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Abstract—Like many other airports located around the world, Australia’s major airports have installed
and are operating new green energy systems, such as, photovoltaic (PV) solar and trigeneration systems.
Using an instrumental case study research approach, this study has examined how Brisbane and
Melbourne Airports have mitigated their carbon footprint by using green, renewable energy systems. The
extensive use of these green, renewable energy has enabled both Brisbane and Melbourne Airports to
reduce their annual carbon dioxide (CO2) emissions, and thus, these measures have helped to mitigate the
environmental impact of these airports’ operations. The study revealed that the photovoltaic (PV) solar
system at Brisbane Airport, will enable the airport to reduce its annual carbon dioxide (CO3) emissions by
an estimated 8,000 tonnes per year. The trigeneration system installed and operated by Melbourne Airport
will deliver an estimated reduction of 920,000 tonnes carbon dioxide (CO-) emissions over a 15 period.
Melbourne Airport’s photovoltaic (PV) solar is also delivering a reduction in the airport’s annual carbon
dioxide (CO>) emission.

Keywords— Airports, Brisbane Airport, Melbourne Airport; Photovoltaic (PV) systems, Solar power,

Trigeneration

I.  INTRODUCTION

In the global aviation industry, passenger and air cargo
services are provided within a value chain with the key
stakeholders comprising aircraft manufacturers, leasing
firms, airlines, airports, air traffic control service
providers, aircraft maintenance organizations, flight
catering providers, aircraft refuellers, ground handling
agents, global distribution systems (GDS), travel agents,
tour operators, and air freight forwarders (Jarach, 2017;
Tretheway & Markhvida, 2013). Airports play a
fundamental role in the air transport value by providing the
critical infrastructure, such as, passenger terminals and
runways that are necessary to facilitate the movement of
passengers and air cargo. Accordingly, airports act as the
critical interface point between the surface-based and air
transport modes (Baxter et al., 2018a). Despite the
significant social and economic benefits of air transport
services, such services have an adverse impact on the
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environment. Noise, air and water pollution, and natural
resources consumption present at an airport all have an
adverse impact on the environment (Budd, 2017; Daley,
2016; Jani¢, 2011). In addressing their environmental
impact concerns, airports are increasingly trying to become
“green” or more environmentally friendly (Comendador et
al., 2019; Jani¢, 2011). A "green airport” is an airport
which has a minimal impact on the environment and is one
that endeavors to become a carbon neutral facility in terms
of carbon emissions, with the goal of producing zero
greenhouse gas emissions (Gonzélez-Ruiz et al., 2017).

In providing the necessary critical infrastructure, such as,
runways, taxiways and airport facilities, airports consume
large amounts of energy and, as such, are regarded as
being very energy intensive (Akyuz et al., 2019; Baxter et
al., 2018b; Ortego Alba & Manana, 2017). Considering
this, airports around the world are increasingly embracing
green energy technologies, such as photovoltaic solar (PV)
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systems, as a way of mitigating their carbon footprint.
Adelaide Airport, Cochin Airport, Osaka’s Kansai Airport,
and Raja Bhoj International Airport, for example, have all
introduced photovoltaic solar (PV) systems.

The objective of this study is to examine the solar
photovoltaic (PV) systems installed at Brisbane and
Melbourne Airports, Australia and to identify the
environmental benefits that these two airports have
obtained from the use of these systems. A secondary
objective was to examine the trigeneration system installed
at Melbourne Airport and to identify how this system has
enabled the airport to mitigate its carbon footprint. The
Brisbane and Melbourne Airports photovoltaic (PV)
systems formed the focus for this case study as these are
the largest solar photovoltaic (PV) systems installed at any
Australian airport. A further factor in selecting Brisbane
and Melbourne Airports as the case airports was the
readily available case documentation which allowed for
the in-depth analysis of these airports adoption of green
energy systems and technologies.

The remainder of the paper is organized as follows: the
literature review presented in Section 2 sets the context for
the in-depth case study. The research method used in the
study is described in Section 3. The Brisbane and
Melbourne Airports case study is presented in Section 4.
The key findings of the study are presented in Section 5.

Il. BACKGROUND
2.1 Airport Energy Sources

Airports are comprised of the landside and airside
precincts (Jani¢, 2011, 2017). The airside precinct includes
the aircraft movement area, and the adjacent terrain and
buildings/infrastructure. The landside precinct includes
those parts of an airport together with the adjacent terrain
and buildings that are not located in the airside precinct
(Rossi Dal Pozzo, 2015). The actors operating within the
airport’s airside and landside precincts require a reliable
and highly efficient supply of energy. Historically, the two
primary energy sources have been electricity and fuel, for
example, diesel, natural gas, and propane (Ortega Alba &
Manana, 2016). Electrical energy is normally supplied
directly to the airport through dedicated sub-stations
(Jani¢, 2011). Typically, airports purchase electricity from
the commercial grid and this electricity is supplied by a
power company (Ortega Alba & Manana, 2016). As
previously noted, in recent times airports have increasingly
adopted the use of renewable energy sources. These
include solar photovoltaic, concentrating solar power,
wind power, oil and natural gas extraction, steam-
generated power production and electricity transmission
(Barrett et al., 2014). The use of renewable energy
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resources has provided airports with several favorable
environmental related advantages. Green energy produces
no greenhouse gas emissions from the combustion of fossil
fuels. As a result, this reduces some forms of harmful air
pollution (International Renewable Energy Agency, 2021;
United States Environmental Protection Agency, 2021).
Furthermore, renewable energy systems provide the airport
with an alternative clean source of power (Kramer, 2010).
Another important advantage is that solar power
photovoltaic (PV) systems lower the airport’s ground
emissions (Sukumaran & Sudhakar, 2017). The airport’s
carbon footprint (carbon dioxide CO, emissions) can also
be reduced by substituting solar PV based power
generation for traditional, more heavily polluting, fossil-
fuel based energy sources (Sukumaran & Sudhakar, 2017;
Wyhbo, 2013). In addition, the use of green or renewable
energy sources provides a firm or user with an important
opportunity to optimize energy efficiency (Arman et al.,
2013). Another advantage is that renewable energy sources
normally have very little waste (Yerel Kandemir & Yayli,
2016).

According to Sukumaran and Sudhakar (2017), “the
amount of power that a solar PV system can produce at an
airport is dependent upon the available area”. The amount
of power is also dependent upon the type of photovoltaic
(PV) solar system used at the airport, the PV system’s
orientation, and the available solar resource (Kandt &
Romero, 2014). Many airports often have large tracts of
open space that could be potentially used for the
installation and operation of a PV system (Baek et al.,
2016; Curran, 2016). Accordingly, many airports who
meet the spare land use requirement are installing or plan
to install large surfaces of PV panels (Figure 1). These PV
systems are often capable of producing 20MWh or even
higher amounts of sustainable energy (Wybo, 2013).

Fig.1: Solar photovoltaic system installed at Denver
International Airport. Photograph provided courtesy of
Denver International Airport.

2.2 Energy Usage at Airports
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The primary areas of energy consumption at an airport are
heating, cooling, lighting, and the energy required for
operating the airport’s facilities and systems (Janié, 2011;
Radomska et al., 2018). At many airports, crude oil is
often used for producing the fuel used to power the ground
service equipment (GSE) and vehicles that are used in an
airport’s airside and landside areas, especially in the
aircraft ground handling process (Jani¢, 2011). Fuel is also
used for airport’s heating boiler systems and emergency
generators (Ortega Alba & Manana, 2016). The airport
terminal’s heating, ventilation, and air conditioning
(HVAC) systems use the largest amount of energy (Akyuz
etal., 2017).

2.3 A Brief Overview of Photovoltaic (PV) Solar
Systems and the Key Issues for Airports

The solar photovoltaic (PV) systems being installed at
airports are normally customized so that they optimize the
use of the selected site (Baxter et al., 2019). Importantly,
there are different environmental factors that will be
applicable for each site. Consequently, these factors will
influence the type of photovoltaic (PV) system that is
required, and they will also impact its level of
performance. Photovoltaic (PV) systems are comprised of
the solar resource, photovoltaic cells, panel or module,
array, battery, inverter, charge controller, electrical load —
this includes the appliances and other devices that use the
energy generated by the PV system, wiring and the surge
protector — this is a device that safeguards against
electrical shock from short circuits and damaging power
fluctuations. The photovoltaic (PV) system wiring includes
the wires that are known as conductors that connect the
system components to complete circuits (Balfour et al.,
2013, pp. 4-5). Quite often photovoltaic solar systems are
collective in nature, that is, they are centralized systems
that provide electricity to a group of users. These users
include commercial customers (Bhattacharyya, 2015).

As previously noted, there is a growing use of solar power
at airports located right around the world (Sreenath et al.,
2020, 2021a, 2021b). However, there are several key
issues that airport’s need to be cognizant of when
considering the installation and use of a photovoltaic (PV)
solar system (Baxter et al., 2019). Solar photovoltaic (PV)
systems are required to be installed at a sufficient distance
from the airport’s runway(s) and these systems should
adhere to all relevant safety and fire measures applicable at
the airport (Kandt & Romero, 2014). If inappropriately
located at the airport, then there is a risk that the solar
photovoltaic (PV) systems at airports can impact pilots,
air-traffic controllers, aircraft, and air navigation systems
due to the glare reflection (Mostafa et al., 2016). The solar
system could cause either glint or glare, or possibly a
combination both. This could potentially result in a brief
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loss vision, which would be an important safety concern
for aircraft pilots (Anurag et al., 2017). Consequently,
glare due to the reflection of sunlight from the metal parts
of a solar PV panel could potentially provide a risk that
may result in an adverse impact on aviation safety
(Mostafa et al., 2016). There are several measures that an
airport can use to mitigate the glare from their solar
system. The first measure involves the application of anti-
reflective coatings (Solanki & Singh, 2017). The second
measure involves the surface texturing of the systems
panels (Ahmed et al., 2017). Neither of these measures
should have a noticeable impact on the solar PV system
performance but will greatly assist in minimizing
reflection from the PV system (Kandt & Romero, 2014).

I1l. RESEARCH METHODOLOGY
3.1 Research Method

This study used a qualitative instrumental case study
research approach (Owens et al., 2021; Sorenson, 2021;
West et al., 2021). An instrumental case study is the study
of a case. An instrumental case study can study a firm(s).
This research approach provides insights into a specific
issue, enables researchers to redraw generalizations, or
builds theory (Stake, 1995, 2005), whilst also facilitating
the understanding of a specific phenomenon. An
instrumental case study is designed around established
theory (Grandy, 2010). The present study was designed
around the established theory of green energy
(Aswathanarayana, 2010; Bhowmik et al., 2017; Kalyani
et al., 2015), and the use of solar power by airports (Baxter
et al.,, 2019; Sreenath et al., 2020, 2021a, 2021b;
Sukumaran & Sudhakar, 2017).

3.2 Data Collection

Data for the study was obtained from a variety of
documents, airport industry-related journals, annual
reports, press releases, company materials available on the
internet and records as sources of case evidence.
Documents included Brisbane and Melbourne Airports
environmental policies, Brisbane Airport’s masterplan,
industry publications, and the airport’s websites. Thus, this
study used secondary data. The study followed data
collection guidance of Yin (2018), that is, multiple sources
of case evidence were used, a database on the subject was
created, and there was of a chain of case evidence.

3.3 Data Analysis

Document analysis was used to analyze the documents
gathered for the study. Document analysis focuses on the
information and data from formal documents and company
records that are gathered by the researcher(s) when
conducting their case study (Andrew et al., 2011; Oates,
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2006; Yin, 2018). The study paid particular attention to
four criteria that need to be carefully considered when
assessing the quality of historical documents: authenticity,
credibility, representativeness and meaning (Scott, 2014;
Scott & Marshall, 2009).

The document analysis process was undertaken in six
discrete stages. Firstly, the types and required
documentation and their availability were ascertained. In
the second stage, the pertinent documents were collected
and a system for managing them was developed. In the
next stage, the documents were reviewed to assess their
authenticity, credibility. It was also necessary to ascertain
if any potential bias existed in the documents. The fourth
stage involved the interrogation of the documents at which
time the key themes, data and issues were identified. This
was followed by a period of reflection and refinement at
which time any difficulties with the documents were
identified. Also, in this stage, a thorough review of the
sources and the documents content was undertaken. The
analysis of the data was finalized in the sixth stage of the
document analysis process (O’Leary, 2004).

All the documents collected for the study were stored in a
case study database (Yin, 2018). All the study’s documents
were in English. Each document was carefully read, and
key themes were recorded in the case study (Baxter, 2021).

IV. RESULTS
4.1 Brisbane Airport Photovoltaic (PV) Solar System
4.1.1 A Brief Overview of Brishane Airport

Brisbane Airport is bounded by the Brisbane River to the
east, the Kedron Brook Floodway to the west, Moreton
Bay to the north and the Gateway Motorway to the south
of the airport precinct. The airport is located less than 20
kilometres from the Brisbane central business district
(CBD) (Brishane Airport, 2020). Brisbane Airport, IATA
airport code BNE, is Australia's largest airport by land area
(Brisbane Airport, 2021). The Brisbane Airport site is
2,700 hectares in size (Brisbane Airport, 2020). The airport
has two separate terminals for domestic and international
flights. The airport terminals are 4 kilometers apart. The
international terminal has twelve gates with air bridges,
two of which can handle the Airbus A380 aircraft. The
domestic terminal has three satellites housing additional
boarding gates and lounge facilities. There are twenty-
eight gates with air bridges (Brisbane Airport, 2021).
Brisbane Airport has two runways.

In July 1997, the Commonwealth Government entered into
a 50-year lease agreement with the new owners and
operators of Brisbane Airport as part of the government’s
airport privatization policy (Graham, 2018; Paul & De
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Groot, 2010; Solomon, 2009). Brisbane Airport
Corporation Pty Limited, the operator of Brishane Airport,
is a private, unlisted Queensland-based business. Brisbane
Airport Corporation acquired Brisbane Airport from the
Australian Federal Government in 1997 under a 50-year
lease agreement with an option to renew for a further 49
years (Brishane Airport, 2020, p. 29).

Brishane Airport is a key hub for Qantas Airways, Jetstar
Airways and Virgin Australia. The airport is also linked to
major international air travel markets and is well served by
international airlines, such as, Air New Zealand, Qantas,
and Singapore Airlines amongst others.

4.1.2 Brishbane Airport Environment and Sustainability
Policy

The Brisbane Airport Corporation (BAC) is firmly
committed to reducing the impact on the environment and
has implemented programs to manage and minimize the
long-term impacts of climate change and adverse
environmental impacts from aviation and property-related
development activities at the airport (Brisbane Airport,
2020).

The airport operator has the overall environmental
responsibility for all the activities and operations
undertaken at the airport. These include all airport
operations and security, asset management, tenancy
management as well as development projects. All other
airport users are also responsible for the environmental
management of their activities (Brisbane Airport, 2020).

In accordance with their Environment and Sustainability
Policy, Brisbane Airport Corporation is committed to:

e Operating, managing, and developing Brisbane
Airport in an environmentally responsible
manner.

e Ensuring compliance with the applicable
environmental laws, policies and other legal
requirements which pertain to its operation. The
airport aims to striving to meet and/or exceed
these requirements wherever possible.

e Fostering an environmentally responsible culture
amongst the company’s employees.

e Minimizing adverse impacts on the environment
that are caused by the company’s operations.

e Continually striving to reduce natural resource
consumption, waste generation, and prevent
pollution.

e Working closely with government departments,
agencies, and airlines to manage impacts of
aircraft noise and the impacts of aviation on the
community.
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e Constantly striving to achieve continual
improvement in environmental and sustainability
performance through the implementation of an
Environmental Management System (EMS)
consistent with the international standard
1ISO14001:2015 and sustainability benchmarking
evaluations (Brisbane Airport, 2020, p. 387).

To achieve this commitment, Brisbane Airport Corporation
(BAC) will:

Take action to address potentially adverse environmental
impacts.

e Communicate the Brishane Airport Environment
Strategy, policies and performance to employees,
regulators, tenants, and the wider community.

e Establish, implement, and maintain an
Environmental Management System (EMS)
which includes the setting and reviewing of
environmental objectives and targets.

e Periodically review the effectiveness of the
Environmental Management System, and identify
opportunities  for  environmental,  social,
economic, and  operational  sustainability
performance improvements.

e Maximize energy, water, and waste efficiencies.

e Manage noise impacts, pollutant emissions and
the impacts of climate change on the airport.

o Identify and seek to conserve objects and matters
at the airport that have natural, indigenous, or
historic heritage value.

e Achieve best practice in sustainable property
development.

e Provide appropriate environmental training to the
company’s employees and encourage its tenants
and contractors to do likewise.

e Build strong and active relationships with the
wider community through engagement and
sponsorship programs; and

e Provide the company’s staff and resources
necessary to meet these policy objectives
(Brisbane Airport, 2020, p. 387).

4.1.3 Brisbane Airport Environmental Management
System (EMS)

The Brishane Airport Corporation Environmental
Management System (EMS) has been developed in line
with the internationally recognized EMS 1SO 14001:2015
standard (Brisbane Airport, 2020). I1SO 14001 is a
worldwide meta-standard for implementing Environmental
Management Systems (EMS) (Dentch, 2016; Grover &
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Grover, 2017; Heras-Saizarbitoria et al., 2011). The ISO
14001 Environmental Management System (EMS) has
become one of the most widely used systems for managing
corporate environmental aspects (Oliveira et al., 2011).

Brisbane Airport’s EMS ensures that there is a systematic
approach to manage environmental issues across the
airport. Procedures and guidelines have been developed
that are in accordance with specific aspects of the standard.
These include:

¢ Risk and opportunities assessment.

e  Compliance obligations.

e Training.

o Internal and external communications.

e  Environmental auditing and document control.
e Incident and emergency preparedness.

e  Sustainable procurement (Brisbane Airport, 2020,
p. 389).

4.1.4 An Overview of Brisbane Airport’s Photovoltaic
(PV) Solar System

In 2017, Brisbane Airport made the decision to install a
large photovoltaic (PV) solar system at the airport. The
new 6MW photovoltaic (PV) solar system was to be
installed across six sites at the airfield (Australian
Aviation, 2019a; Shakra Energy, 2019). The system
consists of five roof-mounted solar arrays which can
generate a total of 5SMW, and one ground-mounted solar
array, generating about 1MW (Ecogeneration, 2017). The
system collectively covers 36,000 square meters
(Australian Aviation, 2019a; Maisch, 2019, Trina Solar,
2019).

In Stage one, which ran from early April 2018 to mid-May
2018, 700 solar roof panels, generating 0.2MWp, were
installed at the Skygate facility. The Skygate facility is in
the airport’s “The Circuit” precinct. In Stage two, which
also ran from early April 2018 to mid-May 2018, 700 solar
roof panels generating 0.2MWp were installed at the
Department of Home Affairs building, which is also
located in the airport’s “The Circuit” precinct. During
Stage 3, which ran from mid-July 2018 to September 2018,
3,500 solar roof panels, generating 1.03MWp, were
installed on the roof of the airport’s domestic passenger
terminal P1 multi-level car park. In Stage 4, which ran
from mid-July 2018 to mid-October 2018, 3,400 solar
panels generating 1.51MWop, were installed on the roof of
the airport’s domestic terminal P2 multi-level car park.
During Stage 5, which covered the period mid-May2018 to
mid-October 2018, 6,545 solar roof panels generating
1.8MWp were installed on the roof of the airport’s
international passenger terminal building. In the final
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stage, which ran from early June 2018 to December 2018,
4,000 solar ground panels generating 1.01MWp were
installed in Brisbane Airport’s Pandanus Avenue precinct
(Brisbane Airport, 2018).

At the time of the installation of the photovoltaic (PV)
solar system, the airport’s international terminal roof
installation was the largest single roof photovoltaic (PV)
solar power installation in Australia. The photovoltaic
(PV) solar power system installed on the roof of the
airport’s international passenger terminal consists of 7,133
solar panels that measured 11,675 square metres in area
(Australian Aviation, 2017, 2019a; Brishane Development,
2017; Halcol Energy, 2019).

The installation of the complete photovoltaic (PV) solar
power system took one year to complete, and the solar
panels became operational at the end of 2018 (Halcol
Energy, 2019).

Brisbane Airport did not rely upon any grants or subsidies
apart from “Large-scale Generation Certificates”
(Ecogeneration, 2017). In Australia, large-scale renewable
energy projects, such as solar farms, are entitled to create
large-scale generation certificates (LGCs). One LGC is
equivalent to 1 MWh of renewable electricity generated
above the power station baseline (Clean Energy Regulator,
2021b). In Australia, it is permissible for Registered LGCs
to be sold or transferred to entities with liabilities under
Australia’s Renewable Energy Target or to other
companies who are seeking to voluntarily surrender LGCs.
Liable entities are businesses (principally electricity
retailers) that are required to purchase and surrender LGCs
to Australia’s Clean Energy Regulator each year in
fulfilment of their obligations under the Renewable Energy
(Electricity) Act 2000 (Clean Energy Regulator, 2021a).

4.1.5 The Environmental Related Benefits of Brisbane
Airport Photovoltaic (PV) Solar System

The photovoltaic (PV) solar system has provided Brisbane
Airport with some important environmental related
benefits. It has been estimated that around 18% of the
airport’s electricity will be supplied from the solar PV
system and this will meet approximately 6% of Brisbane
Airport Corporation’s overall load (Australian Aviation,
2019a; Brisbane Airport, 2018; Lenaghan, 2017). In
addition, the photovoltaic (PV) solar system has reduced
carbon dioxide (CO,) emissions at the airport by an
estimated 8,000 tonnes per year (Brisbane Airport, 2018).

4.2 Melbourne Airport Photovoltaic (PV) Solar and
Trigeneration Energy Systems

4.2.1 A Brief Overview of Melbourne Airport

Melbourne Airport was officially opened on 1 July 1970
(Melbourne Airport, 2017a). The airport is located
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approximately 25 kilometres north-west of the Melbourne
city central business district (Melbourne Airport, 2017c).
Melbourne Airport is the State of Victoria’s primary
gateway for air travel, tourism, and freight (Melbourne
Airport, 2017a). Melbourne Airport is Australia’s second
busiest airport. In July 1997, a long-term lease for the
management and operation of Melbourne Airport was
awarded to Australian Pacific Airports Corporation
(Senguttuvan, 2007). At the time of the present study,
Melbourne Airport was managed and operated by
Australia Pacific Airports Corporation Limited (APAC)
which is a privately held corporation that is owned by
institutional ~ investors, who are  predominantly
superannuation/pension funds (Australia Pacific Airports
Corporation, 2019).

Melbourne Airport has four terminals, with Terminal 1
used for Qantas Airways domestic flights, Terminal 2
handles international flights, and Terminal 3 is used for
Virgin Australia domestic services. Melbourne Airport
officially opened its new Terminal 4 facility on 09
December 2015. The opening ceremony followed the
gradual opening of the terminal to passengers in two
stages. Tigerair Australia and Jetstar Airways commenced
services from the terminal in the last few months of 2015
and Regional Express Airlines began services in early
2016. Melbourne Airport’s Terminal 4 is located to the
south of Terminal 3 and comprises 20,000 square metres
of space over three levels. The facility has the capacity to
accommodate up to 10 million passengers a year (Sadler,
2015).

The Melbourne Airport site is approximately 2,740
hectares in size. There is urban development to the east
and south of the airport. This mainly consists of a mix of
residential and industrial uses. Melbourne Airport has two
runways. The longer Runway 16/34 measures 3.7
kilometres in length, while the shorter Runway 09/27 is 2.3
kilometres long (Australian Aviation, 2019b). Melbourne
Airport has eighty aircraft stands that are used for the
parking of aircraft (Australia Pacific Airports Corporation,
2019).

4.2.2 Melbourne Airport Environmental Policy

In 2018, Melbourne Airport defined and implemented a
comprehensive environmental policy in which the airport
committed to reducing its environmental impact. A key
aspect of the policy is its desire to be an environmental
leader for transport and logistics sites in the Asia Pacific
region (Australia Pacific Airports Corporation, 2018).

In accordance with the environmental policy, Melbourne
Airport is to be responsible for, and to protect the
environment directly and indirectly by the airport’s
operations. The airport is also committed to the continuous
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improvement in its environmental performance using the
certified Environmental Management System (EMS). The
environmental policy also aims to make a material
reduction in the energy consumption and the associated
emissions by adopting measures to conserve natural
resources and by adapting to climate change. Melbourne
Airport’s environmental policy also aims to minimize
waste through the implementation of the waste
management hierarchy and by adopting a life cycle
approach to procurement. The airport also aims to reduce
prevent, limit, and reduce pollution wherever possible. In
accordance with its environmental policy, Melbourne
Airport manages its land holdings to protect and enhance
biodiversity and cultural heritage, whilst at the same time
maintaining aircraft safety, which is a key priority.
Melbourne Airport also ensures that it complies with all
environmental and energy laws, policies, procedures, and
other compliance obligations and, where appropriate,
exceeds those requirements. A key aspect of the
environmental policy is the airport’s goal to make the best
use of its facilities and design, and where needed, to
construct and operate new facilities in support of the
airport’s environmental and sustainability goals (Australia
Pacific Airports Corporation, 2018).

To achieve its environmental-related objectives, the airport
authority works closely with its staff, tenants, business
partners, regulatory agencies, and local and regional
communities to develop new strategies to improve
environmental performance whilst also protecting the
environment (Australia Pacific Airports Corporation,
2018).

4.2.3 Melbourne Airport Environmental Management
System (EMS)

In June 2004, Melbourne Airport became the first
Australian airport to receive international certification of
its Environmental Management System (EMS). At the
time of the present study, Melbourne Airport’s
Environmental Management System (EMS) was being
certified in accordance with the international standard 1SO
14001:2015 (Melbourne Airport, 2017b).

4.2.4 Melbourne Airport Photovoltaic (PV) Solar Power
System

During the period 2018 to 2021, Melbourne Airport
installed three photovoltaic (PV) solar systems. The first
system was a 12MW solar array that provides
approximately 25% of the airport’s energy needs (based on
pre-COVID-19 levels), whilst the second system was
comprised of a 1.8MW roof array on a warehouse located
in the airport’s Business Park. The final system was
comprised of a 100KW array and 140KW battery solar
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array that is used to power an on-site water treatment plant
(Melbourne Airport, 2017b).

The planning for these projects commenced in in 2018
(Thorn, 2020). Melbourne Airport’s solar farm is one of
Australia’s largest behind the meter solar installations
(Bates, 2020; International Airport Review, 2021; Matich
2020). The solar foam occupies an area of around
192,000m2 (International Airport Review, 2021). The new
solar farm at Melbourne Airport became operational in
January 2021 and has the capability to produce enough
renewable energy to power all four passenger terminals.
The photovoltaic (PV) solar system can generate 17 GW
hours of electricity per annum. This is equal to around 15
per cent of the airport’s total annual -electricity
consumption (Air Transport Action Group, 2020; Bates,
2020; Matich 2020).

The solar panels were installed at a site located off
Sunbury Road. This site was selected as the location due to
the available land, proximity to the airport and the
maximum  direct  sunlight  without  obstructions
(International Airport Review, 2021). The solar farm used
Canadian-made solar mono-facial panels that were
designed to avoid glare that could otherwise have caused
problems around the airport’s runways (Jamieson, 2020).
To alleviate the possibility of dazzling pilots from the solar
system, Melbourne Airport installed fixed ground racking
systems (Youd, 2021).

Melbourne Airport has also installed a 2MWdc capacity
array on the roof of the Agility Logistics’ facility. This
system is approximately 30,000m2 in size and was the
airport’s first rooftop solar structure. The system will
connect into the airport’s embedded network (International
Airport Review, 2021).

A key issue for Melbourne Airport was the surrounding
wildlife and birds. To mitigate this problem, the shrubbery
planted around the solar farm was kept simple, and does
not produce any food for birds, such as seeds and berries
(Youd, 2021).

4.2.5 Melbourne Airport Trigeneration System

In December 2016, Melbourne Airport completed the
installation of its 8MW trigeneration plant (Australia
Pacific Airports Corporation, 2017). The tri-generation
power facility became operational in 2017. This system
produces power, gas, and cooling. A key benefit of this
system is that it turns excess heat into chilled and hot water
(Melbourne Airport, 2017b). The airport’s tri-generation
facility has become a significant contributor to the
airport’s goal of reducing its carbon footprint (Australia
Pacific Airports Corporation, 2017).
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The tri-generation plant provides power into the airport’s
high voltage network. Importantly, both the solar farm and
the tri-generation plant can operate in unison. This because
the airport’s load is more than the sum of what the solar
farm and tri-generation plant can produce (International
Airport Review, 2021).

4.2.6. The Environmental Benefits of the Solar Power (PV)
and Trigeneration Systems at Melbourne Airport

The use of the photovoltaic (PV) solar power and
trigeneration systems are helping Melbourne Airport to
reduces its energy consumption. The reduction in energy
consumption allows the airport to reduce its operational
greenhouse gas (GHG) emissions and will help the airport
to move to towards carbon neutrality (Melbourne Airport,
2017b).

The trigeneration system is delivering significant
environmental-related benefits for Melbourne Airport. The
airport has estimated that the system will reduce the
airport’s carbon dioxide (COz) emissions by 920,000
tonnes over a 15 period (Melbourne Airport, 2017b).

In the long-term, Melbourne Airport plans to maintain its
commitment and investment in renewable energy projects,
thereby minimizing its carbon footprint and maximizing
energy efficiency. The airport’s solar farm is expected to
provide a sustained amount of electricity, thus reducing the
dependency for grid electricity. The solar farm will reduce
peak electrical demand on the network with Melbourne
Airport’s peak electrical demand, typically experienced
during sunshine hours (International Airport Review,
2021). Like the trigeneration system, the airport’s solar
systems will also reduce carbon dioxide (CO) emissions.
This is because photovoltaic (PV) solar power systems do
not produce air pollution or greenhouse gases (GHG)
(United States Energy Information Agency, 2020).

V. CONCLUSION

Airports are extremely energy intensive and where energy
is produced from fossil fuels then there are emissions, such
as, carbon dioxide (COy), that are harmful to the
environment. Considering the environmental impact of
their operations, airports around the world are increasingly
adopting the use of new “green” technologies to reduce
their carbon footprint. This study has examined the
approaches taken by Brisbane and Melbourne Airports in
Australia to mitigate their carbon footprint using
photovoltaic (PV) solar systems. Melbourne Airport is
now operating a trigeneration system and this system is
also underpinning the airport’s goal to reduce to its carbon
footprint.

The case study revealed that Brishane Airport built a
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large scale 5SMWh system on six sites that are located
throughout the airport precinct. The system has
incorporated both rooftop and ground-based solar panels.
The photovoltaic (PV) solar system has delivered Brisbane
Airport important environmental related benefits. The
photovoltaic (PV) solar system provides around 18% of
the airport’s electricity and the system will meet
approximately 6% of Brisbane Airport Corporation’s
overall load. In addition, the photovoltaic (PV) solar
system has enabled the airport to reduce it carbon
footprint, as the system has reduced the airport’s carbon
dioxide (CO2) emissions by an estimated 8,000 tonnes per
annum.

Like Brisbane Airport, Melbourne Airport has also taken
steps to “green’ its operations. The case study found that
the airport has taken a multi-faceted approach to its energy
policy. The trigeneration system works in parallel with the
airport’s new photovoltaic (PV) solar system, and this
system is predicted to reduce the airport’s carbon footprint
by an estimated 920,000 tonnes over a 15 period. The first
system photovoltaic (PV) solar system is a 12MW solar
array that will provide approximately 25% of the airport’s
energy needs (based on pre-COVID-19 levels), whilst the
second system is a 1.8MW roof array on a warehouse
located in the airport’s Business Park and the final system
is a 100KW array and 140KW battery solar. the airport’s
solar systems will reduce the airport’s annual carbon
dioxide (CO,) emissions. At the time of the present study,
the annual carbon dioxide (CO2) emissions data was not
publicly available.
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