i.e. questions 1, 2, 

and 3) that asked for the airport size, the annual number of passengers served 

at the airport, and the number of tenants at the terminal. 

  

Airport Size 
 

Question 1 asked for the size of the airport that the respondent represented.  

Figure 6.2 shows the results from 11 respondents. Most of the respondents (9 

of 11) worked at an airport terminal with land area between 10 to 30 km2. One 

respondent did not know the airport size, and another reported a larger airport 

terminal with a land area of more than 40 km2. 

 

 

Figure 6.2: Airport size of respondents (Question 1) 
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Annual number of passengers served at airports 
 

Question 2 asked for the annual number of passengers served by the airports. 

Of the 17 respondents, 10 airports responded with an answer, while the other 

7 were not sure. Figure 6.3 shows the results of those 10 airports who have 

responded. 

 

 
Figure 6.3: Annual number of passengers at respondents’ airports (Question 

2) 
 

Of the 10 airports, six airports served more than 20 million passengers, one 

airport served between 15 to 20 million passengers, two airports served 

between 10 to 15 million passengers, and another one airport served between 

5 to 10 million passengers annually.  

 

Those airports that serve more than 20 million passengers annually reported 

the figure to be between 32–36 million passengers. 

 

Number of tenants at the airport 
 

Question 3 asked respondents about the number of tenants at their airports. 

Only 11 respondents responded to this question. One airport reported having 

11 to 20 tenants at the airport, with two other respondents reported 31 to 40 

tenants. Another five airports reported their airports to have more than 100 

tenants, while the remaining three airports did not know the number of tenants 

at their terminals. 
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6.2.2 Drivers, Priorities, and Barriers to Sustainability Practices 
This area of the survey focussed on drivers, priorities, and barriers to 

sustainability initiatives at airports. There were three questions in this section 

(i.e. questions 4, 5, and 6). 

 

Drivers to current existing sustainability initiatives at airports 
 

Question 4 asked respondents to rank the top 5 drivers for current existing 

sustainability initiatives at the airport from a given list of sustainability initiatives 

as shown in Table 6.3. 

 

Table 6.3: Listed choices on drivers to sustainability initiatives at airports in 
the survey (Question 4) 

Listed choices of drivers to sustainability initiatives at airports 
National legislations and regulations� Global trends (i.e. climate change)  
International legislations and regulations  Government/Economic incentives (i.e. 

rebates) 
State legislations and regulations  Community satisfaction 
Airport policies Corporate responsibility 

 

All eight choices were selected by respondents at different priorities as seen 

from Table 6.4.  

 

Table 6.4: Drivers to current existing sustainability initiatives by respondents 
(Question 4) 

Drivers to current existing sustainability initiatives 

 
Top 
Driver 

2nd 
Driver 

3rd 
Driver 

4th 
Driver 

5th 
Driver Total 

National legislations and 
regulations� 3 1 1 0 0 5 

International legislations and 
regulations  1 1 0 0 0 2 

State legislations and regulations  1 1 0 0 0 2 
Airport policies 1 2 0 4 2 9 
Global trends (ie. climate change)  0 3 2 1 2 8 
Government / Economic 
incentives (ie. rebates) 0 0 1 0 1 2 

Community satisfaction 1 1 4 3 2 11 
Corporate responsibility 3 0 2 3 2 10 
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The two most popular choices as the top driver to current existing sustainability 

initiatives at airports were national legislations and regulations and corporate 

responsibility. The two most popular choices as second driver were airport 

policies and global trends. Community satisfaction was what most respondents 

selected as the third driver to the current sustainability initiatives at the airport. 

Listed choices including airport policies, community satisfaction, and corporate 

responsibility were popular as the fourth driver, whilst all others were almost 

equally the common choice as the fifth driver. The result findings have been 

summarised into Table 6.5 for easier reference.  

 

Table 6.5: Top 3 drivers to current existing sustainability initiatives at airports 
(Question 4) 

Rank Drivers to current existing sustainability initiatives 
Top Driver National legislations and regulations Corporate responsibility 
2nd Driver Airport policies Global trends (ie. climate change) 
3rd Driver Community satisfaction - 

 

My review of the results revealed the top three factors driving current existing 

sustainability initiatives at the respondents’ airports. Figure 6.4 presents the top 

three common drivers to current sustainability initiatives at airports. The 

percentage next to each factor represents the number of times that the factor 

was selected by the sample population at any time regardless of the order of 

priority.  

 

 
Figure 6.4: Top 3 common drivers to current existing sustainability initiatives 

at airports (Question 4) 
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Community satisfaction, corporate responsibility, and airport policies were 

identified as the top three factors driving the current existing sustainability 

initiatives by respondents respectively. Other factors such as global trends, 

national/international/state legislations and regulations, as well as 

government/economic support (i.e. incentives) followed closely behind. 

 

Barriers to current existing sustainability initiatives at airports 
 

Question 5 was an open-ended question with no list of choices provided to 

respondents. This question asked respondents to list and rank the top three 

barriers to current existing sustainability initiatives at airports. Table 6.6 shows 

the common factors reported by respondents as barriers to current existing 

sustainability initiatives at airports. The barriers included budget constraints, 

time constraints, a lack of support from management, a lack of support from 

tenants, a lack of awareness and engagement from staff, a lack of resources, 

changing regulatory environment, and no existing sustainability plan in place. 

A lack of resources refers to the lack of budget, time, equipment, personnel, 

expertise, etc. 

 

Table 6.6: Factors identified by respondents as barriers to current existing 
sustainability initiatives at airports (Question 5) 

Barriers to current sustainability initiatives at airports 
Budget constraints Lack of awareness and engagement 
Time constraints Lack of resources 
Lack of support from management Changing regulatory environment 
Lack of support from tenants No existing plan 

 

Table 6.7 shows the results for Question 5. The two most popular choices as 

the top barrier to current existing sustainability initiatives at airports are a lack 

of support from management and a lack of resources. The two most popular 

choices as the second barrier are budget constraints and a lack of awareness 

and engagement. Budgetary constraint, a lack of resources, and a lack of 

awareness and engagement, were selected by most respondents as the third 

barrier to the current sustainability initiatives at airports. The result findings 

have been summarised into Table 6.8 for easier reference. 
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Table 6.7: Barriers to current existing sustainability initiatives at airports 
(Question 5) 

Barriers to current existing sustainability initiatives 

 
Top 
Barrier 

2nd 
Barrier 

3rd 
Barrier Total 

Budget constraints 0 4 3 7 
Time constraints 1 1 1 3 
Lack of support from management 3 1 0 4 
Lack of support from tenants 1 0 0 1 
Lack of awareness and engagement 1 3 3 7 
Lack of resources 2 1 3 6 
Changing regulatory environment 1 0 0 1 
No existing plan 1 0 0 1 

 

Table 6.8: Top 3 barriers to current existing sustainability initiatives at airports 
(Question 5) 

Rank Barriers to current existing sustainability initiatives 
Top Barrier Lack of support from management Lack of resources 
2nd Barrier Budget constraints Lack of awareness and engagement 
3rd Barrier Budget constraints Lack of awareness and engagement 

Lack of resources - 
 

An analysis on the relative frequency of the result reveals the top three barriers 

to current existing sustainability initiatives at airports. Budget constraints, a lack 

of awareness and engagement, and a lack of resources are the top contributing 

factors that hinder current sustainability initiatives at airport. Figure 6.5 shows 

all the factors that hinder further sustainability initiatives at airports and 

highlights the top three barriers identified by respondents.  

 

 
 
Figure 6.5: Top 3 common barriers to current existing sustainability initiatives 

at airports (Question 5) 
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Barriers to future sustainability initiatives at airports 
 

Question 6 is also an open-ended question that asked respondents to list and 

rank the top three barriers to future sustainability initiatives at airports. Table 

6.9 presents the full statistical result of the question. 

 

Table 6.9: Barriers to future sustainability initiatives at airports (Question 6) 

Barriers to future sustainability initiatives 

 
Top 
Barrier 

2nd 
Barrier 

3rd 
Barrier Total 

Budget constraints 1 2 3 6 
Time constraints 1 2 0 3 
Lack of support from management 3 2 2 7 
Lack of support from tenants 1 0 0 1 
Lack of awareness and engagement 4 3 2 9 
Lack of resources 0 1 3 4 
Changing regulatory environment 0 1 0 1 

 

The two most popular factors identified as the top barrier to future sustainability 

initiatives at airports are a lack of support from management, and a lack of 

awareness and engagement at airports. The factor chosen most number of 

times as the second barrier was a lack of awareness and engagement. 

Budgetary constraints and a lack of resources were common choices for the 

third barrier to future sustainability initiatives at airports. The result findings 

have been summarised into Table 6.10 for easier reference.  

 

Table 6.10: Top 3 barriers to future sustainability initiatives at airports 
(Question 6) 

Rank Barriers to future sustainability initiatives 
Top Barrier Lack of support from management Lack of awareness and 

engagement 
2nd Barrier Lack of awareness and engagement - 
3rd Barrier Budget constraints Lack of resources 

 

An analysis on the relative frequency of the result reveals the top three factors 

hindering future sustainability initiatives at respondents’ airports. Figure 6.6 

illustrates all the factors that hinder future sustainability initiatives at airports 
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and highlights the three top barriers chosen by respondents to future 

sustainability initiatives at airports.  

The three factors identified by respondents as barriers to future sustainability 

initiatives at airports were a lack of awareness and engagement, a lack of 

support from management, and budget constraints respectively.  

 

Figure 6.6: Top 3 common barriers to future sustainability initiatives   
(Question 6) 

 
Barriers to current and future sustainability initiatives at airports 
 

Further analysis of the result on factors that hinder both current and future 

sustainability initiatives at airports as shown in Table 6.11 which reveals that a 

lack of awareness and engagement from all stakeholders of the airport 

contributed most to the stagnation of both current and future sustainability 

management practices. Budget constraints was another significant factor that 

hindered the progress of sustainability efforts at airports. In addition to these 

two factors, a lack of support from management and resources further 

complicate the situation. 
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Table 6.11: Barriers to current and future sustainability initiatives at airports 
Barriers to CURRENT existing 
sustainability initiatives at airports 

Barriers to FUTURE existing 
sustainability initiatives at airports 

Lack of awareness and 
engagement 23% Lack of awareness and 

engagement 29% 

Budget constraints 23% Lack of support from 
management 23% 

Lack of resources (i.e. budget, 
time, equipment, personnel, 
expertise, etc.) 

20% Budget constraints 19% 

 

From these analyses, it can be inferred that a lack of awareness had indeed 

caused the slowdown in the progress of sustainability at airports. With a lack of 

awareness and engagement from stakeholders of the airport, the consequence 

is a lack of budget and all other kinds of resources and support required from 

decision makers (such as the airport management and policy-makers) to further 

sustainability effort in airport operations. 

 

6.2.3 Policies and reporting standards 
In this section of the survey under policies and standards, Question 7 asked 

respondents about the provision of staff training on sustainable airport practices 

across the different areas of focus: water and nature, carbon (international), 

carbon (state), and noise and waste, as illustrated in Table 6.12. 

 

Table 6.12: Areas of focus on staff training on aviation sustainability at 
airports (Question 7) 

Areas of focus on staff training 
Water management & 
Biodiversity conservation 

Environmental and biodiversity protection and conservation 
of natural resources 

Carbon emissions 
(National) National regulations and legislation on carbon emissions 
Carbon emissions 
(International) 

International regulations and legislation on carbon 
emissions 

Noise & Waste 
management Noise pollution and waste control 

 

Environmental and biodiversity protection and conservation of natural 
resources 
 

It was found that six out of 10 airports offered staff training in the area of 

environmental and biodiversity protection and conservation of natural 
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resources at their airports. Another three airports could offer staff training in this 

area but had not in place a formal program, and one airport did not consider 

this area to be an area of focus large enough to develop a staff training program 

in their sustainability effort in airport management. 

One of the three airports who could offer training but did not do so currently, 

reported that environmental issues were “mentioned in staff induction 

programs” but no specific training was reported. 

 

The one airport who found it inapplicable had reported a lack of biodiversity and 

natural resources around the airport vicinity, which in turn led to the 

inapplicability of staff training on environmental and biodiversity protection and 

conservation of natural resources.  

 

National regulations and legislation on carbon emissions 

 

Five of the 10 airports had offered staff training on national regulations and 

legislation on carbon emissions. 4 airports did not currently offer training, and 

1 airport found it not applicable.  

 

All five airports who had reported implementing formal staff training in this area 

were also engaged in voluntary and/or mandatory reporting on sustainability 

performance at their airports. 

 

However, those four airports who did not offer formal staff training in this area 

were also engaged in voluntary and/or mandatory reporting on sustainability 

performance at their airports. Two of the four airports undertook voluntary 

reporting while another two had to fulfil annual mandatory state reporting on 

sustainability performances at their airports. Of the two airports who had 

obligatory responsibility for mandatory state reporting, one mentioned that 

issues surrounding this area were managed informally amongst environmental 

staff.  

 

The one airport who found it not applicable to provide formal staff training in 

this area stated that the airport was receiving assistance in this area of 
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sustainability from their local government. Hence, airport staff were not directly 

responsible in this area for the reporting, which perhaps explains for the lack of 

formal staff training in this area. 

 

International regulations and legislation on carbon emissions 

 

Seven of the 10 airports reported having no formal staff training in the area of 

international regulations and legislation on carbon emissions. These seven 

airports came from across the world, suggesting that there is no lack of training 

in this area to the geographic location of the airport. 

 

Further analysis shows that there is a correlation on training in this area with 

the obligation on international reporting on sustainability performance. The 

seven airports in this set are undertaking voluntary and/or mandatory reporting 

on sustainability performance at their airports, all of which are only local to the 

state regulations and legislation the airport is located.  This was the main 

reason for the exclusion of international regulations and legislation on carbon 

emissions in the implemented staff training at these airports. 

 

Another two out of 10 airports reported to have provided formal staff training in 

this area. However, the training in this area was only dedicated to those directly 

involved, and not to general staff. The remaining one airport reported this area 

of focus to be inapplicable at their airport. 

 

Noise pollution and waste control 

 

The provision of formal staff training in the area of noise pollution and waste 

control was the highest reported in the sample population, with nine of the 10 

airports noting it worthy for inclusion in staff training at their airports. This 

training covered issues surrounding noise and waste management. 

 

The single airport that did not offer training in this area, also did not include 

noise and waste sustainability performance in their obligatory reporting. This 

explained for the exclusion in this area on staff training. 
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Table 6.13 details the results to Question 7. Further analysis found that the area 

on noise pollution and waste control was the area most commonly included in 

formal staff training at airports in the sample population, followed by 

environmental and biodiversity protection and conservation of natural 

resources in the airport vicinity, then the area on national regulations and 

legislation on carbon emissions. Interestingly, all respondents have reported 

staff training in at least one of the four areas specified. 

 

Table 6.13: Sustainability issues at airports included in formal staff training 
(Question 7) 

 

Environmental 
and biodiversity 
protection and 
conservation of 

natural resources 

National 
regulations and 
legislation on 

carbon 
emissions 

International 
regulations and 
legislation on 

carbon 
emissions 

Noise 
pollution 

and waste 
control 

Yes 60% 50% 20% 90% 
No 30% 40% 70% 10% 
Not Applicable 10% 10% 10% 0% 

 

6.2.4 Environmental reporting standards 
Question 8 asked respondents to state the environmental reporting standards 

used to monitor sustainability performance at their airports. The areas that were 

most frequently reported on by all respondents were identified to be carbon 

emissions, water, waste, and energy efficiency. The responses are presented 

in Table 6.14, which details the voluntary and mandatory sustainability 

performance reporting standards used by airports in the sample population. To 

protect the anonymity of the respondents, the geographic location of airports 

will not be noted. 

 

Further study on the reported measurement reporting standards suggests that 

all respondents have in place carbon emissions and building energy efficiency 

reporting standards.  

 

Almost all of the respondents (i.e. 9 of the 10 airports) reported including some 

forms of noise management in the reporting. More detailed information on the 

sustainability efforts at airports in different areas can be seen in the following 
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sections, where respondents provided descriptions of the measures they have 

undertaken to mitigate climate change. 

 

Table 6.14: Voluntary and mandatory reporting standards utilised at airports 
(Question 8) 

Measurement reporting standards No. of 
Airports 

More common reporting standards used by airports  
Global Reporting Initiative (GRI) 4 
Reporting standards certified to  
ISO 14001 (environmental reporting systems) 
ISO 14064  
ISO 14065 

3 

Less common reporting standards used by airports  
National Greenhouse and Energy Reporting (NGER)  1 
National Pollutant Inventory (NPI) 1 
Earthcheck 1 
Carbon Disclosure Project (CDP) 1 
Dow Jones Sustainability Index (DJSI) 1 
Local federal and provincial carbon emissions reporting 1 
Green Star rating system 1 

 

In this survey, GRI reporting is the most commonly used measurement 

reporting standard by airports internationally. The airports in this set coupled 

GRI reporting standards with some forms of ISO certified reporting standards 

to ensure greater compliance for their airports. 

 

It can also be seen from the results that in different regions of the world, other 

less popular reporting standards were implemented such as Earthcheck, CDP, 

DJSI, local federal and provincial carbon emissions reporting, and Green Star 

rating systems. 

 

6.2.5 Supporting research and development 
Question 9 asked respondents to comment on their airport sustainability efforts 

in collaboration with other agencies such as educational institutions, research 

boards, and similar groups on environmental protection and conservation of 

natural resources, and to detail the stage they were currently at with these 

efforts. The choices provided to respondents were “in progress”, “planned”, and 

“not doing anything”. The results are illustrated in Figure 6.7. 
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Figure 6.7: Supporting R&D (Question 9) 

 

All the respondents had support research and development programs to 

promote greater environmental responsibility in the area of aviation 

sustainability on environmental protection and conservation of natural 

resources, either through current works or work planning. 

 

More than half of the sample population had or were currently in the process of 

collaborating with other environmental bodies for greater environmental 

sustainability responsibility. The programs listed by the sample population are 

listed in Table 6.15. 

 

The partners working together with these airports included both national and 

international agencies that support environmental sustainability. This is a 

positive outlook for the aviation industry, as airports are taking the initiative to 

promote greater environmental responsibility both nationally and 

internationally. It can be inferred that airports in the world are working together 

with other environmental organisations towards more sustainable air travel.  

The four airports who were planning to engage in collaborative sustainability 

programs included plans to invest into more efficient instruments, to achieve 

ISO 14001 certification standards, and to budget to support environmental 

sustainability projects. It is clear that the specific area of focus is not as yet 

defined relative to those who are currently working on them. 
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Table 6.15: Environmental sustainability programs undertaken at airports in 
collaboration with other institutions (Question 9) 

Area of focus Environmental sustainability programs 
In Progress 

Biodiversity Wildlife hazard management programs 

All 
National airport programs by industry groups such as Airport 
Council International (ACI), Airport Cooperative Research Council 
(ACRP), Transportation Research Board (TRB), etc. 

Carbon emissions CAEP WG 2 on aviation emissions and airport planning 
working groups 

Biodiversity Wetland improvement program 
Energy efficiency Trigeneration plant 
Water Recycled water plant 

Biodiversity 
Funding the research on ‘Declared Rare Flora’ by Murdoch 
University 
 

Area of focus Environmental sustainability programs 
Planned 

All Investments into instruments  

All Certification of environmental reporting systems to meet the ISO 
14001 standards 

All Allocation of budget into development and support of environmental 
sustainability projects 

 

6.2.6 Environmental Sustainability (Water) 

The following sections address each of the areas of sustainability issue: water, 

air/emissions, waste, and energy, in more detail. The sample population was 

asked to indicate the stage that their airports were at in managing the different 

aspects of sustainability in each of the four broad categories in the survey, with 

the given choices of “in progress”, “planned”, and “not doing anything”. In 

addition, each category was accompanied by a list of various potential 

sustainability efforts in that area. 

 

This section is on the water management (i.e. Question 10) initiatives 

undertaken at respondents’ airports. Water management and conservation at 

airports is the third most important area of sustainability performance reported 

in the findings of this survey. Airports are obliged to carry out efficient water 

management at airport terminals and in the airport vicinity. Water management 

programs are often included in biodiversity protection and conservation 

programs, as they go hand-in-hand, and are important because various airport 

activities can impact on local natural resources and environment. 
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Reporting on this area by respondents ranged from the provision of results from 

programs monitoring water consumption, to utilisation of water efficiency 

fittings, and engaging in awareness programs (e.g. workshops) that encourage 

sustainable practice behaviour among airport employees and tenants. The 

water sustainability initiatives airports have participated in this field are listed in 

Table 6.16. Figure 6.8 and Table 6.17 further summarises the results. 

 

Table 6.16: List of water management sustainability practices provided to 
respondents in the survey (Question 10) 

Water Management Sustainability Practices 
Increasing water efficiency  
Recycling greywater 
Recycling rain water 
Minimising water ponding and flood risks  
Utilise flow rate regulators  
Encourage through education of tenants 
Utilise water efficient toilets using recycled water  
Monitor water quality  
Encourage adoption of sustainable behaviour by airport staff and tenants 

 

 
Figure 6.8: Water management sustainability practices currently in progress, 

planned or deemed not applicable at airports (Question 10) 
 

The sample population reported currently partaking in all the given 

sustainability practices in the area of water management, with the top three 

water management sustainability practices detailed in Table 6.18.  
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Table 6.17: Water management sustainability practices undertaken at airports 
(Question 10) 

Water management practices In Progress Planned Not Applicable 
Increasing water efficiency  50% 20% 30% 
Recycling greywater 33% 33% 33% 
Recycling rain water 25% 13% 63% 

Minimising water ponding and flood risks  63% 13% 25% 

Utilise flow rate regulators  56% 0% 44% 

Encourage through education of tenants 25% 13% 63% 

Utilise water efficient toilets using recycled 
water  44% 22% 33% 

Monitor water quality  89% 0% 11% 
Encourage adoption of sustainable 
behaviour by airport staff and tenants  25% 50% 25% 

 

Table 6.18: Top 3 water management sustainability practices that are 
currently “In Progress” at the airport 

Rank Top 3 water management sustainability practices at airports  
(In Progress) 

1 Monitor water quality 
2 Minimising water ponding and flood risks around airport vicinity 
3 Utilise flow rate regulators at terminals to reduce water wastage 

 

The top three water management initiatives are monitoring of water quality, 

minimisng water ponding and flood risks in airport vicinity, and utilising water-

efficiency fittings at terminals (e.g. flow rate regulators, greywater efficient 

systems, etc.) to reduce water wastage.  

 

Table 6.19: Top 3 water management sustainability practices that are 
currently “Planned” for future implementations 

Rank Top 3 water management sustainability practices at airports  
(Planned) 

1 Encourage adoption of sustainable behaviour by airport staff and tenants 
2 Recycling grey water 
3 Utilise water efficient toilets using recycled water 

 

Table 6.20 presents the three water management sustainability practices 

deemed not applicable by some respondents at their airports. The top three 

practices are recycling rain water, encouraging airport tenants toward greater 

sustainability efforts in water management, and utilising flow rate regulators at 

terminals to reduce water wastage. 
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Table 6.20: Top 3 management sustainability practices that were seen to be 
“Not Applicable” 

Rank Top 3 water management sustainability practices at airports  
(Not Applicable) 

1 Recycling rain water 
2 Encourage through education of tenants (e.g. water efficient fittings) 
3 Utilise flow rate regulators at terminals to reduce water wastage 

 

It can be seen that one initiative – utilising flow rate regulators – was found to 

be a top three current activity for some airports, and also an activity that was 

deemed inapplicable for another group. This is because airports in the latter 

group do not focus their main sustainability effort on water management. 

Hence, these airports deemed utilising flow rate regulators at airports to reduce 

water wastage as inapplicable. Table 6.21 details the qualitative commentary 

on each of the water management sustainability practices, and responses from 

the sample population. 

 

Table 6.21: Qualitative analysis on responses for water management 
sustainability practices undertaken at airports (Question 10) 

Water management 
practices Qualitative analysis on each practice 
Increasing water 
efficiency  

50% of respondents were in the process of increasing water 
efficiency at their airports, while 20% had planned for the activity. 
One respondent in this set (i.e. 20%) stated the plans would be 
effective from 2016. 
 

Recycling greywater 33% of respondents were currently recycling greywater with 
construction of water recycling plants in the airport vicinity. One 
respondent reported to be utilising recycled water on 35% of 
their landscape. 33% of respondents had plans to recycle 
greywater, whilst another 33% found the initiative not applicable, 
with one respondent in this set stating that they had studied the 
idea and found it “not practical nor economical”. 
 
 
 
 
 

Recycling rain water 25% of respondents were currently recycling rain water, with one 
airport in the set reported to have started the program since 
2012, and another airport reportedly having three rainwater 
harvesting tanks to date (2014). 63% of respondents found it not 
applicable in their current sustainability programs. 
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Water management 
practices Qualitative analysis on each practice 
Minimising water 
ponding and flood risks  

63% of respondents were currently in the process of minimising 
water ponding and flood risks in their airport vicinity, while 25% 
found it not applicable. 
Of the airports who employed the practice, one respondent 
stated that this area of sustainability practice was managed as 
part of airport development. Another respondent also stated that 
the airport had in place “drainage to storm drain and retention 
basin for sanitary disposal”. Some others reported to have this 
initiative in place from 2000 and from 2002. 

  
Utilise flow rate 
regulators  

56% of respondents had utilised low flow rate regulators to 
reduce water wastage at their airports. One respondent in this 
set mentioned that these fixtures existed in their terminals as 
early as 2002. 
 

Encourage through 
education of tenants 

63% of respondents considered this initiative not applicable, with 
one airport reporting that the water utility body in the region 
“performed this function”. Hence, this was not their responsibility. 
 

Utilise water efficient 
toilets using recycled 
water  
 

44% of respondents reported that they utilised water efficient 
toilets using recycled water. One airport in this set reported that 
the recycled water toilet system had been used since 2012. 
Another airport reported that the “new construction has dual 
plumbing system” to ensure this was effective. 
 

Monitor water quality  89% of respondents have reported this sustainability initiative to 
be in progress. Some airports in this set reported this activity to 
be an “ongoing” initiative due to regulations, such as under the 
National Pollutant Discharge Elimination System (NPDES) 
permit program required by the United States Environmental 
Protection Agency. Other respondents also reported to have had 
this initiative in place for at least eight years (2006), with one 
respondent reported monitoring since 2000.  
Another respondent provided more insight into the different 
sources of water under this activity. The respondent reported 
that the sources monitored included “storm water, surface water, 
and groundwater”. 
 

Encourage adoption of 
sustainable behaviour 
by airport staff and 
tenants  

50% of respondents have reported this activity to be future plan, 
with one respondent reporting that it would be in effect by the 
end of 2019. Another respondent in this set mentioned that this 
“may be part of the plan but usage is low compared to sanitary 
water consumption”.  

 

6.2.7 Environmental Sustainability (Air/Emissions) 

This section (i.e. Question 11) focussed on air and emissions. It is the main 

concern for all airports internationally compared to other areas of sustainability 

performance. Most of the airports in the sample population specified concerns 

on the installation of power sockets for aircrafts on the stand, while the rest are 
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more focussed on implementation of more internal emission efficient 

techniques to mitigate carbon emissions at their airports.  

 

More than half the airports surveyed had taken part in voluntary emissions 

monitoring programs and utilised carbon efficient vehicles to mitigate airport 

carbon emissions. However, most of their efforts were internal to their 

organisation. Reporting on this area by respondents was very wide-ranging, 

with implementation of carbon efficiency programs both internally and 

externally. The sustainability initiatives undertaken by airports are listed in 

Table 6.22. It can be seen from the table that emissions sustainability practices 

are categorised into Type A for aircraft and airline-related activities, and Type 

B for other activities. 

 
Table 6.22: List of air/emissions management sustainability practices provided 

to respondents in the survey (Question 11) 
Type Air/emissions Management Sustainability Practices 

A 

Participate in voluntary emissions monitoring programs 
Reducing emissions from aircraft during taxiing 
Reducing emissions from aircraft in air 
Reducing emissions from airport vehicles 
Installation of power sockets for aircrafts on the stands 
Introduction of electricity powered airport buses/trains 
Joint effort with airlines and ground support crew 
Encourage airline to use cleaner fleets 

B 

Emissions forecasts conducted for the next 5 years 
Working closely with industry partners and regulators 
Use low emission vehicles at the airport 
Work closely with local cab/taxi firms 
Monitoring air quality 
Installation of network of video conference rooms 
Incentivise staff to encourage public transport 
Enhancing cyclist access 
Supporting public transportations 
Workshops on environmental sustainability 
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Figure 6.9: Air/emissions management sustainability practices currently in 

progress, planned, or deemed not applicable at airports – Type A 
(Question 11) 

 

 
Figure 6.10: Air/emissions management sustainability practices currently in 

progress, planned, or deemed not applicable at airports – Type B 
(Question 11) 

0

1

2

3

4

5

6

7

8

9

10

Participate	in
voluntary	emissions
monitoring	programs

Reducing	emissions
from	aircraft	during

taxiing

Reducing	emissions
from	aircraft	in	air

Reducing	emissions
from	airport	vehicles

Installation	of	power
sockets	for	aircrafts

on	the	stands

Introduction	of
electricity	powered
airport	buses/trains

Joint	effort	with
airlines	and	ground
support	crew

Encourage	airline	to
use	cleaner	fleets

Emissions	forecasts
conducted	for	the
next	5	years

(A)	Air/emissions	sustainability	programs

In	Progress Planned Not	Applicable

0

1

2

3

4

5

6

7

8

9

10

Working	closely	with
industry	partners
and	regulators

Use	low	emission
vehicles	at	the	airport

Work	closely	with
local	cab/taxi	firms

Monitoring	air
quality

Installation	of
network	of	video
conference	rooms

Incentivise	staff	to
encourage	public

transport

Enhancing	cyclist
access

Supporting	public
transportations

Workshops	on
environmental
sustainability

(B)	Air/emissions	sustainability	programs

In	Progress Planned Not	Applicable



  141	

Figures 6.9 and 6.10 show the results of the question in the form of a bar chart. 

Table 6.23 presents a statistical breakdown of the responses from the sample 

population. It can be inferred from the results that the top four sustainability 

activities currently undertaken at airports in the sample population were 

installation of power sockets for aircrafts on the stands, participation in 

voluntary emissions monitoring programs, reducing emissions from aircrafts in 

air, and utilisation of low emission vehicles at airports. These results are further 

illustrated in Table 6.24. 

 

Table 6.23: Air/emissions management sustainability practices undertaken at 
airports (Question 11) 

Air/emissions management practices In Progress Planned Not Applicable 
Participate in voluntary emissions 
monitoring programs 56% 11% 33% 

Reducing emissions from aircraft during 
taxiing  44% 11% 44% 

Reducing emissions from aircraft in air  56% 11% 33% 
Reducing emissions from airport vehicles  44% 22% 33% 
Installation of power sockets for aircrafts on 
the stands  89% 11% 0% 

Introduction of electricity powered airport 
buses/trains  44% 33% 22% 

Joint effort with airlines and ground support 
crew  22% 22% 56% 

Encourage airline to use cleaner fleets  11% 22% 67% 
Emissions forecasts conducted for the next 
5 years  33% 22% 44% 

Working closely with industry partners and 
regulators 33% 11% 56% 

Use low emission vehicles at the airport 56% 0% 44% 
Work closely with local cab/taxi firms  33% 11% 56% 
Monitoring air quality  33% 33% 33% 
Installation of network of video conference 
rooms  11% 33% 56% 
Incentivise staff to encourage public 
transport  33% 22% 44% 

Enhancing cyclist access 22% 33% 44% 
Supporting public transportations  44% 33% 22% 
Workshops on environmental sustainability  22% 33% 44% 

 

The top five planned air/emissions mitigation initiatives are detailed in Table 

6.25, where each activity has been selected an equal number of times by 

respondents. These initiatives were introducing electric-powered airport 

shuttles, monitoring air quality, enhancing cyclist access, supporting public 
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transportations, and increasing awareness on environmental sustainability 

through workshops.  

 

Table 6.24: Top 4 emissions management sustainability practices that are 
currently “In Progress” at the airport 

Rank Top 4 emissions management practices at airports  
(In Progress) 

1 Installation of power sockets for aircrafts on the stands  
2 Participate in voluntary emissions monitoring programs 
3 Reducing emissions from aircraft in air  
4 Use low emission vehicles at the airport 

 

Table 6.25: Top 5 emissions management sustainability practices that are 
currently “Planned” for future implementations 

Rank Top 5 emissions management practices at airports  
(Planned) 

1 Introduction of electricity powered airport buses/trains  
2 Monitoring air quality  
3 Enhancing cyclist access 
4 Supporting public transportations  
5 Workshops on environmental sustainability  

 

Table 6.26: Top 5 emissions management sustainability practices that were 
seen to be “Not Applicable” 

Rank Top 5 emissions management initiatives at airports  
(Not Applicable) 

1 Encourage airline to use cleaner fleets  
2 Joint effort with airlines and ground support crew  
3 Working closely with industry partners and regulators 
4 Work closely with local cab/taxi firms  
5 Installation of network of video conference rooms  

 

Table 6.26 presents the top five activities that were deemed not applicable by 

respondents. These activities were encouraging airlines to use cleaner fleets, 

joint effort with airlines and ground support crews, working closely with industry 

partners and regulators, working closely with local cab/taxi firms, and installing 

network of video conference rooms. 

 

Further analysis on the result revealed that most airports were working 

internally to reduce carbon emissions from their airports. Activities requiring 

collaboration with industry partners and regulators were deemed to be 

inapplicable. However, at least three of the 10 airports in the sample population 
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were currently working closely with airlines and industry partners (i.e. local cab 

companies, airport tenants, etc.) towards a more sustainable airport 

environment. This is a good starting point towards a more sustainable airport 

in the near future. Table 6.27 details the responses from the sample population 

on each of the emissions management initiatives listed in the survey. 

Qualitative commentary on each initiative is provided based on the results 

gathered from the survey. 

 

Table 6.27: Qualitative analysis on responses for air/emissions management 
sustainability practices undertaken at airports (Question 11) 

Air/Emissions 
management 
practices 

Qualitative analysis on each practice 

Participate in voluntary 
emissions monitoring 
programs 

56% of respondents reported to have this initiative in progress at 
their airports. Of these respondents, one airport had achieved 
this through the Air Quality Source Apportionment Study 
(AQSAS) report, while another respondent had participated since 
2012. 
 

Reducing emissions 
from aircraft during 
taxiing  

44% of respondents reported to have this initiative in progress at 
their airports with one respondent stating that, “efficient airfield 
design reduces taxiing”, and thus reduction in the emissions from 
aircraft. 
 

Reducing emissions 
from aircraft in air  

56% of respondents reported to have this initiative in progress at 
their airports. Of these respondents, one airport was currently at 
the trial phase of this initiative. Another respondent commented 
that it was crucial to “have Continuous Descent Approach 
implemented” in order to achieve the expected outcome. 
 

Reducing emissions 
from airport vehicles  

44% of respondents have reported this initiative in progress at 
their airports. Of these respondents, one airport reported that 
65% of their fleet were “alternative fuel vehicles”. 
 
22% of respondents reported this initiative was planned for future 
implementation at their airports, with one airport planning for 
implementation by January 2016.  
 

Installation of power 
sockets for aircrafts on 
the stands  

100% of respondents reported either having this initiative in 
place, or having plans to implement it in the near future. 
 
89% of respondents reported power sockets were installed at all 
main sites. Of these respondents, some said they started from 
as early as 2002, while others did in 2012 and 2014. One 
respondent also reported that there were 400Hz power sockets 
installed at the airport, and another reported these power 
sockets were only at “international gates” of the airport. 
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Air/Emissions 
management 
practices 

Qualitative analysis on each practice 

Introduction of 
electricity powered 
airport buses/trains  

44% of respondents have reported to be operating electricity 
powered airport buses/trains for transfers between airport 
terminals. Of these respondents, some airports have reported to 
have this green fleet in operation since year 2000 and 2002. 
 
33% of respondents reported this initiative to be planned, with 
one respondent forecasting implementation by end of 2015. 
Another airport in this group reported that they were currently 
operating CNG-powered buses and had plans to “build [an] 
automated people mover”. 
 

Joint effort with airlines 
and ground support 
crew  

56% of respondents found this activity not applicable, while 
another 22% of respondents reported having this in place, and 
the remainder 22% had planned to implement this in the near 
future. 
 

Encourage airline to 
use cleaner fleets  

67% of respondents found this activity not applicable to their 
sustainability efforts on carbon emission mitigation. A small 
percentage (22%) of respondents planned this activity for future 
implementation, while only one respondent reported to be 
undertaking this action at the airport.  
 

Emissions forecasts 
conducted for the next 
5 years  

33% of respondents reported to have made emissions forecasts 
for the next 5 years to make more informed decisions. Of these 
respondents, a few airports had already completed the forecast 
in 2014. 
 

Working closely with 
industry partners and 
regulators 

56% of respondents reported this activity to not be applicable at 
their airports. 33% of respondents (i.e. 3 of 9) were currently 
cooperating with industry partners and regulators to better 
understand the trade-offs between noise and aircraft emissions 
in the hope of creating a more sustainable aviation environment. 
 

Use low emission 
vehicles at the airport 

56% of respondents are currently operating low emission 
vehicles at their airports. One of the respondents has reported to 
be operating a fleet that consists of CNG powered buses and 
alternative fuel vehicles under the EPA Act (USA). 
 

Work closely with local 
cab/taxi firms  

Only 33% of respondents were currently working with local 
cab/taxi companies who operated a greener fleet of vehicles, 
with one airport reported a joint collaboration with local cab 
companies to have been in place since 2012. 
 

Monitoring air quality  An equal number of respondents reported to each of the given 
three options – having this in place, having plans to implement it, 
and finding it not applicable.  
Of the respondents (33%) who reported having the initiative in 
place at their airports, two airports had carried out this exercise 
since 2013 and 2014. 
 

Installation of network 
of video conference 
rooms  

Only 11% of respondents (i.e.1 of 9) had implemented a network 
of video conference rooms and hot desk facilities at their 
airports. This airport also reported the airport office to “use 
teleconference to reduce office travel between airport offices”. 
Another 33% of respondents (i.e. 3 of 9) planned to implement 
this in the near future, while the remainder of respondents (56%) 
had deemed it not applicable to their airports’ sustainability effort. 
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Air/Emissions 
management 
practices 

Qualitative analysis on each practice 

Incentivise staff to 
encourage public 
transport  

33% of respondents had encouraged employees to use public 
transport and/or similar alternatives for daily travel. One airport in 
this set, reported that 25% of their employees were using 
“ridesharing”. Another airport reported to have a “travel plan in 
place”, and another airport reported to have implemented staff 
travel plan since 2013. 
 
 

Enhancing cyclist 
access 

22% of respondents had in place initiatives to reduce carbon 
emissions through enhancement of cyclist access around the 
airport precinct. Of these respondents, one airport had 
encouraged bicycle transit at their airport. 
 
33% of respondents had planned to enhance cyclist access 
around their airport precinct. One respondent in the set had 
forecasted this initiative to be in effect by the end of 2018. 
 

Supporting public 
transportations  

44% of respondents had easily accessed public transportation to 
their airports, with one airport reported to utilise “connecting light 
rail, (and) utilise buses to connect with public transit”. 
 
33% of respondents planned to implement this initiative at their 
airports, with one airport forecasted this initiative would be 
effective by June 2015.  
 

Workshops on 
environmental 
sustainability  

22% of respondents had run workshops for airport employees 
and tenants to increase awareness on environmental 
sustainability and practice of sustainable behaviour. However, 
two airports in this group reported the effort was “minimal” at the 
reporting stage.  
 
33% of respondents planned to do this in the near future.  
 

 

6.2.8 Environmental Sustainability (Waste) 

This section (i.e. Question 12) focussed on waste management at airport 

terminals. Green building is one of the terms used in this area of sustainability 

efforts by airports. The aim is to achieve sustainable airport terminals that are 

environmentally friendly and which include, but not limited to sustainability 

efforts in recycling initiatives, sustainable purchasing, and other energy and 

water efficiency mechanisms at the terminals. 

  

Recycling initiatives include recycling efforts in the office, construction sites, 

and airport terminals. This effort directly involves waste generated from the 

actions of air passengers, airport visitors and employees, aircraft maintenance, 

and airline employees.  
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Construction waste generated in the process of constructing new terminal 

buildings and runways, and refurbishment of existing buildings is also included 

in this area of the research study. Hence, reporting in this area includes all 

efforts to reduce waste from the areas mentioned. It also includes efforts to 

change the behaviour of airport employees and tenants to encourage adoption 

of sustainable waste management through educational activities such as 

workshops, newsletters, and incentive programs. Table 6.28 presents the 

waste management sustainability options provided to respondents in the 

survey. 

 

Table 6.28: List of choices on waste management sustainability practices 
provided to respondents in the survey (Question 12) 

Waste Management Sustainability Practices 
Reducing waste from administrative areas 
Reducing waste from aircraft 
Monitor waste production from the airport 
Monitor waste production from mandatory fire drills 
Placing recycling bins around the airport 
Recycle waste products 
Incentivise tenants to encourage recycling 
Incentivise tenants to use environmentally friendly materials 
Workshops on environmental sustainability 

 

Figure 6.11 presents the result in a bar chart, while Table 6.29 detailed the 

responses from the sample population statistically. It was found that the top 

four waste management activities were reducing waste from administrative 

areas, recycling waste products, placing recycling bins at airport terminals, and 

monitoring waste production. It can be inferred that the major effort in this area 

of sustainability were more focussed on solid waste reduction and major 

recycling initiatives at airport terminals. This result is further illustrated in Table 

6.30. 

 



  147	

 
Figure 6.11: Waste management sustainability practices currently in progress, 

planned, or deemed not applicable at airports (Question 12) 
 

Table 6.29: Waste management sustainability practices undertaken at airports 
(Question 12) 
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Reducing waste from administrative areas 88% 0% 13% 
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Monitor waste production from the airport 75% 0% 25% 
Monitor waste production from mandatory 
fire drills  50% 0% 50% 

Placing recycling bins around the airport  78% 0% 22% 
Recycle waste products  88% 0% 13% 
Incentivise tenants to encourage recycling 50% 13% 38% 
Incentivise tenants to use environmentally 
friendly materials  14% 29% 57% 

Workshops on environmental sustainability  50% 25% 25% 
 

Table 6.30: Top 3 waste management sustainability practices that are 
currently “In Progress” at the airport 
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The top three planned waste management mitigation initiatives were incentivise 

tenants to encourage selection of environmentally friendly materials/packaging 

in their product offering (i.e. biodegradable, recyclable, etc.), reducing waste 

from aircrafts (in particular food and beverage waste), and encourage adoption 

of sustainable behaviour by airport staff and tenants through workshops on 

environmental sustainability to increase awareness and practice of sustainable 

behaviour. The result is showed on Table 6.31. 

 

Table 6.31: Top 3 waste management sustainability practices that are 
currently “Planned” for future implementations 

Rank Top 3 waste management practices at airports  
(Planned) 

1 Incentivise tenants to use environmentally friendly materials  
2 Reducing waste from aircraft 
3 Workshops on environmental sustainability  

 

The top four waste management initiatives deemed not applicable by 

respondents are as shown in Table 6.32, and were incentivising tenants to use 

environmentally friendly materials in their product offering, monitoring waste 

production from mandatory fire drills, reducing waste from aircrafts, and 

incentivising tenants to encourage recycling of waste products from the 

business operations. 

 

Table 6.32: Top 4 waste management sustainability practices that were seen 
to be “Not Applicable” 

Rank Top 4 waste management practices at airports  
(Not Applicable) 

1 Incentivise tenants to use environmentally friendly materials  
2 Monitor waste production from mandatory fire drills  
3 Reducing waste from aircraft 
3 Incentivise tenants to encourage recycling 

 

A more detailed qualitative analysis and commentary is illustrated in Table 6.33. 

The table details the responses from the sample population on each of the 

waste management initiatives listed in the survey. 
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Table 6.33: Qualitative analysis on responses for waste management 
sustainability practices undertaken at airports (Question 12) 

Waste management 
practices Qualitative analysis on each practice 
Reducing waste from 
administrative areas 

88% of respondents have started to reduce waste from 
administrative areas with collection bins placed in the areas. 
Some respondents in this group started this initiative as early as 
2006, and others in 2013 and 2014. 
 

Reducing waste from 
aircraft 

38% of respondents were in progress with this initiative with 
airlines. Of these respondents, one respondent reported to 
implement this since 2010, and another to have done this via 
their “airline recycling participation” program. 
 
Of the other 38% of respondents who deemed this initiative to be 
not applicable, one stated that this was due to the fact that “all 
aircraft waste [is] incinerated by reg[ulation]”. 

Monitor waste 
production from the 
airport 

75% of respondents reported to progressing this initiative at their 
airports. Of these respondents, some reported to have started 
this program since 2014, and another stated to have a “67% 
diversion rate” for the waste generated at the airport. 
 

Monitor waste 
production from 
mandatory fire drills  

50% of respondents already did this initiative at their airports, 
while the other 50% reported it to be not applicable. 
 
Of those respondents currently participating in waste monitoring 
for mandatory fire drills, one respondent reported that monitoring 
was in place since 2010, and another respondent stated to have 
a “dedicated aircraft fire drill site” as part of the initiative. 
 

Placing recycling bins 
around the airport  

78% of respondents reported to have recycling bins in all 
terminals of their airports, with one respondent stated this 
initiative to be in place since 2006. 
 

Recycle waste 
products  

88% of respondents reported some kind of recycling programs in 
place to minimise waste generation. One respondent in the set 
reported a program in place since 2010, and another reported to 
have a “98% of construction waste recycling rate” since the 
program was implemented.  
 

Incentivise tenants to 
encourage recycling 

50% of respondents had incentive programs in place for airport 
tenants to encourage recycling of waste products. One 
respondent in this set reported to have been doing this since 
2013. Another respondent reported the Incentive offered to 
airport tenants at their airport was a “free recycling roll off bins”.  
 

Incentivise tenants to 
use environmentally 
friendly materials  

29% of the respondents had planned this as part of their 
sustainability initiatives at their airports, with one respondent 
reported to be implementing a program in 2015. 
 

Workshops on 
environmental 
sustainability  

50% of respondents reported doing this, while another 25% of 
respondents have this in future plans. 
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6.2.9 Environmental Sustainability (Energy) 

This section (i.e. Question 13) focussed on energy consumption mitigation 

initiatives at airport terminals. Green buildings, as mentioned earlier also 

referred to as sustainable buildings that employed energy efficiency 

mechanisms such as light-saving to ensure conservation of as much energy as 

possible. Energy consumption in all areas of airport terminals is considered in 

this research study – in particular energy consumption in an air passenger’s 

travel schedule. 

 

The sustainability initiatives in the area of energy management used in this 

research study are listed in Table 6.34. As there is a wide range of energy 

sustainability activities, they are categorised into Type A for energy-efficient 

equipment and renewable energy related activities and Type B for other 

activities, allowing easier reference in Figure 6.12 and 6.13, respectively. 

  

Table 6.34: List of energy management sustainability practices provided to 
respondents in the survey (Question 13) 

Type Energy Management Sustainability Practices 

A 

Utilise energy efficient options for assets and equipment 
Install and utilise photovoltaic cells / thermal solar panels at terminal 
Encourage renewable energy options in aircraft maintenance 
Introduce renewable energy sources at the airport 
Supporting R&D on renewable energy sources 
Monitor energy usage at the airport 

B 

Installation of double glazed doors and solar shading devices 
Installation of motion sensors 
Utilise natural lighting 
Seek to achieve green building certification for NEW buildings 
Seek to achieve green building certification for EXISTING buildings 
Workshops on environmental sustainability 
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Figure 6.12: Energy management sustainability practices currently in 

progress, planned, or deemed not applicable at airports – Type 
A (Question 13) 

 

 
Figure 6.13: Energy management sustainability practices currently in 

progress, planned, or deemed not applicable at airports – Type 
B (Question 13) 
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reduce energy consumption on lighting. This finding is further illustrated in 

Table 6.36.  

 

Table 6.35: Energy management sustainability practices undertaken at 
airports (Question 13) 

Energy management practices In Progress Planned Not Applicable 
Utilise energy efficient options for assets and 
equipment  

63% 13% 25% 

Install and utilise photovoltaic cells / thermal 
solar panels at terminal 

38% 13% 50% 

Encourage renewable energy options in 
aircraft maintenance 

25% 13% 63% 

Introduce renewable energy sources at the 
airport 

43% 14% 43% 

Supporting R&D on renewable energy sources 
25% 0% 75% 

Monitor energy usage at the airport 88% 13% 0% 

Installation of double glazed doors and solar 
shading devices 

63% 0% 38% 

Installation of motion sensors  29% 14% 57% 
Utilise natural lighting  75% 0% 25% 
Seek to achieve green building certification for 
NEW buildings 

63% 13% 25% 

Seek to achieve green building certification for 
EXISTING buildings 

25% 25% 50% 

Workshops on environmental sustainability  38% 13% 50% 
 

Table 6.36: Top 5 energy management practices that are currently “In 
Progress” at the airport 

Rank Top 5 energy management practices at airports  
(In Progress) 

1 Monitor energy usage at the airport 
2 Utilise natural lighting  
3 Utilise energy efficient options for assets and equipment 
3 Installation of double glazed doors and solar shading devices 
3 Seek to achieve green building certification for NEW buildings 

 

The top three planned energy management initiatives, as shown in Table 6.37, 

were achieving green building certification for existing airport buildings, 

introducing renewable energy sources, and utilising motion sensors throughout 

the terminal to reduce unnecessary energy consumption. 

 

The top three energy management initiatives deemed not applicable by 

respondents for their airports were mainly initiatives on renewable energy 
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sources, as illustrated in Table 6.38. The energy management initiatives were 

supporting R&D on renewable energy sources in particular to aircraft (i.e. 

biofuels), encouraging renewable energy options in aircraft maintenance, and 

installing motion sensors throughout terminals to reduce unnecessary energy 

consumption. 

 

A qualitative analysis on the information gathered from the sample population 

is presented in Table 6.39. 

 

Table 6.37: Top 3 energy management practices that are “Planned” for future 
implementations 

Rank Top 3 energy management practices at airports  
(Planned) 

1 Seek to achieve green building certification for EXISTING buildings 
2 Introduce renewable energy sources at the airport 
3 Installation of motion sensors  

 

Table 6.38: Top 3 energy management practices that were seen to be “Not 
Applicable” 

Rank Top 3 energy management practices at airports  
(Not Applicable) 

1 Supporting R&D on renewable energy sources 
2 Encourage renewable energy options in aircraft maintenance 
3 Installation of motion sensors  

 

Table 6.39: Qualitative analysis on responses for energy management 
sustainability practices undertaken at airports (Question 13) 

Energy management 
practices Qualitative analysis on each practice 
Utilise energy efficient 
options for assets and 
equipment  

63% of respondents were currently undertaking this initiative at 
their airports. 13% of respondents had planned for the near 
future. Another 25% of respondents did not find this applicable to 
their sustainability efforts at the airport. 
 

Install and utilise 
photovoltaic cells / 
thermal solar panels at 
terminal 

50% of respondents reported this initiative was not applicable at 
their airports. Another 38% of respondents had implemented this 
at their airports, while the rest of the respondents had planned to 
implement it in the near future. 

Encourage renewable 
energy options in 
aircraft maintenance 

63% of respondents reported that this was not applicable to at 
their airports, while the rest of respondents were implementing 
(25%) this activity, or had planned it (13%). 
 

Introduce renewable 
energy sources at the 
airport 

43% of respondents were currently undertaking this initiative at 
their airports, while another 43% deemed it not applicable.  
14% had planned for future sustainability initiatives. 
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Energy management 
practices Qualitative analysis on each practice 
Supporting R&D on 
renewable energy 
sources 

75% of respondents reported this to be not applicable at their 
airports. However, some of these respondents reported to 
support biofuel use. One respondent also reported that the 
airport was an “early adopter of bio diesel but it fouled all buss 
auxiliary heaters” and they would not use it again. 

Monitor energy usage 
at the airport 

All respondents in the sample population were either currently 
undertaking this initiative or had it planned for future effort, at 
88% and 12%, respectively. 
 

Installation of double 
glazed doors and solar 
shading devices 

63% of respondents had implemented this initiative at their 
airports, with another 38% deeming it not applicable. 
 
 

Installation of motion 
sensors  

29% of respondents had utilised the mechanisms, while another 
14% planned to add them in the near future. 57% of respondents 
deemed these tools not applicable at their airports. 
 

Utilise natural lighting  75% of respondents had adopted this light saving mechanism at 
their airports. The remaining 25% deemed it not applicable to 
their sustainability initiatives. 
 

Seek to achieve green 
building certification for 
NEW buildings 

63% of respondents were currently implementing this initiative as 
part of their sustainability effort at their airports. 13% of them had 
planned to achieve green building certification, and another 25% 
deemed it not applicable. 
 

Seek to achieve green 
building certification for 
EXISTING buildings 

25% of respondents were currently implementing this initiative 
for the existing airport terminals, while another 25% had plans to 
adopt. The remaining 50% of respondents deemed it not 
applicable.  
 

Workshops on 
environmental 
sustainability  

50% of respondents deemed this initiative not applicable.  
35% of the sample population were currently undertaking this 
initiative at their airports, while another 13% had planned this in 
their future sustainability initiatives.  
 

 

6.2.10 Other Sustainable Initiatives and Barriers 

Question 14 asked respondents for other sustainability initiatives implemented 

at their airports, as well as barriers to the sustainability efforts that were not 

been covered in the survey. Most of the respondents do not have further 

comments except for four airports. Table 6.40 presents the original comments 

from these respondents. 
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Table 6.40: Other sustainability initiatives implemented at airports and barriers 
to sustainability efforts that were not covered in the survey 
(Question 14) 

Respondent Other sustainability initiatives that are not captured in the survey 
Respondent 1  Engineers and architects are generally not innovators. They will design 

you a building that worked the last time so there is a push to overcome 
the initial inertia to innovate.  Innovation costs money.    There is an 
evelution to most things. In a terminal you get to add green innovations 
on construction and 20 years later at mid-life upgrade. Once or twice in a 
career you can make a big difference. 
 

Respondent 2 Current price for electricity is low so little incentive to reduce 
consumption.  Conversion of boilers from diesel to wood pallet or gas.  
Use of groundwater for building heating/cooling.  Payback on green 
building initiatives seen as too long so no support. 
 

Respondent 3  The sustainability barrier is believing a good environmental plan is 
sustainability. Remember it is only one of three legs and can't stand on 
its own. The executives running and airport distrust sustainability if it is 
really just an environment program in disguise. 
 

Respondent 4  We are investigating installing electric vehicle charging bays in our car 
parks, with priority proximity to terminals. 
 

 

Respondent 4 reported on the airport’s future sustainability initiatives in the 

area of electric vehicles with plans to install charging bays at terminals to 

encourage cleaner transport in the airport vicinity. This area on electric vehicles 

charging stations is relatively new, and is not available to all countries. Having 

said that, it is an area that governments in those countries where the technology 

is not as popular should work to encourage more users of electric vehicles. All 

airports should also investigate and invest in electric vehicle charging bays at 

carparks to induce popularity on these technologies. These efforts from the 

local government and airports would certainly help in achieving sustainability 

for the future generations.  

 

With the comments from the respondents, it can be further confirmed that the 

main barrier to sustainability initiatives at airports is a lack of awareness and 

engagement from all stakeholders of the airport, including airport management, 

which in turn leads to insufficient resources required to further increase 

sustainability efforts at airports. 
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6.2.11 Future Sustainability Initiatives 

There are two questions in the survey in this area. Question 15 asked 

respondents to list and rank the drivers to future sustainability initiatives at 

airports, and Question 16 asked for sustainability priorities at their airports in 

the next five years. 

 

Drivers to future sustainability initiatives at airports 

 

Question 15 in the survey asked respondents to list and rank the top five drivers 

to their future sustainability initiatives at their airports from a given list of factors 

as listed in Table 6.41. 

 

Table 6.41: Listed choices on drivers to sustainability initiatives at airports 
provided to respondents in the survey (Question 15) 

Listed choices of drivers to sustainability initiatives at airports 
National legislations and regulations� Global trends (i.e. climate change)  
International legislations and regulations  Government/Economic incentives (i.e. 

rebates) 
State legislations and regulations  Community satisfaction 
Airport policies Corporate responsibility 

 

The factors provided to respondents in the survey were the same as those 

provided for Question 4 under chapter 6.2.2. Among those choices were 

national legislations and regulations, international legislations and regulations, 

state legislations and regulations, airport policies, global trends, 

government/economic incentives, community satisfaction, and corporate 

responsibility. 

 

Table 6.42 details the result finding gathered from the sample population. The 

result shows that the three most popular factors as the top driver to future 

sustainability initiatives at airports were, international legislations and 

regulations, airport policies, and corporate responsibility. These three factors 

were selected an equal number of times by different respondents in the sample 

population. 
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Table 6.42: Drivers to future sustainability initiatives at airports (Question 15) 

Drivers to future sustainability initiatives 

 
Top 
Driver 

2nd 
Driver 

3rd 
Driver 

4th 
Driver 

5th 
Driver Total 

National legislations and 
regulations� 1 1 2 0 1 5 

International legislations and 
regulations  2 1 0 0 0 3 

State legislations and regulations  1 0 0 1 0 2 
Airport policies 2 2 1 0 2 7 
Global trends (ie. climate change)  0 0 2 2 2 6 
Government / Economic 
incentives (ie. rebates) 0 1 0 1 0 2 

Community satisfaction 0 1 2 3 1 7 
Corporate responsibility 2 2 1 1 2 8 

 

The two most popular factors selected as the second driver to future 

sustainability initiatives were airport policies, and corporate responsibility.  

Most respondents selected national legislations and regulations, global trends, 

and community satisfaction, as the third driver to their future sustainability 

initiatives at the airport. 

 

Amongst other choices, community satisfaction and global trends are popular 

choices for the fourth driver. The factors selected as fifth driver to future 

sustainability initiatives at airports were airport policies, global trends and 

corporate responsibility. The results have been summarised into Table 6.43 for 

easier reference. 

 

Table 6.43: Top 3 drivers to future sustainability initiatives at airports 
(Question 15) 

Rank Drivers to future sustainability initiatives 
Top Driver International 

legislations and 
regulations 

Airport policies Corporate responsibility 

2nd Driver Airport policies Corporate responsibility 
3rd Driver National legislations 

and regulations 
Global trends Community satisfaction 

 

Further investigation into the result revealed the top three factors driving future 

sustainability initiatives at airports. Corporate responsibility, airport policies, and 
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community satisfaction were identified to be the top three factors driving future 

sustainability efforts at airports.  

 

Figure 6.14 illustrates all the contributing factors for future sustainability 

initiatives. Each factor is represented with the percentage of the number of 

times selected by respondents at different stages. 

 

 
 
Figure 6.14: Top 3 common drivers to future sustainability initiatives at 

airports 
 

To further investigate drivers to sustainability initiatives at airports, a cross-

reference analysis was performed on information gathered from questions 4 

and 15. Question 4 focussed on drivers to current existing sustainability 
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airports. These results are illustrated in Table 6.44. 
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3 Airport policies 18% Airport policies 17% 
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From the table, it can be seen that the five drivers were consistent for both 

current and future sustainability initiatives. This further illustrates the 

importance of the factors as drivers to sustainability initiatives at different 

airports internationally.  

 

Corporate responsibility and community satisfaction were crucial in determining 

the future of sustainable practices at airports and in the aviation industry. 

Likewise, global trends that influence airport policies were both contributing 

factors in this regard. This again shows that in order to create a more 

sustainable aviation industry which includes implementation of better 

sustainability practices at airports, the community is the main influencer of all 

other stakeholders of the airport. 

 

Future sustainability priorities at airports in the next 5 years 

 

Question 16 required respondents to state the three sustainability priorities for 

their airports in the next five years, and rank each of these priorities according 

to their importance, with 1 being the highest priority. 

 

The results are illustrated in Figure 6.15. The responses from respondents are 

categorized into three broad groups using the triple bottom line (TBL) 

framework: environment, social, and economic. 

 

 
Figure 6.15: Sustainability priorities for airports in the next 5 years     

(Question 16) 
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The respondents in the sample population identified environmental practices to 

be the key priority for the future in aviation, followed by social and economic 

practices. It was clear from the results that environmental concern is still the 

highest priority for most airport managers which shows a positive outlook on a 

more sustainable aviation industry in the future.  

 

6.2.12 The Carbon Tax 

This survey research began in mid 2011 when the discussion of a carbon tax 

on aviation industry was still in discussion, and hence, this area of focus was 

included in the research study. 

 

This section focussed on carbon tax. It aimed to find out respondents’ opinions 

on the different aspects of a carbon tax, ranging from the significance of the 

tax, down to the benefits of imposing a tax. Respondents were presented with 

three questions (i.e. questions 17, 18 and 19) with regards to carbon tax. The 

following subsections detail each question presented and the results gathered 

from the sample population. 

 

Significance of a carbon tax 
 

Question 17 investigates the significance of a carbon tax legislation in 

managing carbon emissions in the aviation industry. Respondents were asked 

to state their opinion on the necessity of a carbon tax legislation to reduce the 

carbon footprint of the aviation industry, and the reasons for their choices. The 

choice provided were yes, no, and maybe. The result is based on the personal 

opinion of the respondents as illustrated in Figure 6.16. 

 
Figure 6.16: The necessity of a carbon tax legislation in managing carbon 

emissions in aviation industry (Question 17) 
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Half of the sample population (i.e. 4 airports) have found that carbon tax 

legislation was not necessary in the aviation industry in managing carbon 

emissions. The responses from this set of respondents are presented in Table 

6.45. One respondent found that voluntary development and environment 

incentive would be more effective than imposed legislations, while another 

stated that aviation’s carbon foot print was not as significant compared to other 

industries. Another respondent noted that the significance and necessity of a 

carbon tax legislation on aviation industry depended on global trends. 

 

Table 6.45: Commentary from respondents on why a carbon tax is not 
necessary for the aviation industry (Question 17) 

Respondent Carbon tax is not necessary 
Respondent 1  Voluntary development and environmental incentive are more effective. 

 
Respondent 2 Aviation is 2% of GHG emissions – other sectors should be addressed 

first. 
 

Respondent 3  So much depends on what is happening internationally that local policies 
are only a minor factor. 
 

 

It was clear from the responses that a lack of awareness on aviation 

sustainability, and support from airport management were the main barriers to 

aviation sustainability, in particular to sustainable practices at airports. As 

mentioned in previous sections, changing global trends are another crucial 

factor in shaping the future of a more sustainable aviation industry. 

Another three airports believed that a carbon tax legislation should be imposed 

for a more sustainable aviation industry. The responses from respondents in 

this set are presented in Table 6.46. 

 

Table 6.46: Commentary from respondents on why a carbon tax is necessary 
for the aviation industry (Question 17) 

Respondent Carbon tax is necessary 
Respondent 1  Harmful 

 
Respondent 2 Nobody (at least not everyone needed) seems willing to undertake steps 

necessary to accomplish the true carbon reduction 
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One respondent in this set stated that carbon tax legislation is necessary 

because carbon emissions is harmful, while another respondent stated that a 

carbon tax legislation was the key to ensure “everyone” participated in 

sustainable practices towards a greener aviation industry. In other words, 

legislation should be imposed to mitigate carbon emissions at airports and 

ensure compliance in aviation sustainability. 

 

Another one airport could not determine if a carbon tax was required in 

managing carbon emissions in the aviation, with the respondent stated that “it 

is extremely difficult to monitor emissions from aviation sources, but efficiency 

and new technologies should be encouraged”. 

 

Beneficiaries of a carbon tax 
 

Question 18 aimed to determine respondents’ opinions on the beneficiaries of 

a carbon tax if it was to be imposed in the near future. A list of beneficiaries was 

provided to the respondents in this question. Respondents were also allowed 

to state other beneficiaries not in the list provided. The list of beneficiaries 

included in the questionnaire are presented in Table 6.47. The choices 

included, but were not limited to the government, airline companies, local 

communities, and industries and airport tenants. 

 

Table 6.47: Listed choices on beneficiaries of a carbon tax in the aviation 
industry provided to respondents in the survey (Question 18) 

Listed choices on beneficiaries of a Carbon Tax 
Government Industries / Airport tenants 
Airlines Don’t know 
Airports Others 
Communities - 

 

The respondents believed that the government would benefit most from a 

carbon tax if it was to be implemented, followed by both the society (i.e. 

everyone) and the local communities. The results are illustrated in Figure 6.17. 

 



  163	

 
Figure 6.17: Beneficiaries of a carbon tax in the aviation industry       

(Question 18) 
 

The respondents who chose government to be the main beneficiary stated that 

benefits to government were both monetary and reputational. Interestingly, 

respondents in this set include those who found a carbon tax legislation 

necessary, and also those who found did not believe a carbon tax was required, 

with equal numbers of respondents on each side of the spectrum. Hence, it 

could be inferred that regardless of the respondents’ opinions on the 

significance of a carbon tax legislation in aviation industry, most of the 

respondents believed that the Government was the main beneficiary of a 

carbon tax if it was to be passed. 

 

Benefits of a carbon tax for the aviation industry 
 

Question 19 investigated respondents’ opinions on the benefit of a carbon tax 

legislation for the aviation industry. The question provided a list of choices for 

respondents, as well as an opportunity to include benefits not covered in the 

list. The choices are presented in Table 6.48. The choices included, but are not 

limited to a cleaner environment, reduction in GHG emissions, more 

environmentally accountable business practices, new economic opportunities 

through the creation of jobs, and more research on alternative fuel for aircrafts. 
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Table 6.48: Listed choices on benefits of a carbon tax in the aviation industry 
provided to respondents in the survey (Question 19) 

Listed choices on benefits a Carbon Tax 

Cleaner environment More research on alternative fuel for aircrafts 
(e.g. bioethanol, etc.)  

Reduce GHG production Don’t know 
Environmentally accountable business 
practices Others 

New economic opportunities (i.e. green 
jobs) 

Others: “Survival of our industry” (by 
respondent) 

 

 

 
Figure 6.18: Benefits of a carbon tax in the aviation industry (Question 19) 
 

The result was illustrated in Figure 6.18. It showed that the most important 

benefit of a carbon tax for the aviation industry was environmentally 

accountable business practices. Three airports were of the opinion that the 

implementation of a carbon tax on the aviation industry could lead to more 
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There were an equal number of respondents who found that the benefits of a 

carbon tax could lead to more research on alternative fuel for aircrafts, a cleaner 

environment, and the survival of the aviation industry.  

 

A quarter of the sample population (i.e. 2 airports) had no opinion on this 

question. Further investigation revealed that the respondents in this set did not 

find a carbon tax legislation necessary and believed that government was the 

main beneficiary if it was to be imposed. 
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6.2.13 Carbon Emissions 

 

This section focussed on carbon emissions and consisted of three questions 

(i.e. questions 20, 21 and 22) the aimed at investigating the impact of climate 

change on air travel to the party most responsible for the creation of carbon 

pressures at airports, and the most effective way to reduce the impact of climate 

change on air travel. The following subsections will discuss each question in 

more detail. 

 

Impact of climate change on air travel 
 

Question 20 aimed to determine the impact of climate change on air travel. The 

question provides a list of choices, as well as a chance to include what is not 

covered in the list. The choices for the question are presented in Table 6.49, 

and included air travel has not been affected by the impact of climate change, 

more consolidated travel, lesser travel (both leisure and business), more 

meeting at airport boardrooms, and greater use of social media as a mean of 

communication. 

 

Table 6.49: Listed choices on the impact of climate change on air travel 
provided to respondents in the survey (Question 20) 

Listed choices on the impact of climate change on air travel 
Has not been affected More social media 
Consolidate travel Don’t know 
Less travel Others: “develop new manufacture 

technology” 

More meeting at airport boardrooms Others: “development of more efficient 
engines 

 

Almost half of respondents (i.e. 5 of 11 airports) found that airline travel had not 

been affected much by climate change. Another 3 airports found that climate 

change had led to consolidated travel that resulted in lesser travel. 2 other 

airports felt that climate change had helped in the development of more efficient 

technologies. The remaining airports found that climate change has resulted in 

more utilisation on social media to stay connected between individuals, and 

less travelling.  
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Figure 6.19: The impact of climate change on airline travel (Question 20) 
 

Further investigation showed that the group of respondents who found a carbon 

tax necessary for a more sustainable aviation industry, also found that climate 

change had not affected airline travel at all. This could explain why this group 

of respondents would think that a carbon tax legislation needed to be imposed 
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carbon pressures at airports. Respondents were asked to select three 

stakeholders, with the opportunity to include others not covered in the list 

provided. The choices included, but were not limited to airport managers, 
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results are illustrated in Figure 6.20.  

 
Figure 6.20: Stakeholders most responsible for creating carbon pressures at 

airports (Question 21) 
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Table 6.50 presents a detail statistical breakdown on the results gathered from 

the sample population. Most respondents selected the government to be the 

stakeholder most responsible for creating carbon pressures at the airport, 

followed by airport managers and those travelling (i.e. air passengers) and/or 

indirectly causing emissions at the airport (i.e. visitors, tenants, airline staff, 

airport crews, aircraft maintenance, etc.) as the second most responsible group 

of stakeholders. 

 

Table 6.50: Stakeholders most responsible for creating carbon pressures at 
airports (Question 21) 

Stakeholders most responsible for creating carbon pressures at the airport 

 1 2 3 Total 
Airport managers  1 2 2 5 
Government  5 1 3 9 
Those travelling and/or indirectly causing emissions 1 2 2 5 
Lobby groups 0 0 1 1 
International legislations 0 1 0 1 

 

The results were further tabulated to identify the stakeholders chosen the most 

number of times by respondents. The result was the same with the government 

to be the most popular choice of most respondents, followed by airport 

managers, and those travelling (i.e. air passengers) and/or indirectly causing 

emissions at the airport (i.e. visitors, tenants, airline staff, airport crews, aircraft 

maintenance, etc.), as illustrated in Figure 6.21. 

 
Figure 6.21: Top common stakeholder most responsible for creating carbon 

pressures at airports 
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Most effective way to reduce the impact of climate change on air travel 
 

Question 22 investigated respondents’ opinions on the most effective methods 

to mitigate the impact of climate change on air travel. A list of factors as outlined 

in Table 6.51 was provided to respondents, with an opportunity to include others 

not covered. The choices included, but were not limited to planting more trees, 

replacing non-energy efficient equipment, reducing energy consumption, 

raising awareness on the effects of climate change to the public, supporting 

recycling, implementing more government subsidised climate change 

mitigation programs, introducing more sustainable modes of public 

transportation for air travellers and airport staff, and adopting renewable energy 

options at the airports. 

 

Table 6.51: Listed choices on ways to reduce the impact of climate change on 
air travel provided to respondents in the survey (Question 22) 

Listed choices for impact of climate change on air travel 

Plant more trees Implement more government subsidised 
climate change mitigation programs 

Replace non-energy efficient equipment More sustainable modes of transport to the 
airport for travelers and airport staff 

Reduce energy consumption Renewable energy options (i.e. green power) 
Educate the public on effects of climate 
change Don’t know 

Support recycling Other 
 

Most respondents (i.e. 7 of the 8 airports) believed that replacing non-energy 

efficient equipment with more energy efficient ones was the most effective 

method to mitigate the impact of climate change on air travel, as shown in Table 

6.52. 

The second most effective method selected by the respondents was identifying 

the government’s responsibility to implement more subsidised climate change 

mitigation programs to encourage sustainability efforts at airports. 

The third most effective method reported by the sample population included 

several methods, including the effort to reduce energy consumption at airports, 
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to utilise renewable energy options, and to introduce more sustainable modes 

of transport to and from the airport for travellers and airport staff. 

 

Table 6.52: Ways to reduce the impact of climate change on air travel 
(Question 22) 

Ways to reduce the impact of climate change on air travel 

 1 2 3 Total 
Replace non energy efficient equipment  6 1 0 7 
Reduce energy consumption 1 1 2 4 
Educate the public on effects of climate change  0 0 1 1 
Support recycling 0 1 0 1 
Implement more government subsidised climate 
change mitigation programs 1 2 1 4 

More sustainable modes of transport to the airport 
for travelers and airport staff � 0 1 2 3 

Renewable energy options (i.e. green power)  0 1 2 3 
Other: R&D in new airframes and engines 0 1 0 1 

 

Further analysis of the result revealed that the most popular method selected 

by the sample population as the most effective method in mitigating the impact 

of climate change on air travel was the utilisation of energy-efficient equipment 

at the airport, followed by the reduction in energy consumption across the 

board, and greater government initiatives on subsidised climate change 

mitigation programs. This finding is illustrated in Figure 6.22. 

 

Figure 6.22: Top 3 common ways to reduce the impact of climate change on 
air travel 
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6.2.14 Sustainable Airports 

This section on sustainable airports consisted of three questions (i.e. questions 

23, 24 and 25) that aimed to determine respondent choices on sustainable 

airports internationally and the significance of sustainable airports in the 

aviation industry. It also sought the requirements that constituted sustainable 

airports internationally based on the categories outlined in the process 

flowchart discussed in Chapter 4 of this thesis. The following subsections will 

discuss each question and the results in more detail. 

 

Top 3 Sustainable Airports (International/Domestic) 
 

Question 23 investigated the top sustainable airports in the world. Respondents 

were asked to list three sustainable airports internationally and rank each 

according to the sustainability significance, with 1 being the most sustainable. 

The result was illustrated in Figure 6.23. It can be seen from the chart that 

several airports in the European Union region were selected by the sample 

population to be the most sustainable, followed by airports in Asia. Interestingly, 

this pattern of more airports in the EU region, followed by airports in other 

regions is followed through to the second and third most sustainable airports 

internationally in the opinion of the respondents. The second most sustainable 

airports selected by the sample population included airports in Europe and 

America. The third most sustainable airports included airports in Europe, 

America, and Oceania. 

 

Figure 6.23: Top 3 sustainable airports (Question 23) 
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Further investigation on the result gathered from the sample population 

revealed that airports in Europe were most selected as the top sustainable 

airports in the world, followed by airports in America, and then in Asia. This is 

illustrated in Figure 6.24. 

 

 
Figure 6.24: Most popular sustainable airports – by region (Question 23) 

 

The list of airports in the different regions was highlighted quantitatively in Table 

6.53. The airports selected in the different regions were highlighted in the table. 
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Table 6.53: Top 3 sustainable airports in the world (Question 23) 
Top 3 sustainable airports in the world  

Regions Airports 1 2 3 Total 
(Airport) 

Total 
(Region) 

Europe 
 

Frankfurt 1 0 0 1 

9 

Heathrow 1 1 1 3 
Stockholm Arlanda 1 0 0 1 
Zurich 0 1 0 1 
Munich 0 1 0 1 
Schiphol 0 0 1 1 
Manchester 0 0 1 1 

America 
Seattle Tacoma 0 1 0 1 

3 San Francisco 0 1 0 1 
Dallas International 0 0 1 1 

Asia 
Singapore Changi 1 0 0 1 

2 
Japan Narita 1 0 0 1 

Oceania Brisbane 0 0 1 1 1 

 

 

Significance of Sustainable Airports 
 

Question 24 aimed to investigate the significance of sustainable airports with 

the current pressures on climate change and the need to reduce carbon 

emissions. Respondents were asked to provide comments on the significance 

of sustainability at modern airports. Table 6.54 details the actual responses 

from respondents. 

 

All respondents agreed that modern airports should be more sustainable. 

Interestingly, all respondents who agreed that it was necessary to have 

sustainable airports represented the two groups of respondents who believed 

that carbon tax legislation should be and should not be imposed on the aviation 

industry. This shows that the importance of sustainability in aviation (in 

particular to sustainable airports) was across the board, as it was the beginning 

of the introduction of sustainability efforts in the industry. 
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Table 6.54: Significance of sustainable airports (Question 24) 
Respondent Significance of sustainability in modern airports 
Respondent 1  Yes. More efficient use of resources 

 
Respondent 2 I support this direction to enhance green airports and applying 

environment impact assessment to get the balance between the 3 edges 
of environment prevention and social and economic development 
 

Respondent 3 Yes.  Because they are huge generators of economic prosperity and this 
will increasingly have to be balanced with their social and environmental 
impacts. However, business sustainability for airports is not just about 
carbon, aircraft noise is far more significant an impact in terms of their 
sustainable development. 

Respondent 4 They should, but more importantly they should provide facilities that 
enable airlines to be more sustainable 

Respondent 5 Yes; long term survival of the airport and the community it serves - is 
sustainability. What you have to do to make that happen is your 
sustainability program 
 

Respondent 6 Yes. Given airports are industries that cannot do much to change the 
emissions they produce (from aviation) - they should increase efforts in 
other areas to compensate 
 

 

Further analysis of the results showed that respondents were more focussed 

on environmental sustainability rather than economic and social aspects of 

sustainability, which matched their sustainability priorities for the next five 

years.  This demonstrated environment (i.e. ecology) as the most important 

pillar of the three pillars of sustainability based on the TBL framework.  

 

In order to achieve success in the overall sustainability of the industry, 

businesses would need to fulfil all aspects of sustainability – environment, 

social and economic. The three different aspects of sustainability are interlinked 

and directly affect each other. As one of the main drivers to both current and 

future sustainability initiatives was community satisfaction (i.e. corporate social 

responsibility), which represented a social aspect of sustainability, businesses 

in the aviation would need to fulfil the social aspect, through accomplishing the 

environmental sustainability, to achieve economic sustainability. This shows 

that aviation industry need to ensure a strong focus on environmental 

sustainability to achieve social and economic sustainability in the business. 

This further established the significance of sustainable airports in the aviation 

industry. 
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Requirements for Sustainable Airports 
 

Question 25 investigated the requirements that were important in airport 

terminal management for sustainable airports. Respondents were presented 

with a table with various sustainability initiatives and asked to tick all those 

activities that applied to the different areas of the airport in order to be 

sustainable, as shown in Table 6.55. The question was designed based on the 

five categories outlined in the process flowchart of a typical air passenger’s 

travel schedule which can be found in Chapter 4. 

 

The results from this question were further broken down into dedicated tables, 

with each table being used to discuss the responses in each category. There 

were six categories in total, the five categories defined in the travel schedule of 

an air passenger, and an additional category to represent sustainable initiatives 

that applied to all categories. The categories were as follows: 

• Whole airport 

• Outside airport 

• Check-in process 

• Security check process 

• Pre-departure lounge 

• Aircraft operations and maintenance 
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Table 6.55: Requirements for airport terminal management in sustainable airports (Question 25) 
 

# Question Whole 
airport 

Outside 
airport 

Check-
in 

process 

Security 
check 

process 

Pre-
departure 

lounge 

Aircraft 
operations 

and 
maintenance 

Total 
Responses 

1 More energy efficient fixtures (eg. smart energy 
management) 6 2 2 2 2 2 16 

2 Employ green building standards 5 2 2 2 2 1 14 

3 Install double-glazed doors for efficient climate 
control of the airport terminals 6 2 1 1 2 1 13 

4 More recycling bins to promote recycling 
behaviour 6 2 2 2 2 2 16 

5 Introduce fuel efficient fleets for airport support 
vehicles 5 2 2 2 2 3 16 

6 
Incentivise sustainability efforts among airport 
tenants and businsses (eg. discourage plastic 
bags, recyclable utensils, etc) 

6 2 1 1 2 2 14 

7 Conservation of surrounding bushland and 
cultural / heritage sites 3 3 1 1 1 2 11 

8 Plant more trees 0 5 0 0 0 0 5 

9 Provide sustainable modes of transportation to 
the airport for staff and travellers 3 4 0 0 0 1 8 

10 More convenient drop-off / pickup spots 2 3 0 0 0 1 6 
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# Question Whole 
airport 

Outside 
airport 

Check-
in 

process 

Security 
check 

process 

Pre-
departure 

lounge 

Aircraft 
operations 

and 
maintenance 

Total 
Responses 

11 Automated baggage check-in systems 1 0 4 1 0 0 6 

12 Less printed materials (eg. baggage tags, matrix 
codes on smartphones for check-in, etc) 5 1 1 1 0 1 9 

13 More energy efficient devices and machines 
used for check-in process 1 0 4 0 0 0 5 

14 
More efficient security screening systems for 
baggage and/or personal effects (i.e. energy 
efficient) 

1 0 0 4 0 0 5 

15 Water efficient toilets 6 0 0 0 1 1 8 
16 Natural lightings wherever possible 6 1 1 1 1 1 11 

17 Use of renewable energy options in their 
maintenance 5 0 0 0 0 0 5 

18 Other (please state) 0 0 0 0 0 0 0 
19 Other (please state) 0 0 0 0 0 0 0 
20 Other (please state) 0 0 0 0 0 0 0 
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1. Whole airport 
 

The sample population selected the following six sustainable activities listed in 

Table 6.56 as important requirements for sustainable airports and terminal 

management applicable to the whole airport. The airport terminal and area in 

the vicinity of the airport were discussed in this category, and all of the 

sustainability initiatives were selected an equal number of times. Smart energy 

management at airports was found to most important, followed by recycling 

efforts and water management. 

 

Table 6.56: Important requirements for sustainable airports and terminal 
management – Whole airport 

Rank Requirements to sustainable airports (Whole airport) Total 
1 More energy efficient fixtures (e.g. smart energy management) 6 

1 Install double glazed doors for efficient climate control of the airport 
terminals 6 

1 More recycling bins to promote recycling behaviour 6 

1 Incentivise sustainability efforts among airport tenants and businesses 
(e.g. discourage plastic bags, recyclable utensils, etc.) 6 

1 Water efficient toilets 6 
1 Natural lightings wherever possible 6 

 

2. Outside the airport 
 

Another set of data gathered from the sample population specific to 

sustainability efforts outside of the airport shows that carbon emissions from 

vehicles were an issue in this category. Table 6.57 revealed that conservation 

of environment in the airport vicinity, and utilising sustainable modes of airport 

transportation were important to achieve sustainability. This result further 

affirmed the previous finding that reducing carbon emissions was the priority in 

sustainability in the airport vicinity (outside of the airport terminal), above all 

other areas, such as water, energy, noise and waste. 

 

Table 6.57: Important requirements for sustainable airports and terminal 
management – Outside of airport 

Rank Requirements to sustainable airports (Outside airport) Total 
1 Plant more trees 5 
2 Provide sustainable modes of transportation to the airport for staff and 

travellers 4 
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3. Check-in process 
 

The sample population found the utilisation of more energy efficient equipment 

used to facilitate the check-in process of air passengers in air travel an 

important requirement for sustainable terminal management, as shown in Table 

6.58. This further substantiated the findings of the review discussed in Chapter 

4 where it is crucial to work on replacing all high energy consumption equipment 

and machineries to reduce carbon emissions from airport operations. 

 

Table 6.58: Important requirements for sustainable airports and terminal 
management – Check-in process 

Rank Requirements to sustainable airports (Check-in process) Total 
1 Automated baggage check-in systems 4 
1 More energy efficient devices and machines used for check-in process 4 

 
 
4. Security check process 
 

The sample population again believed that reducing energy consumption of 

security equipment used in the security check process in air travel was the 

priority to achieve sustainable airports in this category. Other sustainability 

initiatives selected by respondents were smart energy management, green 

terminal buildings, more recycling bins strategically placed around the terminal 

to induce recycling behaviour, and utilising fuel efficient fleets for airport support 

vehicles, as shown in Table 6.59. 

 

Table 6.59: Important requirements for sustainable airports and terminal 
management – Security check process 

Rank Requirements to sustainable airports (Security process) Total 

1 More efficient security screening systems for baggage and/or personal 
effects (i.e. energy efficient) 4 

2 More energy efficient fixtures (e.g. smart energy management) 2 
2 Employ green building standards 2 
2 More recycling bins to promote recycling behaviour 2 
2 Introduce fuel efficient fleets for airport support vehicles 2 

 

 

 

5. Pre-departure lounge 
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The measures taken at the pre-departure lounge where air passengers wait 

before proceeding to board the plane to their destination was studied in this 

category. The responses gathered for this category were similar to those found 

for the security check process, except that they involved another group of 

stakeholders – airport tenants.  

 

The important requirements in the pre-departure area of a sustainable airport 

included all aspects of sustainability in the area of air/emissions, energy, water, 

and waste, as shown in Table 6.60, with slightly more focus on waste 

management due to airport tenants (i.e. airport retailers).  

 

Table 6.60: Important requirements for sustainable airports and terminal 
management – Pre-departure lounge 

Rank Requirements to sustainable airports (Pre-departure) Total 
1 More energy efficient fixtures (e.g. smart energy management) 2 
1 Employ green building standards 2 

1 Install double glazed doors for efficient climate control of the airport 
terminals 2 

1 More recycling bins to promote recycling behaviour 2 
1 Introduce fuel efficient fleets for airport support vehicles 2 

1 Incentivise sustainability efforts among airport tenants and businesses 
(e.g. discourage plastic bags, recyclable utensils, etc.) 2 

 

6. Aircraft operations and maintenance 
 

The important requirements of a sustainable airport in aircraft operations and 

maintenance was studied in this category. This is an area more familiar to 

internal staff rather than air passengers and airport visitors.  

The sample population found utilising fuel efficient vehicles used in airport 

support fleet (i.e. aircraft maintenance and support) to be the most important 

requirement to achieve sustainability in this category. This result substantiated 

the previous finding, where carbon emissions management was a priority at 

areas outside of the airport terminal. Other areas in energy, waste, and 

biodiversity protection and conservation were also concerns in this category as 

shown in Table 6.61. 

 



  180	

Table 6.61: Important requirements for sustainable airports and terminal 
management – Aircraft Maintenance 

Rank Requirements to sustainable airports (Maintenance) Total 
1 Introduce fuel efficient fleets for airport support vehicles 3 
2 More energy efficient fixtures (e.g. smart energy management) 2 
2 More recycling bins to promote recycling behaviour 2 

2 Incentivise sustainability efforts among airport tenants and businesses 
(e.g. discourage plastic bags, recyclable utensils, etc.) 2 

2 Conservation of surrounding bushland and cultural/heritage sites 2 
 

Further investigation on the results from the six categories found utilising 

energy efficient fixtures at airport terminal the most important requirement for 

sustainable airport. This was also part of the smart energy management 

program undertaken at most respondents’ airports. 

 

The second most important requirement was increasing recycling efforts by 

strategically placing more recycling bins to promote and induce recycling 

behaviour. 

 

The third most important requirement was utilising fuel efficient fleets at airports 

in all airport support functions. This result finding is summarised into Table 6.62. 

 

Table 6.62: Important requirements for sustainable airports and terminal 
management –  All areas 

Rank Requirements to sustainable airports (All areas) Total 
1 More energy efficient fixtures (eg. smart energy management) 16 
1 More recycling bins to promote recycling behaviour 16 
1 Introduce fuel efficient fleets for airport support vehicles 16 

 

6.2.15 Airport Carbon Footprint 

This section consisted of three questions (i.e. questions 26, 27 and 28) 

dedicated to investigating the main sources of pollution, energy consumption 

and waste generation at an airport. Respondents were asked to state the main 

sources for each of the discussed theme.  
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Main source of pollution at an airport. 
 

Question 26 aimed to determine the main source of pollution at an airport 

terminal. Respondents were provided with a list of pre-selected sources of 

pollution based on the sources determined in the process flowchart of a typical 

passenger travel schedule, as outlined in Chapter 4 of this study, with an 

opportunity to include others not covered in the list.  

 

The list of pre-selected sources of emissions were shown in Table 6.63, and 

included, but were not limited to exhaust fumes from vehicles utilising the 

parking facilities, trolley collection using non-fuel efficient vehicles, exhaust 

fumes from vehicles utilising drop-off/pick-up facilities, aircraft maintenance 

equipment and vehicles, designated smoking areas, and water usage at airport 

facilities. 

 

Table 6.63: Listed choices on sources of carbon emissions at airports 
provided to respondents in the survey (Question 26) 

Listed choices for sources of carbon emissions at an airport 
Exhaust fumes from vehicles utilising the 
parking facilities� Designated smoking areas � 

Trolley collection using non-fuel efficient 
vehicles� 

Water usage at airport facilities �(e.g. 
washrooms) 

Exhaust fumes from vehicles utilising the 
drop-off / pick-up facilities  Other: “GE for CO” – Aircraft emissions 

Aircraft maintenance equipment and 
vehicles � Other: “Aircraft for NOx and air particles” 

Other: “my emission inventory tells me and it varies by pollutant type 
 

Figure 6.25 illustrated the result for this question. It showed that respondents 

believed the main sources of pollution at the airport were mainly from exhaust 

fumes from vehicles at the airport. These vehicles included those from airport 

employees, airport support team (i.e. aircraft maintenance and terminal 

support), airport visitors, and air passengers. It was no surprise that carbon 

emissions from vehicles were seen as the main source of pollutant in the 

aviation sector, and that explained for the reason to focus on carbon emissions 

management in most national and state legislated reporting standards in the 
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aviation sector. Table 6.64 details the quantitative information gathered from 

the sample population. 

 

 
Figure 6.25: Top 3 air polluters at airports (Question 26) 

 

Table 6.64: Top air polluters at airports (Question 26) 
Top polluters at an airport 

 1 2 3 Total 
Exhaust fumes from vehicles utilising the parking facilities� 2 2 2 6 
Trolley collection using non-fuel efficient vehicles� 0 1 0 1 
Exhaust fumes from vehicles utilising the drop-off / pick-up facilities  2 1 1 4 
Aircraft maintenance equipment and vehicles � 2 1 1 4 
Designated smoking areas � 0 1 1 2 
Water usage at airport facilities �(e.g. washrooms) 0 0 1 1 
Other: “GE for CO” – Aircraft emissions 0 1 0 1 
Other: “Aircraft for NOx and air particles” 0 0 1 1 
Other: “my emission inventory tells me and it varies by pollutant type 1 0 0 1 

 

Further investigation revealed that the top three most common source of 

pollution at airports was believed to be the pollutants from the emissions of 

vehicles visiting the airport and utilising the carpark facilities (i.e. airport 

visitors). The second source of pollution at airports was from pollutants from 

the emissions of vehicles utilising the pick-up and drop-off facilities (i.e. air 

passengers), and those from the aircraft maintenance fleets at airports. 
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Emissions from aircraft was identified to be the third source of pollution at 

airports. 

 

Figure 6.26: Top 3 common air polluters at airports (Question 26) 

 

This again reaffirmed that carbon emissions from GAV at airports was seen as 

the main source of pollution. Airport operators should utilise more sustainable 

modes of transportation at the airports to reduce the carbon emissions in the 

vicinity of the airport. 

 

Main source of energy consumption at an airport. 
 

Question 27 aimed to determine the main source of energy consumption at an 

airport terminal. Respondents were provided with a list of pre-selected sources 

of energy consumption based on the sources determined in the study as 

outlined in Chapter 4, with an opportunity to include others not covered in the 

list. The list of pre-selected sources of energy consumption at airport were 

shown in Table 6.65, and included but were not limited to energy consumed by 

airport services, airport tenants and businesses, airport facilities, aircraft 

maintenance equipment and vehicles, the continuous lighting, and escalators 

and travellators at airport terminals. 
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Table 6.65: Listed choices on sources of energy consumption at airports 
provided to respondents in the survey (Question 27) 

Listed choices for sources of energy consumption at an airport 

Airport services Aircraft maintenance equipment and vehicles 
� 

Airport tenants and businesses Always ‘ON’ lightings 
Airport facilities Always ‘ON’ escalators and/or travellators 

 

Table 6.66: Top energy consuming activities at airports (Question 27) 
Top airport activities that consume the most energy (i.e. electricity) 

 1 2 3 Total 
Airport services 1 0 0 1 
Airport tenants and businesses 1 2 1 4 
Airport facilities 2 0 0 2 
Aircraft maintenance equipment and vehicles � 0 0 2 2 
Always ‘ON’ lightings 1 3 0 4 
Always ‘ON’ escalators and/or travellators 0 1 2 3 

 

 
Figure 6.27: Top 3 sources of energy consumption at airports (Question 27) 

 

Figure 6.27 and Table 6.66 illustrated and detailed the results gathered from 

the respondents, in a bar chart and statistical table, respectively. It showed that 

the airport activities that consumed the most energy came from facilities at the 

airport, such as washrooms, viewing decks, charging stations, internet stations, 
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and many more. The second airport activity that consumed the most energy 

was the continuous lighting used in airport terminals, as they were required to 

be always on due to security reasons. The third most energy-consuming airport 

activity was the use of escalators and travellators, as well as equipment and 

vehicles used in aircraft maintenance. 

 

This finding illustrated the importance of smart energy management at airport 

terminal in order to create a more sustainable airport. 

 

 
Figure 6.28: Top 3 common sources of energy consumption (Question 27) 

 

A further analysis of the result identified that the three most popular sources of 

high energy consumption were airport tenants and businesses, and two airport 

facilities that were always in use – lighting and escalators, as illustrated in 

Figure 6.28.  

 

This result finding could explain for the recent changes made at sustainable 

airports that have substituted existing systems for more energy-efficient fittings 

such as motion sensors mechanisms wherever possible at terminals to ensure 

compliance with airport requirements and national regulations and legislation 

on aviation industry. 
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Main source of waste generation at an airport. 
 

Question 28 investigated the source of waste generation at an airport. A list of 

pre-selected choices on sources of waste generation at airport was provided to 

respondents as shown in Table 6.67. Respondents were also given 

opportunities to include those not covered in the list. These pre-selected 

choices are again determined from the process flowchart of a typical air 

passenger travel schedule as depicted in Chapter 4. The choices were 

packaging materials used by airport businesses, printed baggage tags and air 

tickets, mandatory fire drills, and waste generated from construction and 

refurbishment of airport buildings. 

 

Table 6.67: Listed choices on sources of waste generation at airports 
provided to respondents in the survey (Question 28) 

Listed choices for sources of waste generation at an airport 

Packaging materials used by airport businesses Mandatory fire drills 
Printed baggage tags and tickets Building materials 

 

Table 6.68: Top waste generation activities at airports (Question 28) 
Top airport activities that generate the most waste 

 1 2 3 Total 
Packaging materials used by airport businesses 6 2 0 8 
Printed baggage tags and tickets 0 4 1 5 
Mandatory fire drills 0 0 4 4 
Building materials 1 0 1 2 

 

Table 6.68 presented a statistical breakdown of the result finding. Figure 6.29 

illustrated the responses gathered from respondents in the form of a bar chart. 

Results showed that the main source of waste generation at an airport came 

from airport tenants and businesses. The second source of waste generation 

was attributed to air travel, specifically at the check-in stage of air travel from 

the printing of documents such air tickets, baggage tags, and travel documents. 

The third source of waste generation was identified to be the waste produced 

from mandatory fire drills at airports, which were required by international 

aviation legislations and regulations in the aviation industry.  
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Figure 6.29: Top 3 sources of waste generation at airports (Question 28) 

 

A further investigation into the result finding revealed the three most common 

airport activities that were selected the most number of times by respondents. 

The results were the same as before, with waste generation from airport 

businesses, followed by printed travel documents at check-in stage of air travel, 

and then from mandatory fire drills.  

 

This result showed the lack of effort by airport operators in this area. It also 

explained why not many airports provided workshops on raising awareness in 

waste management and recycling at airports. Figure 6.30 shows the top three 

common sources of waste generation at airports.  

 

 
Figure 6.30: Top 3 common sources of waste generation at airports   

(Question 28) 
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Having said that, some international airports had begun working to reduce 

waste generation at airports from these sources. However, this area was not 

emphasised by many airports. Airport operators should raise awareness of 

waste generation from airport retail shops to the tenants, and work closely 

together to be sustainable. Another area worth investigating was the use of 

electronic boarding passes, and RFID baggage tags to reduce administrative 

waste from printing them. Most airlines today had started electronic versions of 

boarding passes which contributed greatly to sustainability in reducing the 

amount of printing. Some airlines and airports have also worked on more 

generic baggage tags that were thinner and simpler in design. This significantly 

reduce the waste generated in this stage of air travel and contribute to a more 

sustainable aviation. 

 

 Conclusion 

 

This chapter presented the result findings of the research survey. Analysis of 

the result were carried out using SPSS software and manual study (i.e. cross 

reference) of the information gathered from the sample population from those 

of the literature review.  
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Chapter 7 Discussion and Recommendations 
 

7 Survey Discussion 

 

This chapter compares the results gathered from the survey with those findings 

from studied surveys in Chapter 2.12 of the thesis. It is structured into three 

main sections, with discussion on the differences of Sustainable Practices at 

Airports survey with each of the studied survey. As the survey does not include 

all the aspects investigated by the three surveys, only those relevant to the 

research objectives will be described. This chapter concludes with 

recommendations regarding the best practice in sustainability management 

practices at airports.   

 

 Comparison with IATA 

 

IATA inaugurated the Global Passenger Survey in June 2012 to highlight air 

travellers’ attitudes on self-service facilities and their social media usage 

patterns during travelling. The survey continued for the subsequent years 2013 

– 2016. 

 

The main difference between the two surveys (i.e. Sustainable Practices at 

Airports survey and IATA survey) is the target audience. The IATA survey is 

targeted at the general public, which covers all demographics. It is more 

focussed on the opinions from the perspective of consumers (i.e. external 

stakeholders). This study’s survey is targeting specifically at airport managers 

(i.e. internal stakeholders) working on implementing sustainability initiatives at 

airports. The analysis in this section will discuss relevant differences and 

similarities of the two surveys. 

 

The IATA survey found that 34% of air passengers paid for ancillary services 

in their travel. Of those 34%, less than 5% of air passengers paid for other 

services not mentioned below (IATA 2012): 

• Excess baggage (55%) 
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• Onboard food and beverage (55%) 

• Assigned seats/seat upgrades (51%) 

• Wireless internet (21%) 

• Priority check-in (20%) 

• Priority boarding (18%) 

• Access to VIP lounges (18%) 

• Inflight entertainment (15%) 

• Other (<5%). 

 

It is presumed that other services included options such as “to fly carbon 

neutral”. A similar question was asked in this study’s survey, where 

respondents were asked to rate the most effective way to reduce the impact of 

climate change on air travel. Only 4% of respondents found it could useful to 

educate public on the effects on climate change to reduce carbon footprint of 

air travel. This further indicated that very few air passengers would actually pay 

to fly carbon-neutral. This could be seen as an opportunity to work towards 

increasing awareness on the programs to induce sustainable behaviour from 

involved stakeholders. This proves that sustainability responsibility should 

begin with the policy-maker (i.e. government) and businesses in the aviation 

sector instead of air passengers. Programs to raise awareness and induce 

sustainable behaviour to reduce the impact of air travel on climate change 

should be considered and implemented to create a sustainable aviation 

industry. 

 

 Comparison with Airbus 

 

The 2012 Airbus survey analysed in this research study was targeted at air 

travellers, which is again the main difference from this study’s survey. Airbus 

survey aimed to investigate the expectations of target audiences on the aviation 

industry (Airbus 2012). The outcome of the survey aimed to discover 

sustainable initiatives that could be used to mitigate challenges brought on by 

climate change. The issues investigated by the survey included future energy 

sources, unlocking traffic congestions, and sustainable aircraft design. 



  191	

The survey finding by Airbus reported that 74% of future air passengers 

required face-to-face interaction between individuals (i.e. business partners, 

family, friends, etc.) to forge a stronger and lasting interpersonal relationship. 

Only 58% and 48% of respondents reported phone calls and social media 

platforms were sufficient as means of communication for them to maintain 

frequent contacts with their families, friends and business counterparts, 

respectively. The findings from this study’s survey found the majority of 

respondents (at 46%) reported that climate change had not impacted air travel 

patterns. This result reaffirms the finding from Airbus, where most air 

passengers still prefer direct face-to-face interaction, which requires travelling.  

 

It is clear from the results of both surveys that air travel will not decrease in the 

near future, following the preference for face-to-face interaction over other 

means of modern communication. On the contrary, it will continue to be on a 

rising trend as reported by a report from PwC Strategy& that showed the 

industry has doubled two folds from 2004 to 2014 (PwC Strategy& 2017). This 

growth was driven by the rise of low cost carriers (LLC) in the air travel market. 

Therefore, it is crucial that airlines, airport operators and policy-makers focus 

on mitigation efforts against climate change to achieve sustainable travel. This 

further indicated the importance of working to increase awareness and induce 

participation in flying carbon-neutral programs, as mentioned in the previous 

section. 

 

The Airbus survey also found that 96% of air passengers agreed that it was 

essential to have sustainable aircraft to mitigate the impact of air travel on 

climate change. Respondents reported the three top methods to achieve 

sustainable aircraft were less fuel consumption, reduced carbon emission, and 

the utilisation of alternative fuels (i.e. biofuels). Other methods found included 

aircraft being carbon neutral, quieter aircraft, fully recyclable aircraft and aircraft 

made using fully recyclable materials. These results are in agreement with this 

study’s survey findings that reported climate change has indeed led to the 

development of more efficient technologies and renewable energy sources. 

This shows various stakeholders sharing similar view on sustainability 

achievable with renewable energy sources.  
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There was a similar question in the current study’s survey, where respondents 

were asked to state the most effective methods to reduce impact of air travel 

on climate change. The results in order of effectiveness were investments on 

energy efficient equipment, more government subsidised climate change 

mitigation programs, reducing energy consumption around airport, utilising 

renewable energy sources, and introducing various sustainable modes of 

transportation on airport transfer services. This again shows that both internal 

and external stakeholders of airports share similar views on effective methods 

to mitigate climate change. This finding reaffirms the importance of these issues 

and identify the need for policy-makers to step up in the effort to increase 

renewable energy options at airports for a more sustainable air travel.  

 

 Comparison with TRB 

 

The purpose of the TRB survey was to study the sustainability initiatives of 

international airports (i.e. Europe, Asia, Middle East, Oceania, and USA) and 

contribute to the sustainability options for adaptation through supportive 

planning and policy, and more efficient airport terminals to mitigate against 

climate change. The survey aimed to gather information on the following issues, 

and the results will provide a snapshot of the sustainability efforts by airports of 

varying sizes across the globe: 

• Organisational governance of airports with respect to the implementation 

of sustainability practices. 

• Main driving forces behind (present and future) sustainability practices 

• Top priorities for sustainability improvement at airports. 

• Main barriers to implementation of (present and future) sustainability 

practices at airports 

• Future trends of sustainability practices at airports 

 

The current study’s survey was focussed on similar issues as it was an 

extension of the TRB survey, and other issues there were not covered in the 

TRB survey. The objectives of this study’s survey is as follows: 
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• Identify legislations and regulations applicable to aviation and airport 

policies with respect to the implementation of sustainability practices 

• Determine drivers and barriers to the implementation of both current and 

future sustainability initiatives and stakeholder concerns.  

• Identify top priorities for sustainability improvement at airports 

• Identify future trends of sustainability practices at airports 

• Determine expectations of a modern sustainable airport 

• More efficient airport terminals to mitigate against carbon emissions, 

energy consumption, water, noise and waste management. 

 

Dissemination method  
 

The TRB survey was sent to 52 respondents internationally, including 31 

airports in U.S. states and regions, and 21 airports outside the United States. 

Table 7.1 details the potential respondent airports of TRB survey. TRB 

classified their sample population into two main categories, namely the USA 

airports, and non-USA airports. 

 

Table 7.1: TRB list of potential airports 

Potential Airports of TRB 
California (5) Louisiana Ohio Continental Europe (7) 
Florida (2) Massachusetts Oregon United Kingdom (6) 
Illinois (2) Michigan Tennessee Asia (3) 
Pennsylvania (2) Missouri Utah Canada (2) 
Texas (2) Mississippi Virginia Middle East (3) 
Arizona (1) New Mexico Washington Australia (1) 
Colorado (1) Nevada Wisconsin  
Georgia (1) New York   

 

The current study’s survey contacted 47 potential airports internationally for 

participation in the research survey. The list of airports contacted is detailed in 

Table 7.2. The sample population of this survey was classified according to the 

regions where the airports are located, namely Europe, Middle East, North 

America, Asia, and Oceania. 
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Table 7.2: This study’s list of potential airports 

Potential Airports of Curtin 
New York London Bangkok Hong Kong Queensland 
California Manchester Phuket Shanghai Perth 
Las Vegas Madrid Singapore  Beijing Sydney 
Chicago Barcelona Taipei Tibet Melbourne 
San Francisco Geneva Kaohsiung Seoul Cairns 
Toronto Zurich Kuala Lumpur Chile Adelaide 
Mumbai Schiphol Penang Tokyo Brisbane 
New Delhi Stockholm Marseilles Osaka Avalon 
Bangalore Cairo Paris Christchurch  
Iberia Denmark Munich Auckland  

 

Survey response rate 

 

The TRB survey achieved 25 responses for their research survey, which 

represented a 48% response rate. 

 

The current study’s survey achieved 17 responses which represented a 36% 

response rate. 

 

Demographic 
 

The TRB survey was targeted at airport operators, airlines companies, airport 

tenants, and other stakeholders in the aviation industry. Respondents 

occupying different roles in their sample population could come from the same 

airports. Some respondents were also associated with the TRB organisation as 

members of the organisation’s panel. Two of the 25 respondents from TRB 

survey represented large airport authorities who managed more than one 

airport, and their reported responses might refer to sustainability practices at 

more than one airport under their management. 

 

The study’s survey target audiences were staff who managed sustainability 

practices at airports, with varying positions at different airports. All responses 

received represented different airports from different regions. The airports 

contacted in this survey were selected at random, and did not have a prior 

working or personal relationship with the author. 
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Airport size 
 

Nine of the 25 airports that participated in the TRB survey are airports were 

classified by TRB to be large hubs. There were four medium hubs, two small 

hubs, and one non-hub airport.  
 

There were only 10 responses in the current study’s survey received on this 

question. Six of the 10 airports served more than 20 million passengers, one 

that served between 15 to 20 million passengers, two that served between 10 

to 15 million passengers, and one that served between 5 to 10 million 

passengers at their airports annually. Those airports that served more than 20 

million passengers annually reported the figure to be between 32 – 36 million 

passengers. 

 

Future sustainability priorities at airports 

 

The TRB survey showed respondents from both the USA and the non-USA 

airports mainly identified environmental practices as the key future priorities for 

implementation of sustainability practices at airports, followed by social and 

then economic practices. The current study’s survey also found the same 

priorities from respondents of the survey. 

 

It was clear from the results of both surveys that environmental concerns 

remained the highest priority for most airports, which indicated a positive 

outlook on a more sustainable aviation industry in the future. With the positive 

outcomes from environmental sustainability, social and economic sustainability 

will follow.  

 

Barriers to sustainability practices 
 

The findings from both the TRB and the current study’s survey showed that the 

barriers to existing sustainability initiatives at airports were budget constraints, 

time constraints, lack of awareness and engagement, resources and support 

from management. Table 7.3 is a comparative table presenting the results 
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gathered from surveys. It was clear that the barriers to current existing 

sustainability initiatives at airports are the same internationally with minor 

differences in the positions of each identified factor. 

 

Table 7.3: TRB vs This study’s survey (Barriers to current existing 
sustainability initiatives at airports) 

Rank Barriers (TRB) Barriers (Current survey) 
1 Lack of Funding (Budget) Budget constraints  
2 Lack of Staffing (Time) Lack of awareness and engagement  
3 Lack of management support Lack of resources  

4 Lack of environmental culture 
(Awareness and engagement) Lack of support from management 

5 
Limited staff understanding of 
sustainability (Awareness and 
engagement) 

Time constraints 

 

Barriers to implementation of sustainability practices at airports in the TRB 

survey showed that 10 of 16 USA airports identified a lack of funding as the key 

barrier, followed equally by issues such as the lack of staffing, lack of staff 

knowledge, lack of an environmental culture, and lack of management support. 

Airports from Asia and United Kingdom identified a lack of funding as a common 

barrier, followed by responses such as strong political variability (continental 

Europe), limited time and dedication to sustainability (Asia), the lack of 

experienced professionals (Canada), and the lack of understanding of social 

sustainability (Canada). 

 

The finding from the current study’s survey found that airports in Asia identified 

the lack of budget as the key barrier to implementing sustainability initiatives at 

their airports, which was the same as those of the TRB survey finding. However, 

this survey found that airports in North America identified a lack of awareness 

and engagement on sustainability initiatives as the common barrier (instead of 

a lack of funding as reported in the result finding  of the TRB survey), followed 

by budgetary constraints and resources constraints. Airports in Middle East and 

Oceania region also identified a lack of awareness and engagement on 

sustainability initiatives as the key barrier, followed by budgetary and resources 

constraints, and other influencing factors such as volatility in federal legislations 

and regulations, a lack of dedication from management, difficulty in data 

collection, and time constraint. The result findings from both surveys confirmed 
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the importance of environmental sustainability efforts at airports, above 

economic and social sustainability. 

 
Drivers to Sustainability Practices 
 

The finding from TRB survey revealed that current sustainability initiatives were 

dependent on the state and regional regulations and legislations imposed on 

the airports, followed by the airport policy, federal regulations and legislations, 

corporate social responsibility and stakeholder concerns. However, the driving 

forces for future sustainability initiatives are dependent on stakeholder 

concerns, then global trends, airport policy, corporate social responsibility and 

federal regulations and legislations, as shown on Table 7.4. This showed that 

public opinions were highly valued and could influence the future sustainability 

initiatives at airports. Therefore, there should be more efforts in raising 

awareness in all stakeholders of the airport to improve sustainability 

performance in the industry. 

  

Table 7.4: Drivers to current existing and future sustainability initiatives at 
airports from the TRB survey 

Rank Current Existing Future 
1 State/Regional regulations Stakeholder concerns/relations 
2 Airport Policy Global trends 
3 Federal regulations Airport policy 
4 Corporate responsibility Corporate responsibility 
5 Stakeholder concerns/relations Federal regulations 

 

Table 7.5 details the results from the current study’s survey. The factors were 

similar to those found by the TRB survey, but the order of importance in those 

factors were different. Community satisfaction and corporate responsibility 

were the two main factors that drive both current and future sustainability 

initiatives at airports from the findings in this study’s survey. It was followed by 

other factors such as airport policy, global trends, and then national legislations 

and regulations. From the result findings of this survey, it can again be 

concluded that stakeholder concerns and satisfaction play a crucial part in 

determining the future sustainability initiatives undertaken at airports. More 
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programs aimed at changing behaviour to improve sustainability performance 

in airport operations should be implemented.  

 

Table 7.5: Drivers to current existing and future sustainability initiatives at 
airports from this study’s survey 

Rank Current Existing Future 
1 Community Satisfaction Corporate responsibility 
2 Corporate responsibility Community Satisfaction 
3 Airport policy Airport policy 
4 Global trends Global trends  
5 National legislations and regulations National legislations and regulations 

 

The results from both surveys further affirm the importance of working together 

to achieve sustainability in the industry. All stakeholders play a crucial part in 

the mitigation effort against climate change. Hence, this indicated a need for an 

effort to increase public awareness on the impact of air travel on climate 

change, as environmentally sound stakeholders make more informed 

decisions. 

 

Table 7.6 details the factors that drive the implementation of current 

sustainability initiatives at airports from both the TRB and the current study’s 

surveys, whilst Table 7.7 presents the drivers for future sustainability initiatives. 

The same five factors were chosen by respondents from both surveys, with a 

slight difference in the position of the factors. The five factors that contributed 

to the implementation of greater sustainability efforts at airports were federal 

and state legislations and regulations imposed on aviation industry, airport 

policies, stakeholder’s concerns, corporate responsibility, and global trends on 

sustainability from the perspective of airport terminal management.  

 

Table 7.6: TRB vs This study’s survey (Drivers to current existing 
sustainability initiatives at airports) 

Rank TRB (Current) This study’s survey (Current) 
1 State/Regional regulations Community Satisfaction 
2 Airport Policy Corporate responsibility 
3 Federal regulations Airport policy 
4 Corporate responsibility Global trends 
5 Stakeholder concerns/relations National legislations and regulations 

Table 7.7: TRB vs This study’s survey (Drivers to future sustainability 
initiatives at airports) 
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Rank TRB (Future) This study’s survey (Future) 
1 Stakeholder concerns/relations Corporate responsibility 
2 Global trends Community Satisfaction 
3 Airport policy Airport policy 
4 Corporate responsibility Global trends  
5 Federal regulations National legislations and regulations 

 

It can be inferred from the results of both surveys that stakeholder concerns are 

important to the implementation of both current and future sustainability 

initiatives at airports. Therefore, airport operators need to ensure the right 

messages are delivered to the various group of stakeholders, so more informed 

decisions could be made. These decisions from airport stakeholders will in turn 

affect the sustainability in the industry. 

 

Environmental Practices 
 

The TRB survey aimed to investigate the areas of environmental sustainability 

practices at airports, as presented in Table 7.8, while those for the current 

study’s survey are presented in Table 7.9. The areas of focus in both the 

surveys are similar, but the structure is significantly different.  

 

It can be seen from Table 7.8 that the areas of focus in the TRB survey are 

more dedicated to particular activities undertaken at airports, such as water 

conservation, water quality, air quality, land use, measuring and monitoring, 

waste, etc. 

 

Table 7.8: Areas of environmental sustainability practices from the TRB 
survey 

Areas of environmental sustainability practices investigated by TRB survey 
Water conservation Air quality Materials 
Water quality Land use Waste 
Climate change Biodiversity Noise and aesthetics 
Energy Green Buildings Measuring and monitoring 

 

The areas of focus in the current study’s survey are broader and classified into 

the different aspects of sustainability at airports in the five areas defined at the 

beginning of the study – emissions, water, energy, noise, and waste. 
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Table 7.9: Areas of environmental sustainability practices from this study’s 
survey 

Areas of environmental sustainability practices investigated by this study’s survey 
Air/emissions mitigation practices 

Water management practices 
Energy management practices 
Noise management practices 
Waste management practices 

 

The TRB survey reported varying sustainable practices undertaken at airports 

of their respondents. However, the most common or widely used practices in 

each category by airports in different regions were not the focus of the survey, 

unlike the current study’s survey, which determined the most common 

sustainable practices in the different aspects of sustainability at airports.  

 

Most of the sustainability practices reported in the TRB survey findings were 

featured on the lists provided to respondents in the current study’s survey. 

Further investigation on the differences and similarities of the two surveys 

showed that sustainable practices undertaken at airports were similar with 

minor variations at most airports in the world.  

 

The next section discusses the last objective of the research, which is to provide 

recommendations regarding the best practice in sustainability management 

practices at airports. The recommendations provided are directed at all 

stakeholders of airports. 

 

 Recommendations 

 

Climate change is challenging for all industries given the current pressures from 

the society. A recent paper from Yale University published on the journal, 

Nature, reported that “17% more emissions will be released into the 

atmosphere by 2050 than from previously predicted” (Lissone 2016). Another 

report from PwC Strategy& (2017) reported the growth of airline industry was 

driven by LLCs (e.g. AirAsia, Tigerair, Scoot, etc.) that had been expanding 

rapidly in recent years. This further affirmed the growth of air travel in the 

coming years. This is a call for the need to implement effective mitigation 
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practices in the aviation industry to combat against climate change, especially 

in the aspect of air travel and airport terminal management, due to the continual 

rising trend. The way policy-makers, airlines companies, and airport operators 

react and navigate through current global trends will determine the 

sustainability performance of the industry in the near future.  

 

7.4.1 Sustainable water management practices 

“Only 1% of the earth’s water is available for human use” (TRB 2008). It was 

also further supported by Natgeo (2017) that although 70% of Earth is water, 

there is a mere 1% of freshwater accessible for consumption. Therefore, 

managing water consumption at sustainable airports is becoming a growing 

concern for airport operators. Airlines are also working hard in this area to 

operate more efficiently. In response to the global trends playing out across the 

industry, this section will discuss recommendations to improve sustainability in 

water management at airports. The recommendations are illustrated in Table 

7.10 for easier reference. 

 

Table 7.10: Effective Water Management Practices at Airports 
Areas Most Effective Water Management Practices at Airports 
Whole airport Monitor water quality 
Outside the 
airport Minimising water ponding and flood risks around airport vicinity 

Inside the 
airport 

Utilise water efficient fittings (i.e. flow rate regulators) at terminals to 
reduce water wastage 

Whole airport Recycle grey water and storm water 
Inside the 
airport Utilise waterless and/or water efficient toilets using recycled water 
Whole airport Increase awareness of water wastage at airports through educational 

activities to all stakeholders at the airports 
 

1) Include a monitoring and metering program for water quality and 
usage at airport terminals. The information gathered from this program 

could be used to inform the decision to make sound sustainable strategies 

in the near future. This practice was undertaken at all airports reviewed in 

this study. 

 

2) Work to increase awareness of water wastage and induce sustainable 
water consumption behaviour at airports for all stakeholders. Posters 
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on better water management to reduce wastage at airport terminals should 

be strategically placed at selected area where water wastage is more likely 

to happen. These posters will serve as reminders to stakeholders. More 

targeted educational workshops on the know-hows in reducing water 

consumption at airports should be implemented for both internal and 

external stakeholders. Other options could include incentive programs such 

as reward systems for achieving certain targets outlined in the program. 

These programs have been proven effective at many airports studied in this 

research, and recognised as one of the major instruments used to cultivate 

more sustainable practices, as sustainability calls for cooperation from all 

parties involved.  

 

3) Implement water conservation programs that could include recycling 
grey water, storm water and recycled water, wherever appropriate. 
Recycled water could be used for many functions at the airport, such as 

irrigation, cleaning, cooling and heating, toilet flushing, and many more. 

Using recycled water can reduce water consumption at airports effectively.  

 

4) Improve the quality of water fittings at airport terminals to reduce 
water wastage. These could include but are not limited to utilising water 

efficient mechanisms such as installing low flow rate regulators, automatic 

taps, low flow taps, waterless and/or water efficient toilets using recycled 

water, smart irrigation system, smart water management system, etc. 

These practices have been undertaken at major international airports, and 

proven to be effective in reducing water wastage at airports. 

 

5) Improve structural design around airport vicinity to manage and 
minimise water ponding and flood risks especially for airports located 
on low-lying structures. Flood water and standing water from water 

ponding pose several risks, including health hazards, chemical cross-

contamination risks, personal injuries, and building structural risks. It is 

difficult to prevent or avoid floods as it is a natural occurrence. Therefore, it 

is essential to have in place measures to reduce the severity and impacts 

of it for airports prone to ponding and flood risks. Proper planning and 
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construction to manage flooding should be carried out in airport vicinity in 

order to achieve greater sustainability performance in water management 

practices. Airports should work with the local water authorities on the 

planning and implementation of preventive measures and activities in the 

airport vicinity. 

 

7.4.2 Sustainable emissions management practices 

Air transport generated 781 million tonnes of CO2 in 2015 (ATAG 2016a). This 

figure is likely to rise and contribute to the industry’s carbon footprint. Airport 

operators, policy-makers and airlines have also realised airport terminal 

management is contributing to the impact of climate change. Therefore, they 

can play a role in addressing these emissions from the operations of the 

business. There are many carbon emissions reduction practices undertaken by 

airports in the world. However, which is the most effective and widely used by 

sustainable airports in the world? Recommendations to reduce carbon 

emissions at airports will be discussed and also illustrated in Table 7.11 for 

easier reference. 

 

Table 7.11: Recommendations for the most effective emissions management 
practices at airports 

Areas Most Effective Emissions Management Practices at Airports 
Aircraft 
maintenance 

Installation of stationary aircraft energy supply systems (i.e. GPUs) at all 
stands/gates 

 Reducing emissions from aircrafts in air through penalty scheme for highly 
polluting aircrafts and collaboration with airlines companies 

Whole 
airport Air quality monitoring and metering programs  
Whole 
airport 

Utilise sustainable fleet at airports (i.e. airport vehicles include bus fleets, 
parking lot shuttles, terminal shuttles, airport maintenance vehicles, airport 
support vehicles, terminal support buggies, etc.) such as low emission, 
hybrid, electric, and other alternative fuel powered vehicles (e.g. 100% 
CNG, biodiesel, etc.)  

Outside 
airport 

Encourage cycling through enhancement in cyclist access to facilities (e.g. 
construct cycle trails, sports facilities with lockers, etc.) 

Whole 
airport 

Increase awareness of emissions mitigation strategies at airports through 
educational activities to all stakeholders of the airports 

Outside 
airport 

Comprehensive public transportation network, investment in light rapid 
transit to airport, subsidized public transport, flyaway program providing 
parking, and reduced rate bus service from remote locations to airports 

Whole 
airport Planning for development that complies with the GRI reporting standards 
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1) Implement air quality assessment program to monitor air quality at 
airports (i.e. indoor and outdoor). In almost all practices to promote 

sustainability, the monitoring program should be the first step. This is an 

important step as it provides valuable information of the current situation. 

Data collected from the monitoring process could be used to better inform 

future sustainability plans. More effective and efficient methods could then 

be developed to address emissions issues. 

 

2) Implement clean/alternative fuel vehicle program. Airport support is an 

integral part in airport operations. Most of the emissions are accountable 

for by fleets (i.e. GAV) used at airports. Therefore, the carbon emissions 

resulted from this function in airport operation should be accounted for. 

Cleaner vehicles such as low emissions vehicles, hybrid vehicles, electric 

vehicles, and other alternative fuel powered vehicles (e.g. 100% CNG, 

propane, hydrogen, biodiesel, etc.) should be utilised at airport. This 

practice to replace the usual fuel powered vehicles with more sustainable 

options will significantly reduce carbon emissions contributed by GAV at 

airports.  

 

3) Provide incentive programs to reduce carbon emissions from ground 
access vehicles. This program should be catered for and customised to 

various groups of stakeholders. For internal airport staff, this could be done 

with incentive programs such as a rebate program that provides financial 

incentive to carpool, take public transport, and cycle to commute to work. 

For air passengers, subsidised public transportation to airport terminals 

could encourage public transportations. These incentive programs could 

influence and motivate a change in stakeholders’ behaviour. This program 

has been proven successful in reducing carbon emissions from GAV 

source by various airports in the world such as London Heathrow airport 

and Paris Charles De Gaulle airport. 

 

4) Develop community programs to raise awareness on carbon 
emissions reduction initiatives undertaken at the airport. This could be 

done with informational workshops, print media display (e.g. leaflets, 
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poster, handbooks, guidance manuals, etc.), public service advertisement 

(PSA), electronic media (e.g. websites), social media (e.g. Facebook, 

Instagram, etc.) and many more. This helps to spread word-of-mouth and 

raise awareness on good environmental behaviour to reduce carbon 

emissions at airports. Sustainability can be achieved much more efficiently 

with the cooperation from all stakeholders of the airport.  

 

5) Set up right policies frameworks in future sustainability initiatives 
such as the inclusion of developments that complies with the Global 
Reporting Initiative (GRI) reporting standards. GRI reporting standards 

is by far the most comprehensive reporting standards as indicated in the 

review by most researchers in the field. Thus, it should be the framework 

that airports internationally should adopt in their future sustainability 

initiatives. 

 

6) Improve the efficiency of airport transportation through provision of 
a comprehensive public transportation network coupled with 
incentive programs to encourage participation. These incentive 

programs have been implemented at major international airports (e.g. 

Singapore Changi airport, London Heathrow airport, Perth International 

airport, etc.) and found to be effective in the control and reduction of carbon 

emissions from GAV source at airports. A comprehensive public 

transportation network includes light rapid transit to airport and public 

airport transfer services from major cities. Some effective incentive 

programs put in place by other major airports included subsidised public 

transport (such as reduced fare from remote locations, towns, etc.), and 

attractive long-term parking programs at designated locations (such as 

reduced parking rates at selected long-term parking).  

 

7) Encourage sustainable mode of transportation for daily logistical 
arrangement such as cycling. This could be achieved with enhancement 

in cyclist access to facilities such as proper planning in construction of 

cycling trails that leads to the airport, and sports facilities such as secure 

bicycle parking and storage, lockers, changing facilities, and showers. 
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Other additional facilities and equipment may include essentials like shower 

gels, clothes lines to dry wet clothes, iron and ironing board, hairdryers, 

bike repair kits, and bicycle pumps stations. The success rate of the 

program has been found to be directly proportionate to the facilities 

provided to make life easier for cyclist commuters. Paris Charles De Gaulle 

airport has proven this social program to be effective in reducing carbon 

emissions contributed from staff daily logistical arrangements. 

 

8) Install stationary aircraft energy supply systems (i.e. GPUs) at all 
stands/gates. Aircraft maintenance is another essential part in airport 

operation. Most airports have already in place these measures to reduce 

carbon emissions from aircrafts. This is one of the most common practice 

at all major international airports to reduce carbon emissions from aircrafts 

on the stand. 

 

9) Seek cooperation with airlines to reduce emissions from aircrafts in 
the air before landing and taking off (i.e. mixing zone) through initiatives 

like incentive programs to reward utilisation of more fuel efficient aircrafts, 

and penalty schemes to penalise highly polluting aircrafts. Airports need to 

deal with many airlines in daily airport operation, and airlines are exposed 

to different obligatory regulations and legislations at the place of origin 

where the company is registered. As there are differing regulations and 

legislations governing airlines from different regions of the world, a penalty 

scheme would warrant a more effective outcome in the reducing carbon 

emissions from aircrafts in the air. 

 

7.4.3 Sustainable waste management practices 

Waste management at airports is receiving more attention from airport 

operators in the effort to mitigate against the impact of climate change. There 

are many waste management practices to reduce and recycle solid waste 

generated at airports. The recommendations to improve waste management at 

airports are illustrated in Table. 7.12 for easier reference. 
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Table 7.12: Recommendations for the most effective waste management 
practices at airports 

Areas Most Effective Waste Management Practices at Airports 
Whole 
airport Recycle waste from airport offices, airport businesses and construction 

Whole 
airport Waste monitoring programs 

Aircraft 
maintenance Collaborate with airline companies in reducing waste from aircraft 

Whole 
airport 

Increase awareness of wastage management strategies at airports through 
incentive programs and educational activities to all internal stakeholders of 
the airports 

Whole 
airport 

Encourage recycling through workshops, strategic placement of recycling 
bins around the airport 

 

1) Plan and implement a comprehensive waste assessment program. 
This program provides an assessment on all sources of waste generation 

at the airport. The data gathered from this audit could be used to inform 

future sustainability initiatives in managing the different types of waste such 

as recycling initiatives for various types of waste. 

 

2) Implement recycling initiatives on all potential waste generated at the 
airport. This includes waste generated from administrative duties (e.g. 

papers), airport retail businesses (e.g. plastic bottles, glasses, paper 

packaging, etc.), construction (e.g. building waste, cement, bricks, etc.), 

and aircraft maintenance operations (e.g. papers, food wrappers, etc.). 

Recycling is gaining popularity at airports. It is dubbed as the future of 

sustainable waste management, because waste is inevitable in today’s 

fast-paced society. There is bound to be waste generated from airport 

operation. Some types of waste materials are indestructible and 

unrecyclable. Therefore, understanding and implementing recycling 

initiatives to ensure sustainable waste management is crucial. With 

effective waste management measures in place, waste from airports could 

be put to better use rather than in landfills that contribute to land pollution.  

 

3) Increase recycling effort at airport terminals through raising awareness 

on recycling programs undertaken at the airport. This could include, but not 

limited to the strategic placement of posters, leaflets, brochures, and 
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creative eye-catching recycling bin at airport terminals, the implementation 

of informative workshops that aim to induce a change in behaviour and 

contribute towards successful recycling habits, and many more similar 

activities to increase the word-of-mouth for these initiatives. 

 

4) Develop community programs to raise awareness on recycling efforts 
at the airport. Education is an integral part in any effort in order to achieve 

an anticipated outcome. People are also more willing to put in effort, and 

support a particular cause when the purpose is understood. Therefore, 

these awareness programs and activities (e.g. incentive programs, 

educational workshops, etc.) are important to bring about a positive change 

in the future outlook for recycling trends for the industry.  

 

5) Work to collaborate with airlines in reducing waste from aircrafts. 
Waste generated from aircrafts is inevitable. However, it could be 

minimised with proper measures in place and efforts from those involved. 

Hence, it is crucial to collaborate with airlines to reduce waste from aircrafts. 

Airlines should be encouraged to use recyclable materials and minimise 

wastage wherever possible in their operation, ensuring compliance in the 

aviation regulation and legislations on such issues. The encouragement 

could come in different forms such as an incentive programs, or a penalty 

scheme to encourage effective implementation of such programs and 

achieve the anticipated outcomes.  

 

7.4.4 Sustainable energy management practices 

Energy consumption at airports is known to be high due to the nature of 

operations. The activities and facilities at airports are energy intensive and the 

system governing the operations is rigid due to the regulations and legislations 

surrounding the industry. Without a doubt, airports and airlines have been 

adopting energy efficient practices to reduce energy consumed at airport 

terminals in the recent years. However, there is only one significant difference 

between sustainable airports and modern airports; and that is the focus on 

renewable energy sources. Sustainable airports place an emphasis on 
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renewable energy options at their terminals, apart from the common 

sustainable practices to reduce energy consumption. The recommendations on 

most effective energy management practices at airports are illustrated in 7.13 

for easier reference. 

 

Table 7.13: Recommendations for the most effective energy management 
practices at airports 

Areas Most Effective Energy Management Practices at Airports 
Whole airport Utilise energy efficient fittings and construction to reduce energy 

consumption inside airport terminals such as the implementation of: 
• Natural light (i.e. maximize the use of sunlight) 
• Double glazing to control indoor temperature and ventilation 
• On-demand facilities (e.g. motion sensors) 
• Low VOC paints 
• Preventive maintenance program for HVAC systems including 

duct cleaning and high efficiency air filters 
Inside airport Seek to achieve “green building” certification for existing buildings 
Whole airport Energy consumption monitoring and metering programs 
Whole airport Introduce renewable energy sources at the airport 

 

1) Implement a comprehensive energy monitoring and metering 
program to assess energy consumption at airport terminals. This is a 

crucial first step in all sustainability programs. The information gathered 

from the assessment could be used to better inform future sustainability 

plans. With better understanding on the sources of energy consumption at 

the airport, more sound strategies could be implemented to address energy 

intensive sources and reduce the GHG emissions resulted from this high 

energy consumption. 

 

2) Replace non-energy efficient fittings with energy efficient options to 
reduce energy consumption at airports. This should be the first step in 

the design and operational planning of airport terminal buildings such as in 

the construction and/or refurbishments of new and existing airport 

terminals. These energy efficient fittings recommended to achieve 

reduction in energy consumption are natural lights into the airport terminal 

to reduce energy consumption from light bulbs; double glazing at entrances 

of airport terminals to control indoor temperature, air quality and ventilation 

to reduce energy consumption to heat up or cool down the terminal during 

peak hours or periods; on-demand facilities such as sensored elevators 
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and travellators, sensored lights in toilets, sensored lights in lifts, etc. to 

reduce energy used to power these facilities; utilisation of low Volatile 

Organic Compounds (VOC) paints indoor to reduce health risks and 

hazards, as well as reduce energy consumed for better ventilation of the 

airport terminals; and preventive maintenance programs should be in place 

for the airport terminal Heating Ventilation and Air-Conditioning (HVAC) 

systems including duct cleaning and high efficiency air filters for energy 

efficiency. All mentioned are requirements to achieve green building 

certification for buildings at major airports in Asia, UK, and France. 

 

3) Introduce renewable energy sources at airport. Not many modern 

sustainable airports are utilising renewable energy sources at airport 

terminals. Only a few airports in the Europe region have reported to have 

used wind turbine, photovoltaic, geothermal, hydropower, biofuel 

technologies as part of their sustainable initiatives on utilising renewable 

energy sources at airports to supplement the energy supply required at the 

airports in their bid to mitigate against the impact of climate change. Almost 

all modern airports have practiced some forms of energy consumption 

methods to reduce energy consumption. Hence, it is crucial that airport 

operators consider introducing renewable energy sources at airports to 

further the goal towards achieving a more sustainable aviation in the future; 

as renewable energy sources could significantly reduce the carbon 

emissions generated from the operations of airports, air travel and aircrafts. 

The utilisation of renewable energy sources should be given more 

emphasis in all airport sustainability initiatives as it is the next step after all 

the initial methods to reduce energy consumption at airports. Renewable 

energy not only contribute to the mitigation effort against the impact of 

climate change, but also social and economic development. However, 

deployment of renewable energy technologies largely depends on the 

climate and policy-makers to warrant a satisfactory result in the increase in 

investment in renewable energy technologies and infrastructures. Hence, 

the success rate to implement renewable energy options at airport is higher 

with the cooperation of more stakeholders involved in the decision-making.  
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4) Seek to achieve “green building” certification with the local land 
authority to ensure energy efficiency for existing airport terminals and 
buildings. With most green building certifications, the outcome is 

sustainable building that uses the least energy required to power and run 

the place. As most modern airport buildings have certified to be ‘green 

buildings’, the concern is with existing buildings that are older and not as 

energy efficient due to the lack of knowledge and advanced technologies 

at the time of the construction. Therefore, it is crucial that airport operators 

place more emphasis on the level of energy efficiency of older existing 

buildings in the effort towards a more sustainable aviation. 

 

7.4.5 Renewable energy options 

Renewable energy sources are the future of sustainability in the aviation 

industry as there are only that much to do after reduction in carbon emissions 

from fuel and energy consumptions in the daily operations of the business. 

 

1) Additional policies from policy-makers are required and necessary to 
increase investments in renewable energy technologies and 
infrastructures. Renewable energy sources are the future of sustainability 

in the aviation industry. It is the policy-makers’ responsibilities to increase 

the utilisation of renewable energy sources in the industry, with efforts 

made to attract increases in investment into renewable energy technologies 

for a more sustainable air travel in the near future.  

 

2) Policy-makers and airport operators should work together with 
renewable energy providers and manufacturers to promote the usage 
of renewable energy sources at airports wherever and whenever 

possible. It could be done through the means of collaborative effort on 

knowledge sharing and technologies transfer specifically on renewable 

energy; such as a voluntary initiative platform for all businesses in the 

aviation industry. This platform should be based on the current 

commitments of aviation sustainability to implement universal sustainability 

objectives. It will serve as a platform for companies to share knowledge and 
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benefit from the knowledge and technologies transfer amongst members in 

the initiatives. Ultimately, the main objective to achieve greater 

sustainability in aviation sector could be achieved. 

 
3) Airport operators should continue to focus on contributing new and 

more effective sustainable initiatives to mitigate the impact of climate 
change in airport terminal management. With the positive outcomes 

from environmental sustainability, social and economic sustainability will 

follow. Airport operators should work towards improving the existing 

initiatives undertaken at airports at all times.  

 

7.4.6 Programs to induce behavioural change 

1) Airport operators and policy-makers should implement programs to 
raise awareness on the impact of climate change on air travel. The 

public would require understanding on the issues affecting them in order to 

participate in them. With more understanding on the current issues on 

climate change from the effect of air travel, the public would be more 

inclined to contribute to the effort in the mitigation of climate change. 

Community satisfaction and corporate responsibility are the two most 

important factors that drive both current and future sustainability initiatives 

at airports. This means satisfying stakeholders is the top most priority of 

airport operators around the world. Corporate social responsibility 

encompasses the economic, legal, ethical and discretionary expectations 

of stakeholders, which also means that the fulfilment of these 

responsibilities could lead to satisfaction from the community. Therefore, 

airport operators need to ensure delivering the right message to the 

stakeholders to bring about better understanding and achieve the 

anticipated sustainability performance. Awareness programs could include, 

but are not limited to activities such as public services advertisement 

addressing the impact of air travel on climate change on mass media (e.g. 

TV, radio, social media, etc), and other printed media advertisements such 

as posters, billboard, etc. 
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2) Airport operators and policy-makers should focus on increasing the 
public understanding on the ‘fly carbon neutral’ programs and how it 
contributes towards the mitigation against climate change. It is clear 

that air travel will not decrease in the near future as denoted in many 

studies reviewed in this research. On the contrary, it will continue to rise as 

anticipated. Therefore, it is crucial to raise awareness of the “fly carbon 

neutral” program and its benefits to all air travellers to encourage and 

increase participation into the program. With better understanding on the 

program and its effect on climate change, it could improve receptiveness 

on this type of program, and hopefully increase air travellers “willingness to 

pay”. 
 

3) Airport operators should organise awareness programs and activities 
catered to different stakeholders of the airport to promptly update 
current sustainability efforts. Sustainability concerns all stakeholders 

and it should be an effort by all instead of just a few. The current 

sustainability initiatives are dependent on the state regulations and 

legislation imposed on the airports, followed by the airport policy, federal 

regulations and legislations, corporate social responsibility and stakeholder 

concerns. However, the driving forces for future sustainability initiatives are 

dependent on stakeholder concerns, then global trends, airport policy, 

corporate social responsibility and federal regulations and legislations. This 

showed that public opinions are valued and also important in the decision-

making process for future sustainability initiatives at airports. Awareness 

programs could include programs to raise awareness of water wastage at 

airports, recycling initiatives at airport with recycling bins, and many more. 

It will also be good practice to run polls that sought all stakeholders’ 

opinions on certain sustainability efforts yet to be implemented. The 

opinions gathered from all stakeholders of the airport could be used to 

inform future airport policy. 
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7.4.7 Policy change 

1) Policy-makers should introduce additional subsidies programs to 
assist airport operators in their sustainability programs at airports. 
The most common barrier to sustainability efforts at airports is the lack of 

funding. The lack of funding is the main problem to further sustainability 

initiatives at most airports across the globe. Therefore, policy-makers 

should implement policies to support airport operators in the effort towards 

sustainability in the industry. Subsidies in the form of monetary support to 

airports could make a significant difference to the mitigation effort against 

climate change. The benefits from these programs will provide sufficient 

support to airports in the form of more staff and resources to achieve their 

environmental objectives in sustainability, and also economic and social 

benefits.	  
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Chapter 8 Conclusion and Future Work 
 

8 Introduction 
 

This chapter presents the key results of the research and proposes 

recommendations for future research opportunities. 

 

The journey to sustainability was fraught with challenges. Policy-makers, airport 

operators, and air travellers need to be aware of the current impacts of climate 

change and how their actions could contribute to both the degradation and 

improvement of sustainability in air travel. 

 

Although companies in the aviation industry, in particular to aircraft 

manufacturers, have worked together to mitigate climate change as stated in 

the report by ATAG (2016b) with more sustainable aircrafts, it is still insufficient 

to make significant changes in the whole industry, even with the design 

overhaul of aircrafts to improve fuel efficiency over the years. 

 

The implementation of carbon tax and emission trading schemes have been 

imposed and repealed in countries by policy-makers, and the effectiveness of 

these schemes are debatable, with experts in the field on both sides of the 

spectrum (The Guardian 2014; SBS News 2016; Li 2008; Lo 2015; ATAG 2015; 

Freeman and Li 2016; Powell 2016; Mideksa and Kallbekken 2017; CTC 2017). 

Countries like New Zealand and Europe are examples of those who have 

benefitted greatly from a carbon tax and successfully reduced carbon 

emissions in their countries (The Guardian 2014). However, countries such as 

Norway and Australia was reported to have failed where carbon emissions were 

increased by 41% and reduced by 1.4% respectively (The Guardian 2014). The 

effectiveness of a carbon tax has always been controversial; hence, this study 

developed a survey to investigate and seek the opinions from airport managers 

on sustainability issues at airports.  

 



  216	

The survey results show most respondents to be against a carbon tax imposed 

to the aviation industry. It was seen to be ineffective compared to voluntary 

environmental schemes, as aviation is a relatively small industry compared to 

other carbon-intensive industries. Therefore, many respondents of this study’s 

survey believe that a carbon tax could negatively impact the economical aspect 

of the entire industry.  

 

A thorough review of the literature available at the time of this research was 

undertaken in the course of study. Works and researches available in the body 

of knowledge ranging from both academia and industry were covered. These 

works include the legislations and regulations governing aviation sector, 

determinant factors of carbon pricing models, carbon accountability models, 

airport emission inventory studies, sustainable practices at renowned 

sustainable airports in the world, and industry research studies on sustainable 

practices in the perspective of sustainable terminal management.  

 

A comparative analysis study on three industrial studies touched on issues, 

such as policies and reporting standards, sources of airport emissions and 

pollutions, energy consumption, water wastage, barriers and drivers to 

sustainability initiatives at airports, carbon tax, the impact of climate change, 

and also sustainable practices undertaken at airports. However, it was not 

comprehensive enough to define accountability of carbon emissions resulting 

from air travel. 

 

It is crucial to understand the accountability of direct and indirect producers of 

carbon emissions in the scenario of air travel in order to effectively reduce 

environmental impact from these activities. Carbon leakage could significantly 

affect accountability in the process of carbon footprint in the supply chain, from 

production to end consumption. Carbon sequestration, on the other hand, has 

limitations that is dependent on the species of floras and geographical climate 

of the forests. Hence, it is imperative to understand the underlying issues before 

recommendations could be made to reduce the carbon footprint. 
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A process flowchart was developed. These flowcharts depict an average air 

passenger’s travel schedule and helped to better understand and identify the 

sources of emissions at each stage in the process of air travel. It revealed that 

carbon emissions began upon the arrival of the air passenger outside of the 

airport, and continued on to the arrival of the aircraft at the destination airport. 

With the discovery of the points of emissions, the next step was to target 

sustainability initiatives at those identified areas. 

 

Airports known for immersed sustainability efforts are usually resource rich and 

happened to be one of the main international airport of a country. This 

questioned the integrity of the sustainability efforts made by policy-makers and 

airport operators. How about other smaller airports in the country? Hence, to 

build a more sustainable aviation industry, there needed to have more 

awareness and engagement from the policy-makers on the current trends in 

the industry; for they were found to be responsible for creating carbon 

pressures at airports. They could make a difference to improve in the area of 

sustainable practices at airports. The problem found to be implicating the 

sustainability effort at airports was the lack of uniformity in the legislations and 

regulations governing these issues at different airports in the world. This made 

achieving sustainability in the industry the more difficult. 

 

Most sustainable airports were also found to be merely undertaking what were 

stipulated in the mandatory reporting standards applicable to their airports. A 

lack of awareness and engagement from employees was the main deterrent to 

both current and future sustainability initiatives at airports, made worse with a 

lack of resources and environmental awareness.  

 

London Heathrow Airport was one of the most sustainable airport voted by 

respondents in this study’s survey. Other European airports were also seen to 

be more sustainable, in comparison to those in the Middle East, Oceania, and 

Asia. The main difference in the sustainability effort made by these airports with 

those in the EU region was the utilisation of renewable energy options in the 

operation of airports. This is attributed to the EU ETS legislations and 
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regulations which required more compliance in energy efficiency at airports 

including the utilisation of renewable energy sources.  

 

The outcomes of the research also pointed to a more effective way to mitigate 

climate change through the implementation of renewable energy options at 

airports. Research shows that airports utilising renewable energy sources such 

as Paris CDG airport, London airport, Manchester airport, and some airports in 

the USA and Asia have shown significantly positive results achieved in the 

reduction of GHG emissions at the airport (Aeroports de Paris 2011; Heathrow 

airport 2011; Kandt and Romero 2014).  

 

With so many successful case studies of airports and proven results on the 

effectiveness of renewable energy sources, policy-makers should invest to 

encourage greater participation in the utilisation of renewable energy options at 

airports. Other sustainable practices commonly implemented to reduce energy 

consumption at airports included the utilisation of energy efficient options 

throughout the terminal buildings where appropriate, as well as sustainably 

designed airport terminal buildings certified to the local sustainable buildings 

standards. With the most effective sustainability initiatives in place including the 

utilisation of renewable energy options, when coupled with the comprehensive 

GRI reporting standards frameworks, greater consistency in sustainability 

management and performance in the aviation industry could be achieved. 

 

The top air polluters at airports were found to be exhaust fumes emitted from 

vehicles visiting the airport and utilising carpark facilities. To target emissions 

from these sources, most airports reported a comprehensive network of public 

transportation for airport transfer from major cities. Other methods include 

customised incentive programs designed to encourage various groups of 

stakeholders of the airports to reduce the need to drive personal vehicles to the 

airports. Airlines companies have also implemented “fly carbon-neutral” 

programs embedded in the ticket prices to encourage air passengers to offset 

those emissions resulted from their air travel. However, it was not proven to be 

successful as not many passengers participated. The failure of the program 

was attributed to the lack of awareness, and thus it would be helpful to increase 
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the awareness on such programs to contribute to sustainability in air travel. The 

benefits of greater understanding on these programs will lead to better chance 

on increasing consumer’s willingness to pay for them. 

 

All other sustainability initiatives undertaken at airports in all the different areas 

aimed to reduce carbon emissions, energy consumption, waste generation, 

water wastage, and noise pollution at airports are gathered from this research. 

The results find that airport activities that generated the most waste was 

reported to be airport retailing, check-in services, mandatory fire drills, and the 

construction and refurbishment of airport buildings. The most effective waste 

management practices were found to be waste audit and recycling initiatives, 

community awareness programs, and incentive programs to induce change in 

behaviour and contribute to the successful implementation of the sustainability 

programs. 

 

The utilisation of cleaner and alternative fuel-powered fleet of airport support 

vehicles was what most airports did to reduce carbon emissions outside of the 

airport terminals. The most effective water management initiative reported was 

the utilisation of water-efficient fittings and mechanisms to reduce water 

wastage at terminals. Other initiatives to reduce water wastage included 

recycling greywater and storm water. Water management initiatives at airports 

varies greatly according to the climate conditions of the regions where the 

airports are situated. A comprehensive noise impact assessment program was 

reported by all airports surveyed in their initiatives in noise management. No 

significant differences were observed in the area of noise management for 

airports in different regions. It was also reported that all airports provided formal 

training to their staff in the area of noise management in comparison to other 

areas mentioned.  

 

Airport staff are not always provided with sufficient formal training to take on 

effective reporting. This said, areas stipulated in the voluntary and/or 

mandatory environmental reporting programs undertaken by airports, as part of 

the airport sustainability strategy to monitor airport sustainability performance, 

were usually covered in formal training programs. All airports surveyed and 
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reviewed have participated in some forms of voluntary and/or mandatory 

reporting programs to monitor the sustainability index of their airports. 

 

The aviation industry has struggled with challenges in the implementation of 

sustainability initiatives in all aspects of aviation services since the last decade. 

By considering and adopting the measure described in this research study, all 

stakeholders in the industry can further improve the environmental 

sustainability performance of the industry. 

 

 Future work 

 

The objectives of the research study had been achieved. Having said that, the 

participation rate for the research survey was far from satisfactory from the 

anticipated 50% minimum response rate. It would have been a more 

comprehensive research study if the anticipated response rate was achieved. 

There were many issues faced in the line of research and the main problems 

include: 

• Limited knowledge and literature in this field at the time of the research 

study 

• Volatile changes in the legislations and regulations governing the aviation 

sector such as the introduction of the carbon tax, Kyoto Protocol, Paris 

climate change agreement, etc. 

• Inconsistency in reporting standards including both voluntary and 

mandatory, implemented at airports in different states, countries and 

regions of the world 

• Uniformity of available reporting programs used by airports from different 

states, countries and regions 

• Lack of awareness and engagement from personnel in the aviation industry 

including airport managers, airport management, and aviation 

environmental agencies and bodies. 

  

The problems listed above are prohibiting further research effort to contribute 

into the knowledge on sustainability at airports and terminal management. 
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Thus, the proposed recommendations for future work would be derived from 

those issues: 

• What causes the lack of awareness and engagement from personnel at 

airports? 

• What are the best sustainability policies for government to adopt and 

implement as mandatory reporting standards that are applicable to airports 

in different states, countries and regions? 

• What could be the most effective way to ensure sustainability effort 

undertaken at all airports in the world? (i.e. a voluntary initiative that 

communicates the airport’s fundamental responsibilities in sustainable 

practices in the dimension of emission, energy, waste, noise and water 

management strategies. 

• How could this be communicated across all continents and become a 

reality? 

 

The finding from this research would assist in the understanding of greater 

sustainability at airports and contribute to the knowledge in addressing the 

impact of air travel on climate change.  
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Appendices 

Appendix 1: Information sheet of survey 
 

 
 
  

 
SUSTAINABLE PRACTICES AT AIRPORTS SURVEY 

AND 
SCHOOL OF INFORMATION SYSTEM, CURTIN UNIVERSITY (BENTLEY, WA) 

“Sustainable	Practices	at	Airports	Survey”	is	part	of	a	Master	of	Philosophy	research	enrolled	in	School	of	Information	
System,	 Curtin	 Business	 School	 in	 Curtin	 University	 of	 Technology.	 This	 research	 is	 to	 collect	 information	 collect	
information	on	sustainability	practices	implemented	at	various	international.	The	information	from	this	survey	will	be	
used	to	provide	 insights	 into	those	 issues	currently	 influencing	sustainability	performances	at	 international	airports.	
This	survey	will	ask	respondents	to	assess	the	different	aspects	of	sustainability	at	their	airports	based	on	the	triple	
bottom	 line	 –	 environmental,	 economic	 and	 social	 sustainability	 performance.	 It	 will	 be	 based	 on	 the	 Bruntland	
commission	 of	 sustainable	 development;	 which	 sees	 sustainability	 as	 “development	 that	 meets	 the	 needs	 of	 the	
present	 without	 compromising	 the	 ability	 of	 the	 future	 generations	 to	 meet	 their	 own	 needs”	
(http://www.unece.org/oes/nutshell/2004-2005/focus_sustainable_development.html).	

The	survey	also	identifies	regulations	and	airport	policies,	drivers	and	barriers	to	the	implementation	of	sustainability	
initiatives,	stakeholder	concerns.	

The	research	will	draw	on	surveys	to	provide	an	insight	 into	likely	scenarios	for	adaptation	to	climate	change	in	the	
aviation	sector.	This	survey	is	an	extension	of	the	survey,	“Airport	Sustainability	Practices”	done	by	the	International	
Transportation	Research	Board	as	part	of	their	airport	cooperative	research	program.	The	research	aims	to	contribute	
to	 sustainability	of	 air	 travel	 in	 the	 face	of	 climate	 change	by	 improving	options	 for	 adaptation	 through	 supportive	
planning	and	policy,	and	more	efficient	airport	terminals	to	reduce	carbon	emission.		

All	information	you	provide	through	this	research	will	remain	confidential	to	the	research	team.	The	outputs	of	the	
analysis	will	 be	 in	 coded	 form	 that	provides	general	 information	on	 sectors.	Recommendations	 that	arise	 from	 this	
research	will	be	presented	in	the	form	of	aggregated	information	that	cannot	be	traced	back	to	individuals.	Please	feel	
free	to	be	explicit	and	precise	in	your	responses	without	fear	of	exposure.	This	survey	is	entirely	voluntary	and	you	are	
not	obligated	 to	 finish	 the	 survey	and	 can	withdraw	at	 anytime.	 If	 you	need	 further	 information	on	 the	process	of	
making	the	results	available	to	the	research	partners,	please	feel	free	to	ask	at	any	time	during	the	survey	process,	or	
afterwards	through	the	contact	details	provided.	

A	summary	of	the	research	results	will	be	made	available	(by	mail	or	email)	to	all	interested	study	participants.	Please	
complete	your	details	at	the	end	of	the	survey,	or	use	the	address	below	to	make	your	request.	In	addition,	academic	
papers	will	provide	the	results	from	this	work	to	the	wider	academic	community.	

This	study	has	been	approved	under	Curtin	University's	process	for	lower-risk	Studies	(Approval	Number	xxxx).	This	
process	complies	with	the	National	Statement	on	Ethical	Conduct	in	Human	Research	(Chapter	5.1.7	and	Chapters	
5.1.18-5.1.21). For	further	information	on	this	study	contact	the	researchers	named	below	or	the	Curtin	University	
Human	Research	Ethics	Committee.	c/-	Office	of	Research	and	Development,	Curtin	University,	GPO	Box	U1987,	Perth	
6845	or	by	telephoning	9266	9223	or	by	emailing	hrec@curtin.edu.au.	 
 
 

Program contacts are: 
Valencia Lo 

(+618) 9266 9847 
Yeewen.lo@postgrad.curtin.edu.au  

 

Principal Investigator 

Vidy Potdar 
(+618) 9266 9847 

Vidyasagar.Potdar@cbs.curtin.edu.au  
 

Supervisor 
 

Michele Rosano 
(+618) 9266 1286 

m.rosano@curtin.edu.au  
Supervisor 

	
Curtin	University			

Kent	Street,	Bentley,	WA	6102,	Australia  
Phone: +61 8 9266 9266 
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Appendix 2: Consent form of survey 
 

 
  

 
 
 
 
 
 
Consent Form 
 
I have been informed of and understand the purposes of the study and I understand I can withdraw at any 
time without prejudice. I agree to participate in the study as outlined to me on the information sheet. 
 
Name:   _________________________ 
 
Signature: _________________________ 
 
Date:  _________________________ 
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Appendix 3: Sustainable practices at airports survey 
 

 
 

                  

Sustainability Practices at Airports Survey 
 
 

GENERAL AIRPORT INFORMATION 
 

 

 

 
 

EXISTING SUSTAINABILITY INITIATIVES 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. What is the size of your airport? (unit: km2) 
< 10 10 – 20 20 – 30 30 – 40 > 40  (please state) 

2. What is the annual number of passengers at your airport? (M = Million) 
< 5M 5M – 10M 10M – 15M 15M – 20M > 20M  (please state) 

3. How many tenants in total at your airport? 
< 10 10 – 20  21 – 30  > 31 Other: (please state) 

4. Please rank the top 5 drivers of your EXISTING sustainability initiatives at the airport 
National legislations and regulations 1 2 3 4 5 State legislations and regulations 1 2 3 4 5 

International legislations and regulations 1 2 3 4 5 Airport policies 1 2 3 4 5 

Global trends (ie. Climate change) 1 2 3 4 5 Community satisfaction 1 2 3 4 5 

Government/Economic incentives (ie. 
rebates) 

1 2 3 4 5 
Corporate responsibility 

1 2 3 4 5 

Don’t know 
1 2 3 4 5 

Other: (please state) 
 
 
 

1 2 3 4 5 

5. Please state the top 3 barriers to your current EXISTING and FUTURE sustainability initiatives at your airport 
with 1st being your biggest barrier (eg. budget constraints, time constraints, lack of support from 
management, etc) 

EXISTING FUTURE 
1st   1st   
2nd   2nd   
3rd   3rd   

PLACE & CODE 
ID NUMBER 

Consent initials 
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POLICIES AND REPORTING STANDARDS 
 

 

 

 
 
 

 
 
 
 
 
 
 
 

6. Does your organization provide staff training on the following issues? 

Environmental and biodiversity protection and conservation of natural resources 
(Name of your internal/external program that trains staff in this area:) 
 
 
 
 
 

£ 

National regulations and legislations on carbon emissions that applies to the airport  
(Name of your internal/external program that trains staff in this area:) 
 
 
 
 
 

£ 

International regulations and legislations on carbon emissions that applies to the airport  
(Name of your internal/external program that trains staff in this area:) 
 
 
 
 
 

£ 

Noise and pollution control 
(Name of your internal/external program that trains staff in this area:) 
 
 
 
 
 
 

£ 

7. Please state the environmental and reporting standards used to monitor sustainability performance at your 
airport 

 

8. Please indicate if your airport is investing and supporting R&D which contributes towards environmental 
protection and conservation of natural resources 

Not doing anything 
(please state the reason) 
 
 
 
 
 
 
 

£ Planned 
(Describe the activities) 
 
 
 

£ In progress 
(Describe the activities) 
 

£ 
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ENVIRONMENTAL SUSTAINABILITY (WATER) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9. Please indicate which stage your airport is at in managing the following sustainability functions.  
        (please state the date which this is effective till completion in the following format - ddmmyyy) 
 

   
Not 

applicable 

 
Planned 
(please 
state) 

 

 
In 

progress 
(please 
state) 

 
Environmental 
Sustainability 

(Water) 
 

Increasing water efficiency 
 

£ £ £ 

Recycling greywater 
 

£ £ £ 

Recycling rainwater (eg. Irrigation, fire-fighting, sanitation, 
cooling purposes, etc) 
 

£ £ £ 

Minimizing water ponding and flood risks 
 

£ £ £ 

Utilize flow rate regulators at wash basins to reduce water 
wastage 
 

£ £ £ 

Encourage through education of tenants on water efficient 
fittings in their premises 
 

£ £ £ 

Utilize water efficient toilets using recycled water 
 

£ £ £ 

Monitoring water quality 
 

£ £ £ 

Encourage adoption of sustainable behaviour by airport staff 
and tenants through workshops on environmental 
sustainability to increase awareness and practice of 
sustainable behaviour 
 

 
£ 

 
£ 

 
£ 

Other: (please state) 
 
 
 

£ £ £ 
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ENVIRONMENTAL SUSTAINABILITY (AIR / EMISSIONS) 
 

10. Please indicate which stage your airport is at in managing these different aspects of sustainability 
        (please state the date which this is effective till completion in the following format - ddmmyyy) 
 

   
Not 

applicable 

 
Planned 
(please 
state) 

 

 
In 

progress 
(please 
state) 

 
Environmental 
Sustainability 

(Air / Emissions) 
 

Participate in a voluntary emissions monitoring program £ £ £ 
Reducing emissions from aircraft during taxiing 
 

£ £ £ 
Reducing emissions from aircraft in air (ie. influencing descent 
patterns– 300m above ground) 
 

£ £ £ 

Reducing emissions from airport vehicles (ie. trolley collection 
vehicles, staff transportation, etc) 
 

£ £ £ 

Installation of power sockets at the main sites to replace diesel 
GPU and APU for aircrafts on the stands 
 

£ £ £ 

Introduction of electricity powered airport buses/trains for 
transfers between airport terminals 
 

£ £ £ 

Joint effort with airlines and ground support crew to better 
understand and operate against stricter standards in the 
operating standards instruction (OSI) 
 

£ £ £ 

Encourage airlines to use cleaner fleets at the airport through 
negative reinforcement (eg, impose a levy on NOx landing 
charges) 
 

£ £ £ 

Emissions forecasts conducted for the next 5 years to make 
more informed decisions  
 

£ £ £ 

Working closely with industry partners and regulators to better 
understand the trade-offs between noise and aircraft emissions 
 

£ £ £ 

Use low emission vehicles at the airport (eg. LPG, NGV and 
electricity) 
 

£ £ £ 

Work closely with local cab/taxi firms by awarding contracts to 
those using cleaner vehicles (eg. Hybrid vehicles) 
 

£ £ £ 

Monitoring air quality 
 

£ £ £ 

Installation of network of video conference rooms and office 
spaces to reduce need for travel during work days 
 

£ £ £ 

Incentivize staff to encourage public transport and/or carpooling 
for daily travel 
 

£ £ £ 

Reduce emissions around airport precinct through enhancing 
cyclist access  
 

£ £ £ 

Reduce emissions around airport precinct through supporting 
public transportation (airport transfers, rail link, shuttle bus, etc) 
 

£ £ £ 

Encourage adoption of sustainable behaviour by airport staff 
and tenants through workshops on environmental sustainability 
to increase awareness and practice of sustainable behaviour 
 

£ £ £ 

Other: (please state) 
 

£ £ £ 
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ENVIRONMENTAL SUSTAINABILITY (WASTE) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

11. Please indicate which stage your airport is at in managing these different aspects of sustainability 
        (please state the date which this is effective till completion in the following format - ddmmyyy) 
 

   
Not 

applicable 

 
Planned 
(please 
state) 

 

 
In 

progress 
(please 
state) 

 
Environmental 
Sustainability 

(Waste) 
 

Reducing waste from administrative areas – in particular paper 
waste 
 

£ £ £ 

Reducing waste from aircrafts – in particular F&B packaging 
waste 
 

£ £ £ 

Monitor waste production from the airport 
 

£ £ £ 

Monitor waste production from mandatory fire drills 
 

£ £ £ 

Promote recycling efforts through placing recycling bins around 
the airport 
 

£ £ £ 

Recycle waste materials to minimize waste generation (eg. 
Recycled concrete is used to construct roadways. Pavements, 
drains and kerbs; recycled materials are used to rehabilitate 
taxiway pavements, etc) 
 

£ £ £ 

Incentivise tenants to encourage recycling of waste products 
 

£ £ £ 

Incentivise tenants to encourage selection of environmentally 
friendly materials/packaging in their product offering (ie. 
biodegradable, recyclable, etc) 
  

£ £ £ 

Encourage adoption of sustainable behaviour by airport staff 
and tenants through workshops on environmental sustainability 
to increase awareness and practice of sustainable behaviour 
 

£ £ £ 

Other: (please state) 
 
 
 

£ £ £ 
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ENVIRONMENTAL SUSTAINABILITY (ENERGY) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

12. Please indicate which stage your airport is at in managing these different aspects of sustainability 
        (please state the date which this is effective till completion in the following format - ddmmyyy) 
 

   
Not 

applicable 

 
Planned 
(please 
state) 

 

 
In 

progress 
(please 
state) 

 
Environmental 
Sustainability 

(Energy) 
 

Utilize energy efficient options for assets and equipment (eg 
security devices, machines, etc) 
 

£ £ £ 

Install and utilize photovoltaic cells, thermal solar panels at 
terminal 
 

£ £ £ 

Encourage renewable energy options in aircraft maintenance 
 

£ £ £ 

Introduce renewable energy sources at the airport 
 

£ £ £ 

Installation of double glazed glass and doors and solar shading 
devices to minimize heat gained from sunlight (ie. to reduce 
energy consumption on climate control at the terminals) 
 

£ £ £ 

Installation of motion sensors throughout terminal to reduce 
unnecessary energy waste  
 

£ £ £ 

Utilize natural lighting in terminal where possible 
 

£ £ £ 

Seeks to achieve green building certification for EXISTING 
terminal buildings 
 

£ £ £ 

Seeks to achieve green building certification for NEW terminal 
buildings 
 

£ £ £ 

Seeks to achieve green building certification for EXISTING 
renovations and retrofits 
 

£ £ £ 

Introduce renewable energy sources at the airport 
 

£ £ £ 

Encourage adoption of sustainable behaviour by airport staff 
and tenants through workshops on environmental sustainability 
to increase awareness and practice of sustainable behaviour 
 

£ £ £ 

Other: (please state) 
 
 
 

£ £ £ 
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OTHER SUSTAINABILITY INITIATIVES AND BARRIERS 

 
 

(Please state) 

 
 
 
 
 
 
 

 
 
 

FUTURE SUSTAINABILITY INITIATIVES 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13. Please indicate below if there are other sustainability initiatives implemented at your airport which have not 
been captured in the survey 

14. Please rank the top 5 drivers of your FUTURE sustainability initiatives at the airport 
National legislations and regulations 1 2 3 4 5 State legislations and regulations 1 2 3 4 5 

International legislations and regulations 1 2 3 4 5 Airport policies 1 2 3 4 5 

Global trends (ie. Climate change) 1 2 3 4 5 Community satisfaction 1 2 3 4 5 

Economic incentives (ie. rebates) 1 2 3 4 5 Corporate responsibility 1 2 3 4 5 

Don’t know 1 2 3 4 5 Other: (please state) 1 2 3 4 5 

15. Please state three sustainability priorities for your airport in the next 5 years according to their importance 
(eg, environmental, economic, social, etc) 
1st   
2nd   
3rd   
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THE CARBON TAX 

 
 

(Please state) 

 
 
 
 
 
 
 

 
 
17. Who benefits most from a carbon tax and why? (tick one) 

Government £ Airlines £ Communities £ 

Airports £ Industries / airport tenants £ 
Don’t know 

 £ 
Other: (please state) 
 £ 

 
 
18. What is the MOST IMPORTANT benefit of the carbon tax for the aviation industry? (tick one) 

 
Cleaner Environment £ Environmentally accountable 

business practices 
£ New economic opportunities  

(ie. ‘green’ jobs) 
£ 

Reduce GDG production £ More research on bioethanol 
(ie. alternative fuel for 

aircrafts that is 
biodegradable) 

£ Don’t know £ 
Other: (please state) £ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16. Do you think carbon tax legislation is necessary in managing carbon emission in the aviation industry? 
Yes No Not sure 
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CARBON EMISSION 

 
 
19. How do you think climate change has affected airline travel? 

Has not been affected £ 
Lesser travel and more social 

media (ie. Skype, facebook 
chat, etc) 

£ More frequent online 
conferences and meetings, etc £ 

 Consolidate travel  £ More meeting at airport 
boardrooms £ Don’t know £ 

Other: (please state) 
 
 

£ 

 
 
20. Who do you believe is mostly responsible for creating carbon emission pressures at the airport?  
        Choose 3 and rank from “1” being most responsible and “3” being least responsible. 

Airport Managers 1 2 3 Government 1 2 3 

Those travelling and/or indirectly causing emissions  
(ie. airline passengers; airport visitors, non travellers, airport businesses)  

 
1 2 3 

Don’t know 
 
 

1 2 3 

Other: (please state) 
 
 
 

 

1 2 3 

 
 
21. Which of the following do you think is the most effective in reducing the impact of climate change on air 

travel? 
 Choose 3 and rank from “1” being most responsible and “3” being least responsible. 

Plant more trees 1 2 3 Replace non energy 
efficient equipment 1 2 3 Educate public on effects of 

climate change 1 2 3 

Reduce energy 
consumption 1 2 3 Support recycling 1 2 3 

Implement more government 
subsidised climate change 

mitigation programs 
1 2 3 

Renewable energy 
options 

(ie. green power) 
1 2 3 

More sustainable modes 
of transport to the airport 
for travellers and airport 

staff 

1 2 3 Don’t know 1 2 3 

Other: (please state) 
 
 

1 2 3 
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SUSTAINABLE AIRPORTS 

 
 

 
 

(Please state) 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

22. Please state the top 3 sustainable airports (international / domestic) in your opinion? 

1st   
2nd   
3rd   

23. Given current pressures on climate change and the need to reduce carbon emissions, do you think the 
modern airports should be more sustainable and why? 
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24. Which of the following are important requirements for sustainable airport and terminal management?  
        (Check all that applies) 
 
Eg. Green airport buildings / Airports should install and utilise alternative energy (eg. Solar and geo-thermal energy, etc) 
 
Area 

 
Whole airport 

More recycling bins to promote recycling 

efforts 
 

£ Don’t know £ 

More energy efficient fixtures (eg, smart 
energy management) 
 

£ Other: (please state) 
 

Employ green building standards 
 

£ 

Install double glazed doors for efficient 

climate control at the airport 
 

£ 

Introduction of fuel efficient fleets for airport 

support vehicles 
 

£ 

Incentivize sustainability efforts among 
airport tenants and businesses (ie. 
discourage plastic bags, encourage 

recyclable utensils, etc) 
 

£ 

 
Outside Airport 

Conservation of surrounding bushland and 

cultural/heritage sites  
 

£ Don’t know £ 

Plant more trees 

 
£ Other: (please state) 

 
Provide sustainable modes of transportation 
to the airport for staff and travellers 

 

£ 

More convenient drop-off/pickup spots 
 

£ 
 

Check-in Process 
Automated baggage check-in systems 
 

£ Don’t know 
 

 

£ 

Less printed materials (ie. bagagge tags / 
matrix codes on smartphones for check0in, 

etc) 
 

£ Other: (please state) 

More energy efficient devices and machines 

used for check-in process 
 

£ 

 
Security Check Process 

More efficient security screening systems for 

baggage and/or personal effects (ie. energy 
efficient) 
 

£ 
 
 

Don’t know 

 
£ 

Other: (please state) 
 
 
 
 

 

 
Pre-departure Lounge 

Water efficient toilets 

 
£ Don’t know £ 

Natural lightings wherever possible 
 

£ Other: (please state) 
 

 
 
 

 
Aircraft Operations and 

Maintenance 

Use of renewable energy options in their 
maintenance  
 

£ 
 

Don’t know 
 

£ 

Other: (please state) 
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AIRPORT CARBON FOOTPRINT 

 
 
25. For each column, choose 3 and rank from “1” being most responsible and “3” being least responsible 

At the airport, which of the 
following produces 

pollution? 
Rank top 
3 factors 

At the airport, which of the 
following consumes more 

electricity? 

Rank 
top 3 

factors 

At the airport, which of the 
following produces the most 

waste? 
Rank top 
factor(s) 

Exhaust fumes from 
vehicles utilising the parking 

facilities 

 Self-automated check-in 
machines 

 Packaging materials used by 
airport businesses  

(ie. plastic bags, disposable 
utensils, etc) 

 

Trolley collection using non-
fuel efficient vehicles 

 Airport services  
(ie. Qantas clubs, krisflyer 

lounges, etc) 

 Printed baggage tags & 
tickets for check-in  

 

Exhaust fumes from 
vehicles utilising the pick-up/ 

drop-off points 

 Airport tenants / businesses  
(ie. retailers & cafes, etc) 

  Mandatory fire drills at the 
airport  

 
 

Aircraft maintenance 
equipment and vehicles 

 Airport facilities 
(ie. washrooms, viewing 

decks, charging stations, 
internet stations, etc) 

 Don’t know 
 

 

Other: (please state)  

Designated smoking areas 
 

 
 

Security screening equipment 
and machines 

 

Printers for baggage tags & 
tickets for check-in 

 
 

Water usage at airport 
facilities  

(ie. washrooms) 

 Computer and devices use at 
check-in counters 

 

Don’t know 
 

 Aircraft maintenance 
equipment and vehicles 

 

Other: (please state)  Always ‘ON’ lightings of 
airport facilities 

 

Always ‘ON’ escalators 
and/or travellators at airport  

 

Don’t know 
 

 

Other: (please state) 
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RESPONDENT DETAILS 
 

 
 

Thank you very much for taking the time to participate in this survey. Please fill in your contact details if you are interested 
in receiving the final analysis of this research. 

 

 

Name of respondent Title/Position of respondent  

 
 
 

 

Gender What is your age bracket? 
 
FEMALE               MALE 
 

 
18 – 24 

 
25 – 39 

 
40 - 64 

 
65 - 79 

 
80+ 

Which international/domestic airport do you work at? 

 
 
 

What is your highest academic qualification attained 

Tertiary 
(please state) 
 

Masters or 
equivalent  

Doctorate or 
equivalent  

Specific sustainability education  
(please state) 

 
How many people are there in your sustainability team? 

 
1 

 
2 – 5  

 
6 – 10  

 
> 10 

Other:  
(please state) 

 

 
Yes 

 
Name        : ________________________________________ 
 
Contact    : (Tel)_____________________________________ 
                   
Email       : _________________________________________ 
 

 
No 

 
Thank you! J 




