A

e e

International Journal of Environment, Agriculture and Biotechnology
Vol-8, Issue-2; Mar-Apr, 2023

Journal Home Page Avadilable: https://ijeab.com/
Journal DOI: 10.22161/ijeab

Peer Reviewed

An Assessment of Sustainable Energy Management at a
Major United Kingdom Based Hub Airport: A Case Study

of London Gatwick Airport

Glenn Baxter

School of Tourism and Hospitality Management, Suan Dusit University, Huahin Prachaup Khiri Khan, Thailand, 77110.

Received: 29 Jan 2023; Received in revised form: 27 Feb 2023; Accepted: 05 Mar 2023; Available online: 13 Mar 2023
©2023 The Author(s). Published by Infogain Publication. This is an open access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

Abstract—Due to their extremely energy intense nature, airports are increasingly focusing on their energy
consumption and energy efficiency as a key part of their sustainability policies and strategies. Based on an in-
depth longitudinal case study research design, this study has examined London Gatwick Airport, a major United
Kingdom-based hub airport, sustainable energy management. The case study covered the period 2014 to 2021.
London Gatwick Airport has two principal energy sources: electricity and natural gas. The case study revealed
that London Gatwick Airport contributes to a lower carbon grid through its procurement of 100% certified
renewable electricity. The airport has purchased this 100% certified renewable electricity since 2013. This
measure has enabled the airport to mitigate its environmental impact. An important energy-related development
at London Gatwick Airport, has been the airport’s waste processing and biomass generation facility, which
began operations in November 2016. Category 1 and other types of organic waste are converted into biomass
fuel that is used to power the processing plant and provide heating for the airport’s North Termina and the
airport’s waste management site. The waste plant also provides power to the site’s water recovery system.
Throughout the study period, London Gatwick Airport introduced a range of energy efficiency related measures.
These measures include the installation of high efficiency lighting, heating, air conditioning, and ventilation
(HVAC) systems, the upgrading of the airport’s boiler plant, the installation of an electricity powered hydrant
dispenser, and the installation of more energy efficient light emitting diode (LED) lighting. The airport is also
replacing its fleet of airport vehicles with electric powered vehicles. In addition, the airport is transitioning
towards the use of electricity powered ground service equipment (GSE).

Keywords— Airports, Airport energy efficiency measures, Airport energy consumption, London Gatwick
Airport, Sustainable airport energy management.

I.  INTRODUCTION

aviation industry ambition to be a carbon-neutral industry

Air transport infrastructure development is considered
crucial for both economic and social development and
growth (Karagkouni & Dimitriou, 2022). Airports have
substantial economic, and social impacts on local,
regional, and often in many instances, national levels as
well (Culberson, 2011). However, airports adversely affect
the surrounding environment (Chourasia et al., 2021;
Culberson, 2011; Dimitriou & Voskaki, 2012; Dimitriou et
al., 2014). In recent years, the development of green
airports has increased, with this growth partly due to the
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by 2050 (Korba et al., 2022). 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 aim to
ultimately produce zero greenhouse gas emissions
(Gonzélez-Ruiz et al., 2017). The notion underpinning a
“green airport” is for the airport to create a centre of
sustainable practices (Sumathi et al., 2018). Airports play a
significant role in the air transport industry; therefore, their
effective operation is crucial. Airports must be built
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according to sustainable standards to maintain reduced
energy, water, or heat consumption (Korba et al., 2022).
Furthermore, applying sustainable airport practices can
enable airports to improve their economic and social
effects and reduce their harmful impact on the
environment (Eid et al., 2022).

Airports are critical nodes in the global air transport
system. Along with the growth of airport infrastructures,
airport-related business, commercial, residential, and
spatial development often occurs in the airport
surroundings with these developments being connected by
surface transport infrastructure (Ferrulli, 2016). Airports
are one of the most critical stakeholders in the global air
transport industry value chain. This is because airports
provide the necessary landside and airfield infrastructure
that facilitates both the passengers and air cargo shippers
interface between the ground-based and air transport
modes. To facilitate the movement and handling of
passengers and air cargo consignments, airports provide
extensive landside infrastructure and facilities as well as
runways, taxiways, and aircraft parking stands. Air traffic,
both passenger and air cargo, has increased very
significantly over the past 20 years or so and this has led to
an increased energy requirements of airports to
accommodate this air traffic demand (Ortega Alba &
Manama, 2016). Importantly, airport systems and their
infrastructure consume large amounts of electrical energy.
Airports are thus regarded as being energy intensive
(Baxter et al., 2019; Cardona et al., 2006; Ortega Alba &
Manama 2016). This is due to the energy requirements of
airport buildings and facilities, for example, passenger
terminal air conditioning systems, pre-conditioned air and
power at aircraft gates, power supply for equipment, and
other special airport systems (International Civil Aviation
Organization, 2015). Airport passenger terminals are
indeed extremely energy intensive (Kareem et al., 2021;
Orukpe et al. 2020; Yildiz et al., 2021). The dynamic
structure of airports, 24-hour operations, performing flight
operations safely, and the provision of comfortable
conditions for passengers in the airport’s terminal
buildings, has often resulted in increased energy
consumption of airports. Energy management has become
an important focus for airports, and thus, airports are
seeking continuous improvement of energy performance as
they are sites with high and intense energy consumption
(Akyuz et al, 2019). Energy management is now
considered as being of critical importance for airports
(Almaz, 2022). According to Greer et al. (2020), “energy
management refers to a process by which airports can
characterize and monitor their energy consumption and
enact measures to reduce it”. In airports with high energy
consumption areas, energy management allows the
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reduction of both costs and environmental impacts (Aky(iz
et al., 2021). Considering this, many airports have
increased their focus on energy efficiency as part of their
efforts to reduce their impact on the environment (Preston,
2015). Moreover, airport managers have become aware of
the requirement to reduce energy consumption as well as
make a more efficient use of it. In addition, airports are
now confronting growing pressure to use energy-efficient
systems whilst at the same time ensuring their compliance
with increasingly stringent regulations (Taber & Steele,
2020). Accordingly, energy management has become
extremely important for airports (Graham, 2018; Uysal &
Ziya Sogut, 2017).

The United Kingdom has the biggest aviation network in
Europe and the third largest in the world. London has the
busiest airport system of any city in the world (Ministry of
Transport, 2017). London is a major air travel market for
Australia, Canada, India, Singapore, South Africa, and the
United States of America. In addition, London is the home
base for British Airways and Virgin Atlantic Airways, as
well as an essential market for some of the industry’s most
successful airlines. easyJet and Ryanair, who are low-cost
carriers (LCCs) have positioned London as a strategic hub.
For many international airlines including Emirates, Qatar
Airways, Singapore Airlines, Finnair, Aer Lingus, Qantas,
United Airlines and American Airlines, London remains a
key market that is core in their strategic growth and
investment plans. In more recent times, JetBlue, Vistara
and Norse Atlantic have launched services to London
(Malik, 2022). The city of London is served by five main
airports: London Heathrow Airport, London City Airport,
London Gatwick Airport, London Stansted Airport, and
Luton Airport (Pels et al., 2009; Saayman, 2012). London
Southend Airport also serves London (Pearson, 2022).

The objective of this research is to empirically examine the
sustainable aspects of London Gatwick Airport, a major
United Kingdom-based hub airport, energy management.
A further objective of the study is to examine the airport’s
energy sources and the trends in the annual consumption of
these energy sources and to identify the impact that the
growth in passenger traffic and aircraft movements has had
on the airport’s energy consumption throughout the study
period. A final aim of the study is to examine the measures
and technologies that have been implemented throughout
the study period by London Gatwick Airport to achieve its
goal of sustainable energy management. The study period
is from 2014 to 2021.

The remainder of the paper is organized as follows:
Section 2 presents a review of the literature on airport
energy management. The research method used to
underpin the study is described in Section 3. The case
study of London Gatwick Airport sustainable energy
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management is presented in Section 4. Section 5 presents
the findings of the study.

1. BACKGROUND
2.1. Airport Energy Sources

The actors operating within the airport’s airside and
landside precincts require a reliable and highly efficient
supply of energy. Historically, an airport’s two primary
energy sources have been electricity and fuel, for example,
diesel, natural gas, and propane (Ortega Alba & Manana,
2016). Electrical energy is normally sourced from different
sources. The electrical energy is supplied directly to the
airport through dedicated sub-stations. This energy is
primarily used for operating the airport’s facilities,
equipment, and other devices that are necessary in
servicing passengers and their baggage and air cargo
consignments in the airport’s respective passenger and air
cargo terminals. Electrical energy is also used for the
provision of heating, cooling (air conditioning), and
lighting other administrative buildings at airports (Jani¢,
2011). Normally, airports purchase electricity from the
commercial grid and this electricity is supplied by a power
company to the airport (Nam, 2019; Ortega Alba &
Manana, 2016).

Importantly, airports around the world are shifting toward
the utilization of clean energy technologies together with
the implementation of practices that reduce local
emissions. This environmental-related strategy includes
replacing fossil  fuel-based with electricity-based
operations at airports (Sajed Sadati et al., 2018). Indeed,
in recent times, several new energy technologies have
undergone development and implementation as energy
sources for airports. These new technologies include solar
photovoltaic (PV), concentrating solar power, wind power,
oil and natural gas extraction, steam-generated power
production and electricity transmission (Barrett et al.,
2014).

Some airports have also developed and operate new
power-generation systems that provide reliable and
affordable sustainable energy. Many airports have installed
biomass boilers, have worked to improve the natural light
and ventilation, and, in some instance, have installed wind
turbines to generate electrical energy and some airports
have used boreholes to exploit sources of geothermal
energy (Budd & Budd, 2013).

2.2. Energy Usage at Airports

Airports and their key stakeholders require power to
operate their equipment, systems, heating, ventilation, and
air conditioning (HVAC) systems, as well as for the
lighting of their buildings. In addition, airports require
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power for their airfield infrastructure, for example, runway
and taxiway lighting. Airport energy usage also includes
the fuel necessary to power ground support equipment
(GSE) (Nam, 2019).

The principal areas of energy consumption at an airport
are heating, cooling, lighting, and the energy required for
operating the airport’s facilities and systems (Jani¢, 2011;
Radomska et al., 2018). Fuel is also used for airport’s
heating boiler systems and emergency generators (Ortega
Alba & Manana, 2016). Airports consume large quantities
of electricity (Sreejaya et al., 2020). Typically, airport
terminal buildings consume more energy than other
buildings that are located within the airport precinct due to
the terminal building’s functional and operational
characteristics (Yildiz et al., 2022). The airport terminal’s
heating, ventilation, and air conditioning (HVAC) systems
use the largest amount of energy. It has been estimated that
around 70% of the energy consumed in airport terminal
buildings is used for heating, cooling, and air conditioning
purposes. This energy consumption rate is higher in those
countries that have a cold climate (Akylz et al., 2017).
Indeed, airport terminals have a high level of energy
consumption for space heating in cold climate zones (Liu
et al., 2021). Airport terminal buildings also have a high
energy demand due to their cooling demand. This is
especially so in hot arid climates, where airports cool their
terminal buildings to achieve passenger thermal comfort
(Abdallah et al., 2021).

Electrical energy is also used at airports for powering the
aids that are used to facilitate air transport operations, and
for airport buildings, aircraft hangers and other airport
facilities (Kazda et al., 2015). As previously noted, airports
are extremely energy-intensive areas (Baxter et al., 2019;
de Rubeis et al., 2016; Ortega Alba & Manana, 2017). An
airport terminal is an industrial building which may be of
considerable size. Energy consumption is necessary to
provide lighting; to provide operation of electronic devices
and the related equipment that is necessary to facilitate
passenger boarding activities, and to provide heating and
cooling systems (Fossi & Esposito, 2015). Airport terminal
buildings also require power to serve the requirements of
the airport administration and the airport’s tenants so that
they can conduct their business activities (Nam, 2019).
Airport buildings are thus particularly energy intensive
(Danjuma Mambo et al., 2015; Kim et al., 2020; Yildiz et
al., 2021). The large energy usage at airports is due to the
large buildings, for example, passenger terminal buildings,
which are equipped with heating and air-conditioning
systems. Also, there is a very high-power demand for
lighting and electric equipment, and for the various
facilities that are located within the airport precinct
(Cardona et al., 2006; Ortega Alba & Manana, 2017). The
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passengers handled at the airport significantly affect
airport terminal energy consumption and the airport’s
indoor environmental quality (Tang et al., 2023).

Airports require a guaranteed, appropriately priced, and
secure energy supply to satisfy peak demand from their
service partners and passengers (Thomas & Hooper, 2013).

Crude oil is often used at airports for producing the
gasoline that is used to power the ground service
equipment (GSE) and other vehicles that are operated in an
airport’s airside and landside precincts (Janié, 2011).
Ground service equipment (GSE) refers to vehicles and
equipment that are used in the airport precinct to service
aircraft whilst they are at the gate in between flights (Hazel
etal., 2011).

Energy consumed by airports can be broken down into the
energy consumed by the airside activities undertaken at the
airport as well as the energy consumed in the provision of
the airport’s landside area activities (Jani¢, 2011). The
airside means the movement area at an airport, adjacent
terrain and buildings/infrastructure, or portions, the access
to which is restricted. Landside means those parts of an
airport as well as the adjacent terrain and buildings or
portions thereof that are not in the airside precinct (Rossi
Dal Pozzo, 2015). In the airport’s airside area, energy
requirements include the fuel that is consumed by aircraft
during the landing and take-off (LTO) cycles. Also,
ground vehicles serving aircraft during the turnaround
process at the apron/gate complex consume energy. In the
airport landside area, the principal consumers of energy are
the airport ground access systems/modes and passenger
and air cargo terminals together with other administrative
buildings serving the airport. In most cases, the primary
energy sources are from non-renewable fossil fuels and to
a smaller extent from renewable wind, water, and solar
sources (Jani¢, 2011).

The operation of more efficient heating and cooling
systems and the performance of the building envelope can
result in significant reductions in energy consumption.
This can be achieved without compromising comfort
conditions in the airport terminal buildings (Akyuz et al.,
2018). To ensure that energy demand can be met when the
needs arise, airports are increasingly focusing on energy-
conservation measures in the design (and operations) of
terminal buildings and infrastructure (Thomas & Hooper,
2013).

2.3. The Factors that Influence an Airport’s Energy
Consumption

An airport’s energy consumption is influenced by a range
of factors, which include:

e  The airport’s size.
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e The airport’s architecture (compact, finger
passenger terminals, satellite passenger terminals,
and remote satellite passenger terminals).

e Location and climate.
e  Airport operational hours.
e Insulation level of terminal(s) building(s),

e Heating, ventilation, air conditioning (HVAC)
system.

e  Airport energy actors’ energy usage behavior.
e  Energy management.

e Level of airport maintenance.

e  Capacity of aircraft maintenance facilities.

e Daylight utilization.

e Solar heating.

e  Traffic density.

o Number of passengers handled at the airport.

e Smooth operations of electrical and mechanical
systems (Akyuz et al., 2019, p. 28).

I1l. RESEARCH METHODOLOGY
3.1. Research Approach

This study was underpinned by an in-depth qualitative
longitudinal research design (Derrington, 2019; Hassett &
Paavilainen-Mantymaki, 2013; Neale, 2018). Qualitative
longitudinal research aims to expand and develop theories
(Derrington, 2019). A case study enables the researcher(s)
to explore complex phenomena (Remenyi et al., 2010;
Taber, 2014; Yin, 2018). Case studies also enable the
researcher(s) to collect rich, explanatory information that
provides in-depth insights into the phenomenon under
investigation (Ang, 2014).

3.2. Data Collections

The data used in the study was obtained from a range of
documents, company materials available on the internet
and records as sources of case evidence. Documents
included London Gatwick Airport’s annual Decades of
Change sustainability reports, London Gatwick Airport’s
annual reports, and the airport’s websites. An extensive
search of the leading air transport journals and airport-
related magazines was also conducted in the study.

The key words used in the database searches included
“London Gatwick Airport’s environmental policy”,
“London Gatwick Airport’s energy sources”, “London
Gatwick Airport’s annual energy consumption”, “London
Gatwick Airport’s annual electricity consumption”,
“London  Gatwick Airport’s annual natural gas
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consumption”, “London Gatwick Airport’s annual
renewable energy consumption”, and “London Gatwick
Airport’s annual renewable energy consumption as a share
of total energy consumption”.

This study used secondary data. The three principles of
data collection as suggested by Yin (2018) were followed:
the use of multiple sources of case evidence, creation of a
database on the subject and the establishment of a chain of
evidence.

3.3. Data Analysis

The data collected for the case study was examined using
document analysis. Document analysis is quite commonly
used in case studies. Document analysis focuses on the
information and data from formal documents and a firm’s
records that are collected by a researcher(s) when
conducting their case study (Andrew et al., 2011; Yin,
2018). The documents gathered for the study were
examined according to four key criteria: authenticity,
credibility, representativeness and meaning (Scott, 2014;
Scott & Marshall, 2009).

The document analysis was undertaken in six distinct
phases:

e Phase 1: The first phase involved planning the
types of the required documentation and ascertain
their availability for the study.

e Phase 2. The data collection phase involved
sourcing the documents and developing and
implementing a scheme for the document
management. The documents were stored in a
case study database.

e Phase 3: The collected documents were
examined to assess their authenticity, credibility
and to identify any potential bias.

e Phase 4: The content of the collected documents
was carefully examined, and the key themes and
issues were identified and recorded in the case
study.

e Phase 5: This phase involved the deliberation and
refinement to identify any difficulties associated
with the documents, reviewing sources, as well as
exploring the documents content.

e Phase 6: In this final phase the analysis of the
data was completed (O’Leary, 2004, p. 179).

Following the guidance of Yin (2018), the study’s
documents were downloaded and stored in a case study
database. All the documents gathered for the study were all
written in English. Each document was carefully read, and
key themes were coded and recorded in the case study
research framework (Baxter, 2022).
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IV. RESULTS
4.1. An Overview of London Gatwick Airport

The origins of London Gatwick Airport date back to the
1930s. However, the airport was officially opened on the
9th of June 1958 (Woodley, 2014). In 1987, the British
government privatized seven major airports through a
share flotation (Graham, 2011). London Gatwick Airport
was one of the airports that was privatized by the British
Government in 1987 (Arblaster, 2017; Augustyniak,
2009). London Gatwick Airport was sold by the British
Airport Authority (BAA) in late 2009 to Global
Infrastructure Partners (Budd & Ison, 2018). Gatwick
Airport Limited is now the company that has been licensed
by the Civil Aviation Authority (CAA) to operate London
Gatwick Airport. On 14 May 2019, the airport’s ownership
transferred to new management with VINCI Airports
acquiring a shareholding of 50.01%. The remaining shares
are owned by a consortium of investors, and these are
managed by Global Infrastructure Partners (GIP), who
have operated London Gatwick Airport since 2009
(Airport Technology, 2019; Bates, 2019).

London Gatwick Airport (IATA airport code: LGW) is the
second largest of the main London airports and is ranked
as the second busiest airport in the United Kingdom, as
measured by passenger traffic (International Airport
Review, 2023, Mann, 2022). London Gatwick Airport is
the busiest single runway airport in the World (Budd &
Ison, 2017; Irvine et al., 2015; Liaghat et al., 2011;
Woodford, 2013). The largest passenger airline at London
Gatwick Airport is the low-cost carrier easyJet (Gatwick
Airport Limited, 2023a).

London Gatwick Airport’s main runway is 3,316 metres
long and 45metres wide. The northern runway can only be
used on those occasion when the primary runway is not is
use. The runways cannot be used simultaneously because
there is insufficient separation between aircraft (Bowman
& Simmons, 2011). The airport’s South passenger terminal
opened in 1958, whilst the North terminal opened in 1988.
The airport’s South Terminal is 160,000 square metres in
size, whilst the North Terminal occupies an area of 98,000
square metres. The airport has 119 aircraft parking stands,
with a total of 186 centrelines. The ability to use a stand
flexibly means a total of 186 aircraft can be parked at the
airport (Gatwick Airport Limited, 2023a).

London Gatwick Airport holds the Airport Council
International Airport Carbon Accreditation Level 3+
“Neutral” level for direct emissions (Scope 1 and 2 Fuels
and Electricity). In 2019, the airport signed the Airports
Council Europe pledge to reach Net Zero for direct
emissions prior to 2050. In addition, London Gatwick
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Airport Gatwick was the first airport to join “RE100”, the
global coalition committed to renewable -electricity
(Gatwick Airport Limited, 2023c). In 2010, London
Gatwick Airport obtained its 1SO14001 Environmental
Management System (EMS) accreditation (Gatwick
Airport Limited, 2023b).

Figure 1 presents London Gatwick Airport’s annual
enplaned passengers and the year-on-year growth (%) from
2014 to 2021. One passenger enplanement measures the
embarkation of a revenue passenger, whether originating,
stop-over, connecting or returning (Holloway, 2016). As
can be observed in Figure 1, the airport’s annual enplaned
passengers displayed an upward growth trend from 2014 to
2019, when the annual passenger volumes handled at the
airport increased from 38,127,690 passengers in 2014 to a
high of 46,568,000 passengers in 2019. The most
significant annual increase in the airport’s passenger traffic
was recorded in 2016, at which time it increased by 7.12%
on the 2015 levels (Figure 1). Figure 1 shows that there
was a very substantial decrease in the annual passenger
traffic handled at the airport in 2020, when it declined by
78.17% on the 2019 levels. This large decrease could be
attributed to the adverse impact that the COVID-19 virus
pandemic had on air passenger demand in 2020
(Leppévuori et al., 2022). During the COVID-19
pandemic, the demand for passenger air transportation
services declined significantly in 2020 (Barczak et al.,
2022; El Zowalaty et al., 2020; Hotle & Mumbower, 2021;
Mumbower, 2022) as the COVID-19 pandemic caused a
significant decrease in the world air travel market supply
and demand chain in 2020 (Dube et al., 2021).
Furthermore, due to the global coronavirus crisis, most
countries placed restrictive measures to confine the
pandemia (lacus et al., 2020). These pandemic response
measures included many countries imposing travel
restrictions (Akkucuk, 2020; Fabeil et al., 2020; Mat Dawi
et al., 2021). In 2020, British Airways suspended all flights
to and from London's Gatwick airport due to the collapse
in passenger demand. The airline’s passenger demand was
affected by the CORONA-19 virus pandemic (BBC News,
2020). Virgin Atlantic Airways also cancelled all
operations at London Gatwick Airport at the beginning of
the COVID pandemic (Amaro, 2020; Bodell, 2022).
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Annual Enplaned Passengers

Year-on-Year Change (%)

= Annual Enplaned Passengers w—{ 2@r-on-Yea Change (%)

Fig.1: London Gatwick Airport’s Annual Enplaned
Passengers and the Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2014,
2016, 2018a, 20204, 2022a).

Figure 2 presents London Gatwick Airport’s annual
aircraft movements and the year-on-year growth (%) from
2014 to 2021. Figure 2 shows that there was an upward
trend in the airport’s annual aircraft movements from 2014
to 2018. The airport’s annual aircraft movements increased
from 247,863 movements in 2014 to a high of 280,792
movements in 2018. In 2019, the airport’s annual aircraft
movements decreased by 0.04% on the 2018 levels. The
airport’s annual aircraft movements were adversely
impacted by airline aircraft fleet deployment patterns in
2020 in response to the downturn in passenger demand
because of the CORONA-19 virus pandemic. In 2020, the
airport’s annual aircraft movements decreased by 72.79%
on the 2019 levels (Figure 2). The same situation occurred
in 2021 when the airport’s annual aircraft movements
decreased by 31.93% on the 2020 levels (Figure 2). The
COVID-19 pandemic continued to have an impact on the
air transport industry in 2021 (Gao, 2022).

Annual Aircraft Movements

f
‘Year-on-Year Change (%)

2014 2015 2016 2017 2018 2019 2020 2021

Annual Aircraft M ovements — im0y ear Change ()
Fig.2: London Gatwick Airport’s Annual Aircraft
Movements and Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2014,
2016, 2018a, 2020a, 2022a).
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4.2. London Gatwick Airport Environmental Policy

In June 2021, London Gatwick Airport implemented its
second “Decade of Change Sustainability Policy”. This
policy contains the airport’s 2030 targets. The policy also
contains the airport’s goals for the transition to becoming a
net-zero airport that also contributes to local environmental
stewardship as well as supporting the local economy,
people, and communities (International Airport Review,
2021a; Gatwick Airport Limited, 2021b).

As part of the policy, London Gatwick Airport aims to be a
responsive and responsible airport operator and, in so
doing, it undertakes various activities that enable the
airport to:

o  Deliver a strong community-based program.

e  Maximize the airport’s local regional and national
economic benefits.

e The airport aims to remove or mitigate its direct
environmental impacts whilst at the same time
collaborating on industry-wide solutions to
climate change.

e  Set the right standards and practices.

e The airport enables its staff to be sustainability
champions.

The airport also endeavors to understand the requirements
of its stakeholders and partners (Gatwick Airport Limited,
2021b, p. 3). In-line with the policy, London Gatwick
Airport’s sustainability policy goals will continue to centre
on:

e Enabling London Gatwick Airport to be the
airport of choice for its passengers and customers.

e Ensuring the safety and security of our
passengers, partners, and staff members.

e Generating national and regional economic
wealth, and connectivity.

e The airport aims to increase its traffic catchment
area and employment.

e London Gatwick Airport aims to reduce the
adverse impacts to the environment.

e The airport aims to develop and maintain
constructive relationships with stakeholders.

e The airport aims to recognize the value of its
employees, key stakeholders, and communities
(Gatwick Airport Limited, 2021b, p. 3).

In delivering and achieving its sustainability goals London
Gatwick Airport will continue to:

e Set clearly defined targets and policies for
delivery from today to 2030.
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e Operate today as efficiently as it can, and the
airport will invest appropriately for the future.

e Protect the business and ensure the airport has the
appropriate resilience.

e London Gatwick Airport communicates its
approach and performance with key stakeholders.

e Partner with organizations who can help the
airport to achieve its goals.

e Work with government, industry, and regulators
to develop policy and plans; and

e Engage with its community explaining both its
positive and negative impacts (Gatwick Airport,
2021b, p. 3).

To achieve its sustainability goals, the airport will continue
to set clearly defined targets and policies for delivery from
2021 to 2030. The airport’s 2030 goals take into
consideration local and national sustainability priorities
and will enable the airport to play its part in national and
international action to deliver on the Paris Climate
Agreement together with the United Nations’ (UN)
Sustainable Development Goals (SDGs) (Gatwick Airport
Limited, 2021b). In 2015, all United Nations Member
States adopted the “2030 Agenda for Sustainable
Development” (Boeren, 2019; Lenkaitis, 2022; Miola &
Schiltz, 2019). The “2030 Agenda for Sustainable
Development” has seventeen 17 Sustainable Development
Goals (SDGs) (Calabrese et al., 2021; Scholz & Brandi,
2017). Each SDG comprises a range of targets to be
achieved by 2030 (Katila et al., 2019). The United Nations
(UN) has acknowledged that “the goal to achieve
affordable and clean energy is particularly important as it
interlinks with its other sustainable development goals
(SDGs) (Munguia et al., 2020). At the time of the present
study, London Gatwick Airport’s environmental policy
was aligned with five of the United Nations Sustainable
Development Goals (SDG) themes and targets. The UN
Sustainable Action Goals (SDGs) adopted by London
Gatwick Airport are SDG 8 Decent work and economic
growth, SDG 9 Resilient infrastructure, SDG 10 Reduced
inequalities, SDG 11 Sustainable cities and communities,
and SDG 13 Climate action (Gatwick Airport Limited,
2021b).

At London Gatwick Airport, energy efficiency is
incorporated in the airport’s refurbishments and capital
projects, ranging in scope from the passenger terminals to
the airport fire station (Gatwick Airport, 2023b).

4.3. London Gatwick Airport Energy Sources

London Gatwick Airport’s two principal energy sources
are electricity and natural gas. London Gatwick Airport
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uses energy 24 hours a day to operate the airfield, the
airport’s two terminal buildings and the operation of more
than 120 businesses based at the airport. The largest
percentage of energy is used for the airport’s lighting,
heating, and cooling of buildings. The airport buildings
have a large number of lifts, escalators, as well as
passenger walkways. The airport’s baggage handling
system, the fixed electrical ground power system (FEGP)
for aircraft and the lighting for stands, taxiways, car parks
and the runway plus there is a system for the baggage
also require energy (Bilton, 2019). Natural gas is primarily
used for heating buildings (Gatwick Airport, 2017).
England has cold winters (Lamb, 2011), and thus, the
airport needs to provide heating for its buildings during the
cold winter months.

It is important to note that not all the energy used on the
airport is within Gatwick’s direct control, as over a third of
energy is re-sold to third party businesses (Gatwick
Airport Limited, 2017). During the period 2019 to 2021,
London Gatwick Airport also procured and used vehicle
and equipment fuel (MI), refrigerant gas, and propane
(Gatwick Airport Limited, 2022b).

In November 2016, operations commenced at London
Gatwick Airport’s waste processing and biomass
generation facility (Baxter & Srisaeng, 2022). Following
the commencement of operations of this new facility,
London Gatwick Airport was the first airport in the world
that could legally dispose of Category 1 waste on site
(Gatwick Airport Limited, 2017; James, 2017; Manuel,
2016). At London Gatwick Airport, Category 1 and other
types of organic waste are converted into biomass fuel that
is used to power the processing plant and provide heating
for the airport’s North Terminal (James, 2017; Manuel,
2016). The system also heats Gatwick’s waste
management site (Bioenergy Insight, 2017). The waste
plant also provides power to the site’s water recovery
system (Lyons Hardcastle, 2017). London Gatwick Airport
contributes to a lower carbon grid through its procurement
of 100% certified renewable electricity. The airport has
purchased this 100% certified renewable electricity since
2013 (Bilton, 2019; Gatwick Airport Limited, 2019).

4.4. London Gatwick Airport Annual Energy
Consumption

London Gatwick Airport’s total annual energy
consumption and the year-on-year change (%) from 2014-
2021 is presented in Figure 3. Figure 3 shows that there
were two discernible trends in the airport’s total annual
energy consumption during the study period. There was a
general upward trend from 2014 to 2018, at which time it
increased from 199,885 MWh in 2014 to a high of 215,392
MWh in 2018 (Figure 3). The most significant annual
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increase in this metric during this period was recorded in
2016, when the airport’s total annual energy consumption
increased by 4.21% on the 2015 levels (Figure 3). Over the
period 2014 to 2018, London Gatwick Airport annual
enplaned passengers and aircraft movements increased on
a year-on-year basis. Consequently, there was a slightly
greater energy requirement to accommodate the growth in
passenger traffic and aircraft movements during the period
2014 to 2018. Figure 3 also shows that the airport’s annual
energy consumption decreased on a year-on-year basis in
2019. In 2019, the airport’s annual energy consumption
decreased by 1.61% on the 2018 levels. This was a
favorable outcome as the airport handled higher levels of
passenger traffic in 2019, and this passenger growth was
accommodated without an increase in additional energy
consumption. Figure 3 shows that London Gatwick
Airport’s annual energy consumption decreased by 35.25%
on the 2019 levels (Figure 3). This decrease reflected
lower levels of passenger traffic and aircraft movements
due to the CORONA-19 virus pandemic and the associated
government and airline response measures. In 2021,
London Gatwick Airport’s consumed 136,854.42 MWh of
energy (Figure 3). This was the lowest annual amount of
energy consumed by the airport during the study period
and represented a 0.24% decrease on the 2020 levels.

Total Annual Energy Consumption
=
N
3

._.
]
Year-on-Year Change (%)

e Total Annual Energy Consumption (MWh)  es==Year-on-Year Change (%)

Fig.3: London Gatwick Airport’s Total Annual Energy
Consumption and Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 2021a, 2022b).

4.5. London Gatwick Airport Annual Electricity
Consumption

London Gatwick Airport’s annual electricity consumption
and the year-on-year change (%) from 2014 to 2021 is
presented in Figure 4. As can be observed in Figure 4,
London Gatwick Airport’s annual electricity consumption
fluctuated over the period 2014 to 2021. There were three
years in this period where the airport’s annual electricity
consumption increased on a year-on-year basis. These
increases occurred in 2016 (+3.13%), 2017 (+1.39%), and
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2018 (+1.8%), respectively (Figure 4). The airport handled
higher levels of passenger traffic and aircraft movements
in these respective years. These increases in both
passengers and aircraft movements had a concomitant
impact on the amount of electricity that was needed to
handle the increased passenger traffic and aircraft
movements. During the period 2014 to 2021, there were
four years where the airport’s annual electricity
consumption decreased on a year-on-year basis. These
annual decreases were recorded in 2015 (-3.17%), 2019 (-
2.15%), 2020 (-37.75%), and 2021 (-8.05%) respectively
(Figure 4). In 2015 and 2019, the airport handled
increased passenger volumes and was able to
accommodate this traffic growth without an associated
increase in its electricity consumption, which is a very
favorable outcome. As previously noted, the airport
handled significantly fewer passengers and aircraft
movements in 2020 and 2021 due to the COVID-19 virus
pandemic and this too contributed to the lower electricity
requirements in 2020 and 2021. Over the period 2014 to
2021, the airport’s highest annual electricity consumption
occurred in 2018 (154,212.37 MWh), whilst the lowest
annual electricity consumption was recorded in 2021
(89,108.60 MWh) (Figure 4).

Annual Electricity Consumption

‘fear-on-Year Change (%)

2014 2015 2016 2017 2018 2019 2020 2021

Annual Electricity Consumption {(MWh) " ear-on-Yea Change (%)

Fig.4: London Gatwick Airport’s Annual Electricity
Consumption and Year-on-year Change: 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

An important measure of an airport’s energy efficiency is
the energy consumption (electricity, gas, or fuel) per
enplaned passenger (Graham, 2005) or per workload unit
(WLU) (Baxter et al., 2018). One workload (WLU) or
traffic unit is equivalent to one passenger, or 100
kilograms of air cargo handled (Doganis, 2005; Graham,
2005; Teodorovi¢ & Jani¢, 2017). London Gatwick
Airport’s annual electricity consumption per workload unit
(kWh/WLU) and the associated year-on-year change (%)
from 2014-2021 is presented in Figure 5. Figure 5 shows
that there were two discernible trends in this metric during
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the study period. There was an overall downward trend in
this metric over the period 2014 to 2019. This overall
downward trend is demonstrated by the year-on-year
percentage change line graph, which is more negative than
positive, that is, all bar one value is below the line. Over
this period, there was a single year when the annual
electricity consumption per workload unit (WLU)
increased on a year-on-year basis. This increase occurred
in 2018, at which time the annual electricity consumption
per workload unit (WLU) increased by 0.90% on the 2017
levels (Figure 5). The airport’s annual electricity
consumption increased by 1.8% in 2018 and this was
higher than the 1.12% increase in passenger traffic in
2018. As a result, the annual electricity consumption per
workload unit (WLU) increased on a year-on-year basis in
2018. Over the period 2014 to 2019, the two most
significant annual decreases in the airport’s electricity
consumption per workload unit (WLU) occurred in 2015 (-
8.16%) and 2017 (-4.04%) (Figure 5). These annual
decreases were very favorable as London Gatwick Airport
handled higher passenger traffic volumes in both 2015 and
2017, and the airport was able to accommodate this
passenger traffic growth whilst also reducing the amount
of electricity consumed per passenger or per workload unit
(WLU) in these respective years. Figure 5 shows that in
2020, the airport’s annual electricity consumption per
workload unit (WLU) increased by 194.13% on the 2019
levels. This was the most significant annual increase in this
metric during the study period. This significant annual
increase in 2020 could be attributed to the airport’s annual
electricity consumption decreasing by 35.73% whilst
passenger volumes declined by 78.17% in 2020, and thus,
there were fewer passengers or workload units (WLUS)
available to spread the airport’s annual electricity
consumption over in 2020. A similar situation occurred in
2021, when this metric increased by 49.52% on the 2020
levels (Figure 5). In 2021. The airport’s annual passenger
traffic decreased by 38.46% on the 2020 levels, whilst its
annual electricity consumption decreased by 8.05% on the
2020 levels. So, once again, there were fewer workload
units (WLUs) available to spread the slightly lower
electricity consumption over. As noted earlier, in both
2020 and 2021, London Gatwick Airport’s passenger
traffic was impacted by the COVID-19 pandemic and the
related pandemic response measures. This led to the
situation where the electricity consumption per workload
(WLU) increased on a year-on-year basis in both years.
However, it is important to note that London Gatwick
Airport procures 100% certified renewable electricity so
the higher annual electricity consumption per workload
unit (WLU) in 2020 and 2021 is still friendly from an
environmental perspective given that renewable energy is
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regarded as being an environmentally friendly energy
source (Jager-Waldau et al., 2011). Indeed, renewable
electricity reduces environmental harm (Sovacool, 2010).

16.00 250
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Workload Unit {WLL)

Annual Electricity Consumption Per
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Annual Electricity Consumption Per Workload Unit (kKWh)

' ear-on-Yea Change (%)

Fig.5: London Gatwick Airport’s Annual Electricity
Consumption Per Workload Unit (WLU) and Year-on-Year
Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

An airport’s energy efficiency can also be measured by
energy consumed per aircraft movement (Jani¢, 2011).
London Gatwick Airport’s annual electricity consumption
per aircraft movement and the associated year-on-year
change (%) from 2014 to 2021 is depicted in Figure 6.
Figure 6 shows that there was a general downward trend in
the annual electricity consumed per aircraft movement
over the period 2014 to 2019. This overall downward trend
is demonstrated by the year-on-year percentage change
line graph, which is more negative than positive, that is, all
bar one value is below the line. This is a very favorable
result and shows that the airport has been able to handle
more aircraft each year without incurring a concomitant
increase in the amount of electricity consumed per aircraft
movement. Figure 6 shows that the annual electricity
consumption per aircraft movement increased by 1.85% in
2018. In 2018, the annual aircraft movements increased by
0.68%  whereas the airport’s annual electricity
consumption increased by 1.80%, and this resulted in the
higher annual electricity consumption per aircraft
movement in 2018. The largest single annual decrease in
electricity consumption per aircraft movement was
recorded in 2015, at which time it decreased by 3.57% on
the 2014 levels (Figure 6). Figure 6 shows that there was a
very pronounced spike in this metric in 2020, at which
time it increased by 135.18% on the 2019 level. As noted
earlier, the airport’s annual electricity consumption in
2020 decreased at a lower level than the annual reduction
in the number of aircraft movements at the airport, and
thus, this translated into the higher electricity consumption
per aircraft movement in 2020. The same situation
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occurred in 2021, at which time the airport’s annual
aircraft movements decreased at a higher rate than the
decrease in electricity consumption, and thus, there were
fewer aircraft movements to spread the reduced electricity
consumption over in 2021.

It is important to note that over the past two decades or so,
the size of commercial aircraft has increased. The Airbus
A380 first entered commercial service with Singapore
Airlines in October 2007 (Jackson, 2021; Simons, 2014).
Singapore Airlines was the first airline to take delivery of
the Airbus A380 (Flottau, 2023). The Airbus A380 is the
world’s largest passenger aircraft (Marsch, 2016;
Vermeeren, 2003). Due to its size, the Airbus A380 can
carry at once approximately twice as many passengers as
any other medium-sized aircraft (Ussinova et al., 2018).
Emirates Airline operates the Airbus A380 to London
Gatwick Airport. In February 2000, Boeing Commercial
Airplanes announced the launch of two new longer-range
Boeing 777s (Kemp, 2007). Depending upon the aircraft
cabin configuration selected by airlines, the Boeing B777-
300ER can carry around 20% more passengers than the
Boeing B777-200 (Aviation Week & Space Technology,
1998). The Boeing B777-300ER entered commercial
service in April 2004 (Eden, 2017). The Boeing 747-8
Intercontinental passenger aircraft’s first commercial flight
took place on 1 June 2012 (Asian Aviation, 2012). The
Boeing 787-8 entered commercial service in 2011, whilst
the Boeing 787-9 entered commercial service in August
2014 (Hitt et al., 2019; Kumar & Padture, 2018). The
Airbus A350-900XWB first commercial flight was
operated by Qatar Airways in 2014 (Aircraft Commerce,
2015). Singapore Airlines took delivery of the first Boeing
787-10 on March 14th, 2018 (Davis & Davis, 2020). The
Boeing 787-8 is around 20 seats larger than the Boeing
767-300ER, whilst the Boeing 787-9 has about 20 seats
more capacity than the A330-200 (Aircraft Commerce,
2016).

London Gatwick Airport’s annual electricity consumption
as a share of the airport’s total annual energy consumption
and the associated year-on-year change (%) from 2014 to
2021 is depicted in Figure 7. Figure 7 shows that the
airport’s annual electricity consumption as a share of total
energy consumption has exhibited an overall downward
trend, decreasing from a high of 74.85% in 2014 to a low
of 65.11% in 2021. This overall downward trend is once
again demonstrated by the year-on-year percentage change
line graph, which is more negative than positive, that is, all
bar one value is below the line. Figure 7 shows that this
metric increased by 1.06% in 2017. This increase could be
attributed to the airport’s increased annual electricity
consumption in 2017 (+1.39%) and the lower annual gas
consumption (-2.32%) in the same year. The most
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significant annual decrease in this metric was recorded in
2021, at which time it decreased by 7.82% on the 2020
levels. This decrease came about because of the lower
annual electricity consumption (-8.05%) and increased gas
consumption (+18.54%) in 2021. Figure 7 shows that
electricity was still the largest energy source used by the
airport during the study period (2014 to 2021).

@
Year-on-year Change (%)

Annual Electricity Consumption Per
Airraft Movement
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Fig.6: London Gatwick Airport’s Annual Electricity
Consumption Per Aircraft Movement and Year-on-Year
Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).
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Fig.7: London Gatwick Airport’s Annual Electricity
Consumption as a Share of Total Energy Consumption and
Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

45. London
Consumption

Gatwick  Airport Natural Gas

As previously noted, natural gas is one of London Gatwick
Airport’s key energy sources. Natural gas (NG) is a
naturally gaseous hydrocarbon mixture that is formed
beneath the earth’s surface (Faramawy et al., 2016;
Speight 2019). Natural gas is a clean burning fuel
(Papagiannakis et al., 2010). Natural gas (NG) is regarded
as the cleanest fossil fuel and is a safe source of energy
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when transported, stored, and used (Faramawy at al.,
2016). Thus, natural gas is widely considered to be an
environmentally cleaner fuel than coal (Cathles et al.,
2012; Liang et al., 2012; Pilavachi et al., 2009).

London Gatwick Airport’s total annual natural gas
consumption and the year-on-year change (%) from 2014
to 2021 is presented in Figure 8. As has been previously
noted, at London Gatwick Airport, natural gas is primarily
used for heating buildings and so gas use at the airport is
significantly affected by the prevailing winter weather
conditions (Gatwick Airport, 2017). As can be observed in
Figure 8, there were two discernible trends in London
Gatwick Airport’s annual gas consumption during the
study period. Over the period 2014 to 2018, there was a
general upward trend in London Gatwick Airport’s annual
gas consumption, when it increased from 50,278.09 MWh
in 2014 to a high of 61,179.86 MWh in 2018 (Figure 8).
Figure 8 shows that there was quite a pronounced spike in
this metric in 2015, when it increased by 11.95% on the
2014 levels due to the higher gas requirements at the
airport in 2015 (Figure 8). There was a further increase in
this metric in 2016, when it increased by 5.14% on the
2015 levels, with this increase being the result of higher
natural gas usage requirements. In 2018, the airport’s
annual gas consumption increased by 5.82%, the third
highest annual increase in the study period, and this
increase higher natural gas usage patterns (Figure 8).
During the early years of the study period, that is, 2014 to
2018, there was a single year when the airport’s annual
natural gas consumption decreased on a year-on-year
basis. This decrease occurred in 2017, when it decreased
by 2.32% on the 2016 levels. This decrease could be
attributed to a lower natural gas usage requirement in
2017. Figure 8 shows that the airport’s annual natural gas
consumption once again decreased on a year-on-year basis
in 2019 (-0.26%), and 2020 (-33.99%). As noted earlier,
the airport’s annual passenger and aircraft movements in
2020 were adversely impacted by the COVID-19 virus
pandemic and the related government and airline response
measures and these factors led to the airport’s lower gas
requirements in 2020. Figure 8 shows that London
Gatwick Airport’s annual natural gas consumption
increased by 18.54% in 2021. Colder than average
conditions were experienced in England in the early part of
2021 and the 2021 winter was colder than average (The
Met Office, 2021).
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Fig.8: London Gatwick Airport’s Annual Natural Gas
Consumption and Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

London Gatwick Airport’s annual natural gas consumption
per workload unit (kWh/WLU) and the associated year-on-
year change (%) from 2014 to 2021 is depicted in Figure 9.
As can be observed in Figure 9, London Gatwick Airport’s
annual natural gas consumption per workload unit (WLU)
oscillated over the study period. Figure 9 shows that there
were two years during the period 2014 to 2020 where the
airport’s annual natural gas consumption per workload unit
(WLU) increased on a year-on-year basis. These annual
increases were recorded in 2015 (+6.06%), and in 2018
(+4.72%), respectively (Figure 9). These increases were
due to the airport’s higher natural gas consumption in both
2015 and 2018, which increased at a higher rate than the
annual passenger growth rate in these respective years.
Figure 9 shows that there was a very significant spike in
this metric in 2020, when it increased by 202.29% on the
2019 levels (Figure 9). This increase could be attributed to
the lower number of passengers handled at the airport in
2020. In 2020, passenger traffic declined by 78.17%, whist
natural gas consumption declined by 33.99%. A different
situation occurred, however, in 2021, when this metric
increased by 92.67% on the 2020 levels (Figure 9). In
2021, the airport’s annual passenger traffic or workload
units (WLUSs) decreased by 38.46% on the 2020 levels,
whilst the airport’s natural gas consumption increased by
18.54%. This led to the situation where there were fewer
workload units (WLUSs) available to spread the increased
natural gas consumption over in 2021.
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Fig.9: London Gatwick Airport’s Annual Natural Gas
Consumption Per Workload Unit (WLU) and Year-on-Year
Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

London Gatwick Airport’s annual natural gas consumption
as a share of the airport’s total annual energy consumption
and the associated year-on-year change (%) for the period
2014 to 2021 is depicted in Figure 10. Figure 10 shows
that there has been a general upward trend in London
Gatwick Airport’s natural gas consumption as a share of its
total energy consumption. This general upward trend is
once again demonstrated by the year-on-year percentage
change line graph, which is more positive than negative,
that is, all bar one value is above the line. Figure 10 shows
that there was a spike in this metric in 2015, when it
increased by 11.84% on the 2014 levels. The airport’s
annual electricity consumption decreased on a year-on-
year basis in 2015, whereas the natural gas consumption
increased by 11.95% in that year. There were several
smaller annual increases in this metric during the study
period. These increases were recorded in 2016 (+0.88%),
2018 (+2.82%), 2019 (+1.37%), and 2020 (+1.97%),
respectively (Figure 10). In 2016 and 2018, the airport’s
annual natural gas consumption increased at a higher rate
than the airport’s annual electricity, and hence, this led to
the natural gas consumption as a share of total energy
consumption being higher in both 2016 and 2018. In 2019
and 2020, the airport’s natural gas consumption decreased
at a lower rate than the airport’s electricity consumption,
and this resulted in the natural gas consumption accounting
for a greater share of the airport’s annual energy
consumption. Figure 10 shows that there was a quite
pronounced spike in this metric in 2021, at which time it
increased by 18.83% on the 2020 levels. As previously
noted, London Gatwick Airport’s annual natural gas
consumption increased by 18.54% in 2021, whilst its
annual electricity consumption decreased by 8.05%, and
thus, these disparities in the energy consumption trends
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resulted in natural gas consumption accounting for a
higher share of the airport’s total annual energy
consumption in 2021.
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Fig.10: London Gatwick Airport’s Annual Natural Gas
Consumption as a Share of Total Energy Consumption and
Year-on-Year Change (%): 2014-2021.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214, 2022b).

4.6. London Gatwick Airport Annual Onsite
Renewable Energy Generation

As noted earlier, London Gatwick Airport has installed a
waste-to-energy (WTE) system that produces renewable
energy from the biomass boiler and the system also
produces heating. London Gatwick Airport’s annual onsite
renewable energy generation and the associated year-on-
year change (%) from 2014 to 2020 is depicted in Figure
11. Figure 11 shows that the airport’s annual onsite
renewable energy generation oscillated throughout the
study period. The highest annual onsite renewable
generation was recorded in 2017, at which time the airport
produced 57.09 MWh of renewable energy. The lowest
annual onsite renewable generation was recorded in 2019,
at which time the airport produced 33.99 MWh of
renewable energy (Figure 11). Figure 11 shows that there
were two pronounced spikes in this metric during the study
period. The first spike was recorded in 2017, at which time
it increased by 31.74% on the 2016 levels, and in 2020,
when it increased by 32.85% on the 2019 levels (Figure
11). The airport was able to increase its operational and
commercial waste recovered for energy (%) in both 2017
and 2020. Figure 11 also shows that there were two quite
pronounced annual decreases in this metric during the
study period. These decreases were recorded in 2016 (-
18.35%), and 2019 (-36.97%), respectively (Figure 11).
The airport’s annual operational and commercial waste
recovered for energy (%) declined quite significantly in
2019 (Gatwick Airport Limited, 2020b).
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Fig.11: London Gatwick Airport’s Annual On-Site
Renewable Energy Generation and Year-on-Year Change
(%): 2014 -2020).

Note: 2021 data not available.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 20214a).

London Gatwick Airport’s annual onsite renewable energy
consumption as a share of total energy consumption and
the associated year-on-year change (%) from 2014 to 2020
is depicted in Figure 12. Figure 12 shows that this metric
oscillated over the study period, decreasing from a high of
74.8% in 2014 to a low of 70.6% in 2020. There was one
year in the study period where this metric increased on a
year-on-year basis. This increase occurred in 2017, when it
increased by 1.1% on the 2016 levels. The most significant
single annual decrease in this metric was recorded in 2015,
when it decreased by 3.20% on the 2014 levels (Figure
12). This decrease in 2015 reflected differing energy
consumption and energy production patterns in that year.
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Fig.12: London Gatwick Airport’s Annual Renewable
Energy Consumption as a Share of Total Energy
Consumption and Year-on-Year Change (%): 2014 -2020).

Note: 2021 data not available.

Source: Data derived from Gatwick Airport Limited (2017,
2019, 2021a).

An important environmental benefit of the waste-to-energy
(WTE) system at London Gatwick Airport is that it
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generates 1MW of renewable energy from the biomass
boiler (Walker, 2016). London Gatwick Airport’s waste-
to-energy plant can also generate 22,500kW of heat each
day. Importantly, green, or renewable energy, produces no
greenhouse gas emissions from the combustion of fossil
fuels. Consequently, this reduces some forms of harmful
air pollution (United States Environmental Protection
Agency, 2022). In addition, the use of green or renewable
energy sources enables a firm or user to reduce their
dependency on fossil fuels, improve their energy
efficiency, and mitigate their greenhouse gas emissions
(Arman & Yuksel, 2013).

4.7. London Gatwick Airport Energy Saving Measures

Airports all around the world are increasingly focusing on
energy efficiency and, as a result, are implementing energy
saving measures. The improvement of energy efficiency
and environmental performance of buildings is
increasingly regarded as being a major priority for airports
all around the world (Fesanghary et al., 2012). In recent
years, there has been a growing interest in targeting energy
efficiency as a roadmap for carbon mitigation strategies
and measures, limiting energy use, improving buildings’
energy performance, and reducing energy consumption for
achieving sustainable buildings (Hafez et al., 2023).
Energy efficiency through investment in energy saving
measures leads to long lasting results for the firm
(Henryson et al., 2000). The measures employed to save
energy vary in nature, and the decision maker is required
to establish an optimal solution, considering multiple and
usually  competitive  objectives such as energy
consumption, financial costs, environmental performance,
and so forth (Diakaki et al., 2010). Furthermore, saving
energy has an important role in the concerted actions to
mitigate the effects of global warming, especially the
energy consumed by the existing buildings (with various
energy consuming functions, or possibly inefficient
energy), by implementing environmentally friendly
solutions (Prada et al., 2020). Consequently, a very
important trend in recent times has been the introduction of
a wide range of energy saving measures by airports
(Baxter, 2021; Emeara et al., 2020). These energy saving
measures are enabling airports to optimize their energy
consumption, whilst at the same time mitigating their
impact on the environment. Gatwick Airport Limited has
been one such company that has implemented various
energy efficiency measures and these are discussed below.

During 2016, “Airport Cars”, London Gatwick Airport’s
on-airport taxi provider, began introducing electric and
hybrid vehicles to its fleet, including state-of-the-art Tesla
cars. The use of electric powered vehicles enabled Airport
Cars to provide emission-free travel within a 10-mile
radius of the Airport. In 2016, the airport joined the
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Government’s “Go Ultra Low Companies” initiative and in
the same year London Gatwick Airport launched a low-
emission taxi service with Airport Cars, the airport’s on-
airport taxi company (Gatwick Airport Ltd, 2017).

In April 2016, the airport opened its new Pier 1, a modern
pier and combined baggage handling facility that was
designed to meet its latest technical standards. The new
Pier 1 incorporated high efficiency lighting, heating,
ventilation, and air conditioning (HVAC) and baggage
systems. In 2016, major project work was undertaken in
the airport’s North Terminal to create a new passenger
security area, provide a large new airline check-in facility
as well as the refurbishment of international arrivals; all
these projects enabled the airport to upgrade the energy
efficiency of lighting, controls, and plant. The airport also
commenced a program to relocate several airlines to
different terminals - the “Airline Moves” project. This
project involved the refurbishment of offices, passenger
lounges, workshops, passenger check-in and other
facilities; this work allowed many systems to be upgraded
in terms of energy efficiency — many directly by the
airport. In particular, third-party office accommodation in
Jubilee and Atlantic House, was fully fitted out to Gatwick
Airport Limited technical standards which included energy
efficient LED lighting and controls. Also, in 2016, London
Gatwick Airport announced the first point-to-point electric
car sharing service at a UK airport, opened its new Pier 1,
which features high efficiency lighting and baggage
systems, completed major upgrades to the North Terminal
passenger check-in, security, and arrivals areas, which
incorporated energy efficient lighting and controls. The
airport also commenced a multi-year program to
decentralize its South Terminal boiler plant during 2016
(Gatwick Airport, 2017).

London Gatwick Airport is investing in electric vehicle
infrastructure for airport operations and public transport.
As part of this policy, the airport’s fleet of light medium
duty vehicles that can be replaced with suitable electric
models are being replaced at the end of their life cycles. In
2017, the airport also trialed the VVolkswagen e-Crafter van
in pre-production, becoming the first UK-based airport to
do so. In addition, the airport was the first United
Kingdom-based airport to take up the “Bluecity” electric
car sharing service (Gatwick Airport Limited, 2018b). The
replacement of internal combustion engine powered airport
ground support vehicles and equipment with cleaner
energy powered vehicles could potentially reduce carbon
dioxide (COp), carbon monoxide (CO), hydrocarbons
(HC), nitrogen oxides (NOXx), and particulate matter (PM)
(Gellings, 2011). This is because electric powered vehicles
(EVs) have high energy efficiency and low pollutant and
greenhouse gas (GHG) emissions when compared with
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conventional internal combustion engine vehicles (ICEVS)
(Zhao et al., 2015).

Airports are increasingly installing light-emitting diodes
(LED) systems as an energy efficiency and reduction
measure (Budd et al., 2015; Freyssinier, 2014). Light-
emitting diodes (LEDs) are regarded as being a practical
option for airports due to airport’s requirements for
colored light as well as low light output requirements
(Baxter et al., 2018). In 2017, London Gatwick Airport
completed the second phase of a multi-year runway
lighting upgrade by installing over 550 light emitting diode
(LED) “threshold and approach” lights that are used guide
incoming aircraft to the airport. The light emitting diode
(LED) lights have a lifespan of 50,000 hours and are 50%
more energy efficient than the previous halogen lights. In
2012, the airport’s main runway lighting was switched to
light emitting diode (LED) lighting, so Gatwick’s runway
lighting, which is comprised of 1,100 individual lights, is
now 100% LED-based (Gatwick Airport, 2018b).
Importantly, LED light sources have significantly lower
maintenance costs due to their lower power requirements
and have a longer life span (Bullough, 2012; Stasinopoulos
et al., 2009; Steele et al., 2016). LED lighting is also
regarded as being more environmentally friendly (Atlas,
2013; Lee et al., 2020; Roland, 2018). Also, in 2017, the
airport completed Phase 2 of the South Terminal boiler
plant decentralization program as well as three large scale
terminal lighting upgrade projects (Gatwick Airport,
2018b).

London Gatwick Airport has introduced more than 200
charging points that are to charge electric-powered ground
service equipment (GSE). Installing electric charging
stations enables an airport to support sustainable ground
transportation (Nam, 2019). In addition, fixed electrical
ground power systems (FEGP) are fitted at all the airport’s
aircraft parking stands. Also, in 2018, the airport
completed the full refurbishment of its airfield
maintenance  workshop  building.  The  building
refurbishment included a complete upgrade of the building
fabric, HVAC system, and lighting. The airport also
progressed designs for Phase 3 of the South Terminal
boiler plant decentralization (Gatwick Airport, 2019).

In 2020, London Gatwick Airport continued to work on
infrastructure planning for electric and fuel-cell vehicle
with partners including Metrobus, UKPNS, Gridserve and
Source London (Gatwick Airport, 2020b).

The low-cost carrier (LCC) Easyjet, in partnership with
World Fuel Services, has introduced an electric hydrant
dispenser system at London Gatwick Airport which will
serve the airline’s fleet at the airport (Craig, 2021; Otley,
2021). This system was the first in the United Kingdom.
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Based on diesel equivalents which are estimated to burn
6,630 litres of diesel every year, the new electric hydrant
dispenser can reduce 18,000 kgs of carbon dioxide (CO,)
emissions annually. The electric hydrant dispenser adds to
the electric ground services equipment (GSE) already
supporting Easyjet aircraft operations at London Gatwick
Airport (Otley, 2021). As noted earlier, ground service
equipment (GSE) refers to vehicles and equipment that are
used in the airport precinct to service aircraft whilst they
are at the gate in between flights (Hazel et al., 2011). At
London Gatwick Airport, 40% of the airfield’s ground
support equipment (GSE) is electric, including baggage
tugs and an increasing number of pushback tugs and
aircraft high loaders (Gatwick Airport, 2023c).

4.8. The Use of Sustainable Aviation Fuel (SAF) at
London Gatwick Airport

Prior to examining the deployment of sustainable aviation
fuels (SAF) at London Gatwick Airport, it is important to
note that one of the most significant trends in the global
aviation industry in recent times has been the uptake in the
use of sustainable aviation biofuel. Airlines now regard the
use of aviation biofuel as being a key environmental
sustainability measure (Baxter et al., 2020; Bittner et al.,
2015; Cortez et al., 2015). As a result, alternative jet fuel
(AJF) technologies have gained considerable interest and
are now regarded as a way for the air transport industry to
achieve large, near-term emissions reductions (Staples et
al., 2014). The use of renewable jet fuels (RJFS) is being
viewed as an option for the aviation sector meeting its
greenhouse gases (GHG) reduction targets (Capaz et al.,
2020). Consequently, aviation biofuels are therefore
becoming an important substitute for fossil fuel in the
airline industry. The use of aviation biofuels help with an
airline’s sustainability goals as they are environmentally
friendly (Su et al., 2015). Furthermore, the replacement of
fossil fuels by sustainable aviation biofuels is one of the
principal strategies adopted by airlines to decrease their
carbon dioxide (CO2) emissions by 50% by 2050 (Bauen
& Nattrass, 2018; Dodd et al., 2018).

On 3rd October 2018, Gatwick welcomed Virgin
Atlantic’s history making flight VS16 from Orlando. This
was the first commercial flight into the United Kingdom
with fuel made partly from industrial waste gas missions.
In a process pioneered by LanzaTech, waste emissions are
converted into ethanol alcohol which is blended with
conventional jet fuel (Gatwick Airport, 2019).

In October 2021, London Gatwick Airport utilized
sustainable aviation fuel (SAF) on all Easyjet flights that
were operated during the COP26 climate conference that
was held in Glasgow, Scotland. The first of a total of 42
Easyjet flights departed the airport on 19 October 2021,
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and this flight was powered by a 30 percent Neste SAF
blend. This was the first flight to depart from the airport
that has used sustainable aviation fuel (SAF). The flight
was also the first usage by any easyJet service operating in
the United Kingdom (International Airport Review, 2021b;
Otley, 2021).

The sustainable aviation fuel (SAF) was delivered by
Q8Aviation to Gatwick. The SAF, which was
manufactured by Neste, was produced from 100 per cent
renewable and sustainable waste and residue raw
materials, such as used cooking oil and animal fat waste
(Craig, 2021; Otley, 2021). For delivery into aircraft, the
sustainable aviation fuel (SAF) is blended with Jet A-1
fuel at a depot upstream of Gatwick Airport to create a
drop-in fuel that is compatible with existing aircraft
engines and the airport infrastructure. Q8Aviation then
delivers the fuel to the main storage tanks at Gatwick
Airport for supply to Easylet aircraft via the airport’s
hydrant system (International Airport Review, 2021b;
Otley, 2021).

V. CONCLUSION

This case study, which was based on an in-depth
longitudinal research design, has examined London
Gatwick Airport’s energy management. The case study
covered the period 2014 to 2021. The qualitative data used
in the study was examined by document analysis.

London Gatwick Airport has two principal energy sources:
electricity and natural gas. During the period 2019 to 2021,
London Gatwick Airport also procured and used vehicle
and equipment fuel (MI), refrigerant gas, and propane. The
case study revealed that London Gatwick Airport
contributes to a lower carbon grid through its procurement
of 100% certified renewable electricity. The airport has
purchased this 100% certified renewable electricity since
2013. This measure has enabled the airport to mitigate its
environmental impact. An important energy-related
development at London Gatwick Airport, has been the
airport’s waste processing and biomass generation facility,
which began operations in November 2016. At London
Gatwick Airport, Category 1 and other types of organic
waste are converted into biomass fuel that is used to power
the processing plant and provide heating for the airport’s
North Terminal. The system also heats London Gatwick
Airport’s waste management site. The waste plant also
provides power to the site’s water recovery system.

The case study also showed that London Gatwick
Airport’s annual electricity consumption fluctuated over
the period 2014 to 2021. There were four years in this
period where the airport’s annual electricity consumption
increased on a year-on-year basis. These increases
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occurred in 2016 (+3.13%), 2017 (+1.39%), and 2018
(+1.8%), respectively. The airport handled higher levels of
passenger traffic and aircraft movements in these
respective years. These increases in both passengers and
aircraft movements had a concomitant impact on the
amount of electricity that was needed to handle the
increased passenger traffic and aircraft movements.
During the period 2014 to 2021, there were four years
where the airport’s annual electricity consumption
decreased on a year-on-year basis. These annual decreases
were recorded in 2015 (-3.17%), 2019 (-2.15%), 2020 (-
37.75%), and 2021 (-8.05%), respectively.

The case study revealed that there were two discernible
trends in London Gatwick Airport’s annual natural gas
consumption. Over the period 2014 to 2018, there was a
general upward trend in London Gatwick Airport’s annual
gas consumption. In the latter years of the study, that is,
2019 and 2020, there was a downward trend in the
airport’s natural gas consumption. Like other airports
around the world, London Gatwick Airport was impacted
by the COVID-19 pandemic and the related pandemic
response measures in both 2020 and 2021. In 2021, the
airport’s annual; natural gas consumption increased by
18.54%. England experienced a cold winter in 2021, and
thus, this had a concomitant impact on the airport’s heating
requirements in 2021.

Throughout the study period, London Gatwick Airport
introduced a range of energy efficiency related measures.
These measures include the installation of high efficiency
lighting, heating, air conditioning, and ventilation (HVAC)
systems, the upgrading of the airport’s boiler plant, the
installation of an electricity powered hydrant dispenser,
and the installation of more energy efficient light emitting
diode (LED) lighting. The airport is also replacing its fleet
of airport vehicles with electric powered vehicles. In
addition, the airport is transitioning towards the use of
electricity powered ground service equipment (GSE).

REFERENCES

[1] Abdallah, A.S.H., Makram, A., & Abdel-Azim Nayel, M.
(2021). Energy audit and evaluation of indoor
environment condition inside Assiut International Airport
terminal building, Egypt. Ain Shams Engineering Journal,
12(3), 3241-3253.
https://doi.org/10.1016/j.asej.2021.03.003

[2] Aircraft Commerce. (2015). 787 & A350 XWB: How do
they reduce maintenance costs? Aircraft Commerce, 102,
16-23.

[3] Aircraft Commerce. (2016). Fuel burn & operating
performance of the 787-8, 787-9 and A350-900. Aircraft
Commerce, 108, 16-27.

16


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Airport Technology. (2019). VINCI acquires 50.01%
shareholding in London Gatwick Airport. Retrieved from
https://www.airport-technology.com/news/vinci-acquires-
50-01-shareholding-in-london-gatwick-airport/.
Akkucuk, U. (2020). Managing inflation and supply chain
disruptions in the global economy. Hershey, PA: IGI
Global.

Akyiiz, MK., Altuntas, O., & Ségit, M. Z. (2017).
Economic and environmental optimization of an airport
terminal ~ building’s wall and roof insulation.
Sustainability, 9(10), 1849.
https://doi.org/10.3390/su9101849

Akyuz, M.K,, Altuntas, O., Sogut, M.Z., & Karakoc, T.H.
(2019). Energy management at the airports. In T.
Karakoc, C. Colpan, O. Altuntas & Y. Sohret (Eds.),
Sustainable aviation (pp. 9-36). Cham, Switzerland:
Springer International Publishing.

Akyliz, M.K., Altuntas O., Sogut M.Z, Karakoc T.H., &
Kurama, S. (2018). Determination of optimum insulation
thickness for building's walls with respect to different
insulation materials: A case study of International Hasan
Polatkan Airport terminal. International Journal of
Sustainable Aviation, 4(2), 147-161.
https://doi.org/10.1504/13SA.2018.094228

Akyliz, M.K., Kafali, H., & Altuntagc, O. (2021). An
analysis on energy performance indicator and GWP at
airports: A case study. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 43(19), 2402-
2418. https://doi.org/10.1080/15567036.2020.1761483
Almaz, F. (2022). Use of renewable energy resources
within the scope of sustainable energy management at
airports. In H Dinger & S. Yiksel (Eds.), Clean energy
investments for zero emission projects (pp. 177-189).
Cham, Switzerland: Springer International Publishing.
Amaro, S. (2020). London airport says passenger numbers
may not return to pre-coronavirus levels until 2024.
Retrieved from
https://www.cnbc.com/2020/06/15/gatwick-and-easyjet-
criticize-uk-quarantine-as-they-look-to-reopen.html.
Andrew, D.P.S., Pedersen, P.M., & McEvoy CD. (2011).
Research methods and design in sport management.
Champaign, IL: Human Kinetics.

Ang, S.H. (2014). Research design for business &
management. London, UK: SAGE Publications.
Arblaster, M. (2017). Light-handed regulation of airport
services: An alternative approach to direct regulation? In
J.D. Bitzan & J.H. Peoples (Eds.), Advances in airline
economics (pp. 15-47). Bingley, UK: Emerald Group
Publishing.

Arman, H., & Yuksel, I. (2013). Preface. In H. Arman &
I. Yuksel (Eds), New developments in renewable energy
(pp. x1-xii). Rijeka, Croatia: InTech.

Asian Aviation. (2012). 747-8I enters commercial service.
Retrieved from https://asianaviation.com/747-8i-enters-
commercial-service/.

Atlas, R.l. (2013). 21st century security and CPTED:
Designing for critical infrastructure protection and crime
prevention (2nd ed.). Boca Raton, FL: CRC Press.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

Augustyniak, W. (2009). Impact of privatization on
airport performance: Analysis of Polish and British
airports. Journal of International Studies, 2(1), 59-65.
Aviation Week & Space Technology. (1998). 777-300
wins certifications. Aviation Week & Space Technology,
148(19), 67.

Barczak, A., Dembifska, 1., Rozmus, D., &; Szopik-
Depczynska, K. (2022). The impact of COVID-19
pandemic on air transport passenger markets-Implications
for selected EU airports based on time series models
analysis. Sustainability, 14, 4345,
https://doi.org/10.3390/su14074345

Barrett, S., Devita, P., Ho, C., & Miller, B (2014). Energy
technologies’ compatibility with airports and airspace:
Guidance for aviation and energy planners. Journal of
Airport Management, 8(4), 318-326.

Bates, J. (2019). Vinci Airports completes acquisition of
50.01% stake in Gatwick. Retrieved from https://airport-
world.com/vinci-airports-completes-acquisition-of-50-01-
stake-in-gatwick/.

Bauen, A., & Nattrass, L. (2018). Sustainable aviation
biofuels: Scenarios for deployment. In M. Kaltschmitt &
U. Neuling (Eds.), Biokerosene: Status and prospects (pp.
703-721). Berlin, Germany: Springer-Verlag.

Baxter, G. (2021). An assessment of sustainable energy
management at a major Scandinavian hub airport: The
case of Oslo Airport Gardermoen. International Journal
of Environment Agriculture and Biotechnology, 6(6), 328-
351. https://dx.doi.org/10.22161/ijeab.66.37

Baxter, G. (2022). Assessing the carbon footprint and
carbon mitigation measures of a major full-service
network airline: A case study of Singapore Airlines.
International Journal of Environment, Agriculture and
Biotechnology, 7(5), 81-107.
https://dx.doi.org/10.22161/ijeab.75.9

Baxter, G., & Srisaeng, P. (2022). Optimizing airport
sustainable waste management from the use of waste-to-
energy technology and circular economy principles: The
case of London Gatwick Airport. International Journal
for Traffic and Transport Engineering, 12(2), 176 — 195.
Baxter, G., Srisaeng, P., & Wild, G. (2018). Sustainable
airport energy management: The case of Kansai
International Airport. International Journal for Traffic
and Transport Engineering, 8(3), 334 - 358

Baxter, G., Srisaeng, P., & Wild, G. (2019).
Environmentally sustainable airport energy management
Using solar power technology: The case of Adelaide
Airport, Australia. International Journal for Traffic and
Transport Engineering, 9(1), 81 — 100.

Baxter, G., Srisaeng P., & Wild G. (2020). The use of
aviation  biofuels as an airport environmental
sustainability measure: The case of Oslo Gardermoen
Airport. Magazine of Aviation Development, 8(1), 6-17.
BBC News. (2020). Coronavirus: British Airways
suspends all Gatwick flights. Retrieved from
https://www.bbc.com/news/business-52103171.

17


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

[31]

[32]

[33]

[34]

(35]

(36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Bilton, M. (2019). Energy management at the world’s
busiest single runway airport. The EMA Magazine,
March-April, 22-24.

Bioenergy Insight. (2017). Gatwick is “first’ airport in the
world to convert waste into energy. Retrieved from
https://www.bioenergy-news.com/news/gatwick-is-first-
airport-in-the-world-to-convert-waste-into-energy/.
Bittner, A., Tyner, W.E., & Zhao, X. (2015). Field to
flight: A techno-economic analysis of the corn stover to
aviation biofuels supply chain. Bio Fuels, Bio Products &
Biorefining, 9(2), 201-210.
https://doi.org/10.1002/bbh.1536

Bodell, L. (2022). Virgin Atlantic doesn’t plan to return to
London  Gatwick this year. Retrieved from
https://simpleflying.com/virgin-atlantic-no-plan-london-
gatwick-return-2022/.

Boeren, E. (2019). Understanding  Sustainable
Development Goal (SDG) 4 on “quality education” from
micro, meso, and macro perspectives. International
Review of Education, 65, 277-294.
https://doi.org/10.1007/s11159-019-09772-7

Bowman, M., & Simmons, G. (2011). London’s airports.
Barnsley, UK: Pen and Sword Aviation.

Budd, L., & Budd, T. (2013) Environmental technology
and the future of flight. In L. Budd, S. Griggs & D.
Howarth (Eds.), Sustainable aviation futures (pp. 87-107).
Bingley, UK: Emerald Group Publishing.

Budd, L., & Ison, S. (2017). Airfield design,
configuration and management. In. L. Budd & S. Ison
(Eds.), Air transport management: An international
perspective (pp. 41-60). Abingdon, UK: Routledge.

Budd, L., & Ison, S. (2018). The airport industry. In. N.
Halpern & A. Graham (Eds.), The Routledge companion
to air transport management (pp. 48-59). Abingdon, UK:
Routledge.

Budd, T., Budd, L., & Ison, S. (2015). Environmentally
sustainable practices at UK airports. Transport, 168(2),
116-123. https://doi.org/10.1680/tran.13.00076

Bullough, J.D. (2012). Issues with use of airfield LED
light fixtures. Airport Cooperative Research Program
Synthesis 35. Washington, DC: Transportation Research
Board.

Calabrese, A., Costa, R., Gastaldi, M., Ghiron, N.L., &
Montalvan, R.A.V. (2021). Implications for Sustainable
Development Goals: A framework to assess company
disclosure in sustainability reporting. Journal of Cleaner
Production, 319, 128624.
https://doi.org/10.1016/j.jclepro.2021.128624

Capaz, R.S., de Medeiros, E.M., Falco, D.G., Seabra,
JE.A., Osseweijer, P., & Posada, JA. (2020).
Environmental trade-offs of renewable jet fuels in Brazil:
Beyond the carbon footprint. Science of The Total
Environment, 714, 136696.
https://doi.org/10.1016/j.scitotenv.2020.136696

Cardona, A., Piacentino, A., & Cardona, F. (2006).
Energy saving in airports by trigeneration. Part I:
Assessing economic and technical potential. Applied

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[58]

[56]

[57]

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

Thermal Engineering, 26(14-15), 1427-1436.
https://doi.org/10.1016/j.applthermaleng.2006.01.019
Cathles, L. M., Brown, L., Taam, M., & Hunter, A.
(2012). The greenhouse-gas footprint of natural gas in
shale formations. Climatic Change, 113: 525-535.
https://doi.org/10.1007/s10584-011-0333-0

Chourasia, A.S., Jha, K., & Dalei, N.N. (2021).
Development and planning of sustainable airports.
Journal  of  Public  Affairs, 21(1), e2145.
https://doi.org/10.1002/pa.2145

Cortez, L.A.B. (2014). Roadmap for sustainable aviation
biofuels for Brazil: A flightpath to aviation biofuels in
Brazil. Sao Paulo, Brazil: Blucher.

Craig, T. (2021). SAF makes Gatwick debut. Retrieved
from  https://www.airportsinternational.com/article/saf-
makes-gatwick-debut.

Culberson, S.D. (2011) Environmental impacts of
airports. In N.J. Ashford, S.A. Mumayiz & P.H. Wright
(Eds.), Airport engineering: Planning, design, and
development of 21st century airports (pp. 704-738) (4th
ed.). Hoboken, NJ: John Wiley & Sons.

Danjuma Mambo, A., Eftekharl, M., & Steffen, T. (2015).
Evaluation of indoor environment system performance for
airport buildings. International Journal of Sustainable
and Green Energy, 4(3), 73-84.

Davis, C.E., & Davis, E. (2020). Managerial accounting
(4th ed.). Hoboken, NJ: John Wiley & Sons.

Derrington, M.L. (2019). Qualitative longitudinal
methods: Researching implementation and change.
Thousand Oaks, CA: SAGE Publications.

de Rubeis, T., Nardi, I., Paoletti, D., Di Leonardo, A.,
Ambrosini, D., Poli, R., & Sfarra, S. (2016). Multi-year
consumption analysis and innovative energy perspectives:
The case study of Leonardo da Vinci International Airport
of Rome. Energy Conversion and Management, 128, 261-
272. https://doi.org/10.1016/j.enconman.2016.09.076
Diakaki, C., Grigoroudis, E., Kabelis, N., Kolokotsa, D.,
Kalaitzakis, K., & Stavrakakis, G. (2010). A Multi-
Obijective Decision Model for the improvement of energy
efficiency in buildings. Energy, 35(12), 5483-5496.
https://doi.org/10.1016/j.energy.2010.05.012

Dimitriou, D., & Voskaki, A. (2012). Airports’
environmental impacts: Results from the evaluation of
sixteen international airports. In Proceedings of the 1st
International Aviation Management Conference, IAMC —
2012, Dubai, UAE, 18 — 20 November 2012 (pp. 61-66).

Dimitriou, D., Voskaki, A., & Sartzetaki, M. (2014).
Airports environmental management: Results from the
evaluation of European airports environmental plans.
International. Journal of Information Systems and Supply
Chain Management, 7(1), 1-14.

Dodd, T., Orlitzky, M., & Nelson, T. (2018). What stalls a
renewable energy industry? Industry outlook of the
aviation biofuels industry in Australia, Germany, and the
USA. Energy Policy, 123, 92-103.
https://doi.org/10.1016/j.enpol.2018.08.048

18


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

[58]

[59]

[60]

[61]

[62]

(63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Doganis, R. (2005). The airport business. Abingdon, UK:
Routledge.

Dube, K., Nhamo, G., & Chikodzi, D. (2021). COVID-19
pandemic and prospects for recovery of the global
aviation industry. Journal of Air Transport Management,
92, 102022.
https://doi.org/10.1016/j.jairtraman.2021.102022

Eden, P.E. (2017). The world’s most powerful civilian
aircraft. New York, NY: The Rosen Group.

Eid, A., Saleh, M., Barakat, M., & Obrecht, M. (2022).
Airport  sustainability = awareness: A theoretical
framework. Sustainability, 14(19), 11921.
https://doi.org/10.3390/su141911921.

El Zowalaty, M.E., Young, S.G., & Jéarhult, J.E. (2020).
Environmental impact of the COVID-19 pandemic — A
lesson for the future. Infection Ecology & Epidemiology,
10(1), 1768023.
https://doi.org/10.1080/20008686.2020.1768023

Emeara, M. S., Abdelgawad, A.F.., & El Abagy, A.H.
(2021). A novel renewable energy approach for Cairo
International ~ Airport “CIA” based on Building
Information Modeling “BIM” with cost analysis. Journal
of Advanced Research in Fluid Mechanics and Thermal
Sciences, 85(2), 80-106.
https://doi.org/10.37934/arfmts.85.2.80106

Fabeil, N. F, Pazim, K. H., & Langgat, J. (2020). The
impact of Covid-19 pandemic crisis on micro-enterprises:
Entrepreneurs’ perspective on business continuity and
recovery strategy. Journal of Economics and Business,
3(2), 837-844.

Faramawy, S., Zaki, T., & Sakr, A.A.E. (2016). Natural
gas origin, composition, and processing: A review.
Journal of Natural Gas Science and Engineering, 34, 34-
54. https://doi.org/10.1016/j.jngse.2016.06.030

Ferrulli, P. (2016). Green airport design evaluation
(GrADE) — Methods and tools improving infrastructure
planning. Transportation Research Procedia, 14, 3781-
3790. https://doi.org/10.1016/j.trpro.2016.05.463
Fesanghary, M., Asadi, S., & Geem, Z.W. (2012). Design
of low-emission and energy-efficient residential buildings
using a Multi-Objective  Optimization  Algorithm.
Building and Environment, 49, 245-250.
https://doi.org/10.1016/j.buildenv.2011.09.030

Flottau, J. (2023). Wing-spar crack repairs slow down
Airbus A380 return to service. Aviation Week & Space
Technology, 184(25), 19.

Fossi, E., & Esposito, M.A. (2015). “Green” terminals:
The Italian state of the art: Qualitative overview of the
current situation in core network airports. CSE City Safety
Energy, 1, 58-66.

Freyssinier, J.P. (2014). The long-term performance of
LEDs. International. Airport Review, 18, 38-41.

Gao, Y. (2022). Benchmarking the recovery of air travel
demands for US airports during the COVID-19 pandemic.
Transportation Research Interdisciplinary Perspectives,
13, 100570. https://doi.org/10.1016/j.trip.2022.100570
Gatwick Airport Limited. (2014). Annual report and
financial statements for the year ended 31 March 2014.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

[73]

[74]

[78]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

Retrieved from
https://www.gatwickairport.com/globalassets/documents/
business_and_community/investor_relations/year_end_20
14/gatwick_airport_limited_financial_statements_31marc
h2014.pdf.

Gatwick Airport Limited. (2016). Annual report and the
consolidated and parent company financial statements for
the year ended 31 March 2016. Retrieved from
https://www.gatwickairport.com/globalassets/publicationf
iles/business_and_community/all_public_publications/inv
estor_relations/june-2016/ivy-holdco-limited-
consolidated-financial-statements-31-march-2016.pdf.
Gatwick Airport Limited. (2017). Decade of change 2016
performance report. Retrieved
fromhttps://www.gatwickairport.com/globalassets/compa
ny/sustainability/reports/2016/decade-of-change-2016-
report.pdf.

Gatwick Airport Limited. (2018a). Annual report and the
consolidated and parent company financial statements for
the year ended 31 March 2018. Retrieved from
https://www.gatwickairport.com/globalassets/documents/
business_and_community/investor_relations/yearend-
june2018/ivy-holdco-limited-consolidated-financial-
statements-31-march-2018---final-signed.pdf.

Gatwick Airport Limited. (2018b). Decade of change
2017 performance report. Retrieved from
https://www.gatwickairport.com/globalassets/company/su
stainability/reports/2017/decade-of-change-2017-

report.pdf.
Gatwick Airport Limited. (2019). Decade of change 2018
performance report. Retrieved from

https://www.gatwickairport.com/globalassets/company/su
stainability/reports/2019/2019-decade-of-change-
report.pdf.

Gatwick Airport Limited. (2020a). Annual report and the
consolidated and parent company financial statements for
the year ended 31 December 2020. Retrieved from
https://www.gatwickairport.com/globalassets/business--
community/investors/december-2020/ivy-holdco-limited-
consolidated-financial-statements-december-2020.pdf.
Gatwick Airport Limited. (2020b). Decade of change
2019 performance report. Retrieved from
https://www.gatwickairport.com/globalassets/company/su
stainability/reports/2019/2019-decade-of-change-
report.pdf.

Gatwick Airport Limited. (2021a). Decade of change
2020 performance report. Retrieved from
https://www.gatwickairport.com/globalassets/company/su
stainability/reports/2020/decade-of-change-2020-
report.pdf.

Gatwick Airport Limited. (2021b). Second decade of
change to 2030. Sustainability Policy Retrieved from
https://www.gatwickairport.com/globalassets/company/su
stainability/reports/2021/decade-of-change-policy-to-
2030.pdf.

Gatwick Airport Limited. (2022a). Annual report and the
consolidated and parent company financial statements for
the year ended 31 December 2021. Retrieved from

19


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

https://www.gatwickairport.com/globalassets/company/in
vestor/2021/ivy-holdco-limited-consolidated-financial-
statements-31-december-2021.pdf.

Gatwick Airport Limited. (2022b). Decade of change:
2021  performance  summary. Retrieved from
https://www.gatwickairport.com/globalassets/company/su
stainability/reports/2021/decade-of-change-2021-
report.pdf.

Gatwick Airport Limited. (2023a). Gatwick key facts.
Retrieved from https://www.gatwickairport.com/business-
community/about-gatwick/company-information/gatwick-
key-facts/.

Gatwick Airport Limited. (2023b). Health, safety, and
environment. Retrieved from
https://www.gatwickairport.com/business-
community/about-gatwick/company-information/how-we-
operate/health-safety/.

Gatwick Airport Limited. (2023c). Net zero direct
emissions by 2040. Retrieved from
https://www.gatwickairport.com/business-
community/sustainability/topic/emissions/.
Gonzélez-Ruiz, J.D., Duque, E., & Restrepo, J. (2017).
Green airport infrastructure in Colombia: Opportunities
for public-private partnerships schemes. Pertanika
Journal of Science & Technology, 25, 37 — 46.

Graham, A. (2005). Airport benchmarking: A review of
the current situation. Benchmarking: An International
Journal, 12(2), 99-111.
https://doi.org/10.1108/14635770510593059

Graham, A. (2011). The objectives and outcomes of
airport privatisation. Research in Transportation Business
& Management, 1(1), 3-14.
https://doi.org/10.1016/j.rtom.2011.05.004

Graham, A. (2018). Managing airports: An international
perspective (5th ed.). Abingdon, UK: Routledge.

Greer, F., Rakas, J., & Horvath, A. (2020). Airports and
environmental sustainability: A comprehensive review.
Environmental Research Letters, 15, 103007.

Hafez, F.S., Sa'di, B., Safa-Gamal, M., Taufig-Yap, Y.H,
Alrifaey, M., Seyedmahmoudian, M., Stojcevski, A.,
Horan, B., & Mekhilef, S. (2023). Energy efficiency in
sustainable buildings: A systematic review with
taxonomy, challenges, motivations, methodological
aspects, recommendations, and pathways for future
research. Energy Strategy Reviews, 45, 101013.
https://doi.org/10.1016/j.esr.2022.101013

Hassett, M., & Paavilainen-Mantyméki, E. (2013).
Longitudinal research in organizations: An introduction.
In M. Hasset & E. Paavilainen-Mantyméaki (Eds.),
Handbook of longitudinal research methods in
organisation and business studies (pp. 1-12). Cheltenham,
UK: Edward Elgar Publishing.

Hazel, R.A., Blais, J.D., Browne, T.J., & Benzon, D.M.
(2011). Resource guide to airport performance indicators.
Airport Cooperative Research Program Report 19A.
Washington, DC: Transportation Research Board.
Henryson, J., Hékansson, T., & Pyrko, J. (2000). Energy
efficiency in buildings through information — Swedish

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

perspective. Energy  Policy, 28(3), 169-180.
https://doi.org/10.1016/S0301-4215(00)00004-5

Hitt, M.A., Ireland, R.D., & Hoskisson, R.E. (2020).
Strategic  management:  Concepts and  cases:
Competitiveness and globalization (13th ed.). Boston,
MA: Cengage.

Holloway, S. (2016). Straight and level: Practical airline
economics (3rd ed.). Abingdon, UK: Routledge.

Hotle, S., & Mumbower, S. (2021). The impact of
COVID-19 on domestic U.S. air travel operations and
commercial airport service. Transportation Research
Interdisciplinary Perspectives, 9, 100277.
https://doi.org/10.1016/j.trip.2020.100277

lacus, M. S., Natale, F., Santamaria, C., Spyratos, S., &
Vespe, M. (2020). Estimating and projecting air passenger
traffic during the COVID-19 coronavirus outbreak and its
socio-economic impact. Safety Science, 129, 104791.
https://doi.org/10.1016/j.ssci.2020.104791

International Airport Review. (2021a). Gatwick Airport
publishes second Decade of Change sustainability policy.
Retrieved from
https://www.internationalairportreview.com/news/160584
/gatwick-airport-sustainability-policy/.

International  Airport Review. (2021b). Sustainable
aviation fuel introduced for the first time at London
Gatwick. Retrieved from

https://www.internationalairportreview.com/news/165632
/sustainable-aviation-fuel-introduced-at-london-gatwick/.
International Airport Review. (2023). London Gatwick
Airport (LGW). Retrieved from
https://www.internationalairportreview.com/airports/4066
8/london-gatwick-airport-lgw/.

International Civil Aviation Organization. (2015). A focus
on the production of renewable energy at the airport site.
Retrieved  from.  https://www.icao.int/environmental-
protection/Documents/Energy%20at%20Airports.pdf.
Irvine, D., Budd, L.C.S., & Pitfield, D.E. (2015). A
Monte-Carlo approach to estimating the effects of
selected airport capacity options in London. Journal of
Air Transport Management, 42, 1-9.
https://doi.org/10.1016/j.jairtraman.2014.06.005

Jackson, R. (2021). Airbus A380. Barnsley, UK: Pen &
Sword Books.

Jéger-Waldau, A., Szab6, M., Scarlat, N., & Monforti-
Ferrario, F. (2011). Renewable electricity in Europe.
Renewable and Sustainable Energy Reviews, 15(8), 3703-
3716. https://doi.org/10.1016/j.rser.2011.07.015

James, R. (2017). Gatwick Airport: Turning waste into
energy. Retrieved from https://www.airport-
technology.com/features/featuregatwick-turning-waste-to-
energy-5711024/.

Jani¢, M. (2011). Greening airports: Advanced
technology and operations. London, UK: Springer Verlag
London Limited.

Karagkouni, A., & Dimitriou, D. (2022). Sustainability
performance appraisal for airports serving tourist islands.
Sustainability, 14(20), 13363.
https://doi.org/10.3390/su142013363

20


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

Kareem, F. M., Abbas Abd, A.M., & Zehawi, R.N.
(2021). Utilize BIM technology for achieving sustainable
passengers terminal in Baghdad International Airport.
Diyala Journal of Engineering Sciences, 14(4), 62-78.
https://doi.org/10.24237/djes.2021.14406

Katila, P., Pierce Colfer, C.J., de Jong, W., Galloway, G.,
Pacheco, P. & Winkel, G. (2019). Introduction. In P.
Katila., C.J. Pierce Colfer, W. de Jong., P. Pacheco & G.
Winkel (Eds.), Sustainable development goals (pp. 1-16).
Cambridge, UK: Cambridge University Press.

Kazda, T., Caves, B., & Kamenicky, M. (2015).
Environmental control. In A. Kazda & R.E. Caves (Eds.),
Airport design and operation (pp. 457-500) (3rd ed.).
Bingley, UK: Emerald Group Publishing.

Kemp, K. (2007). Fight of the titans. London, UK: Virgin
Books Ltd.

Kim, S.C., Shin, H.., & Ahn, J. (2020). Energy
performance analysis of airport terminal buildings by use
of architectural, operational information and benchmark
metrics. Journal of Air Transport Management, 83,
101762. https://doi.org/10.1016/j.jairtraman.2020.101762
Korba, P., Kos¢akova, M., F6z6, L., & Sekelovd, I.
(2022). Current state and possible challenges in the
development of green airports. In Proceedings of the New
Trends in Civil Aviation (NTCA), Prague, Czech
Republic, 26-27 October (pp. 191-197).
https://doi.org/10.23919/NTCA55899.2022.9934733
Kumar, S., & Padture, N.P. (2018). Materials in the
aircraft industry. In B. Kaufman & C.L. Briant (Eds.),
Metallurgical design and industry: Pre-history to the
space age (pp. 271-346). Cham, Switzerland: Springer
International Publishing.

Lamb, H.H. (2011). Climate: Present, past and future.
Volume 1: Fundamentals and climate now. Abingdon,
UK: Routledge.

Lee, JH., Cheng, I.C., Hua, H. & Wu, S.T. (2020).
Introduction to flat panel displays. Hoboken, NJ: John
Wiley & Sons.

Lenkaitis, C. A. (2022). Integrating the United Nations’
Sustainable Development Goals: Developing content for
virtual exchanges. Language Learning & Technology,
26(1), 1-20.

Leppévuori, J., Liimatainen, H., & Baumeister, S. (2022).
Flying-related concerns among airline customers in
Finland and Sweden during COVID-19. Sustainability,
14(17), 10768. https://doi.org/10.3390/su141710768
Liaghat, D., Abbott, R., & Booth, J. (2011).
Refurbishment of the Inter Terminal Shuttle, Gatwick
Airport, UK. In Proceedings of 13th International
Conference on Automated People Movers and Transit
Systems, May 22-25, 2011, Paris, France. Washington,
DC: American Society of Civil Engineers.

Liang, F. Y., Ryvak, M., Sayeed, S., & Zhao, N. (2012).
The role of natural gas as a primary fuel in the near
future, including comparisons of acquisition, transmission
and waste handling costs of as with competitive
alternatives. Chemistry Central Journal, 6 (Supplement
1), S4. https://doi.org/10.1186/1752-153X-6-S1-S4

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

Liu, X., Zhang, T., Liu, X., Li, L., Lin, L., & Jiang, Y.
(2021). Energy saving potential for space heating in
Chinese airport terminals: The impact of air infiltration.
Energy, 215(Part B), 119175.
https://doi.org/10.1016/j.energy.2020.119175

Lyons Hardcastle, J. (2017). DHL, Gatwick Airport open
first waste-to-energy plant for airline waste. Retrieved
from https://www.environmentalleader.com/2017/03/dhl-
gatwick-airport-open-first-waste-energy-plant-airline-
waste/.

Malik, M. (2022). Why London dominates the world’s
busiest airline markets. Retrieved from
https://www.key.aero/article/why-london-dominates-
worlds-busiest-airline-markets.

Mann, J. (2022). Gatwick intends to boost regional
economy by creating AEZ. Retrieved from
https://www.airport-technology.com/analysis/gatwick-
intends-to-boost-regional-economy-by-creating-aez/.
Manuel, R. (2016). Gatwick building first airport waste
plant of its kind as it leads the way in recycling. Retrieved
from
https://www.internationalairportreview.com/news/24471/
gatwick-airport-waste-recycling/.

Marsch, G. (2016). Composites consolidate in
commercial aviation. Reinforced Plastics, 60(5), 302-305.
https://doi.org/10.1016/j.repl.2016.08.002

Mat Dawi, N., Namazi, H., Hweang, H.J., Ismail, S.,
Maresova, P., & Krejcar, O. (2021). Attitude towards
protective behavior engagement during COVID-19
pandemic in Malaysia: The role of E-Government and
social media. Frontiers in Public Health, 9, 609716.
https://doi.org/10.3389/fpubh.2021.609716

Ministry of Transport. (2017). Beyond the horizon: The
future of UK aviation. Retrieved from
https://assets.publishing.service.gov.uk/government/uploa
ds/system/uploads/attachment_data/file/636625/aviation-
strategy-call-for-evidence.pdf.

Miola, A., & Schiltz, F. (2019). Measuring sustainable
development goals performance: How to monitor policy
action in the 2030 Agenda implementation? Ecological
Economics, 164, 106373.
https://doi.org/10.1016/j.ecolecon.2019.106373
Mumbower, S. (2022). Airline market exit after a shock
event: Insights from the COVID-19 pandemic.
Transportation Research Interdisciplinary Perspectives,
14, 100621. https://doi.org/10.1016/j.trip.2022.100621
Munguia, N., Esquer, J., Guzman, H., Herrera, J.,
Gutierrez-Ruelas, J., & Velazquez, L. (2020). Energy
efficiency in public buildings: A step toward the UN 2030
Agenda for Sustainable Development. Sustainability,
12(3), 1212. https://doi.org/10.3390/su12031212.

Nam, V.H. (2019). Green sustainable airports: The
deployment of renewable energy at Vietnam Airports. Is
that feasible? Journal of Mechanical Engineering
Research and Developments, 42(5), 61-65.

Neale, B. (2018). What is qualitative longitudinal
research? London, UK: Bloomsbury Publishing.

21


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

O’Leary, Z. (2004). The essential guide to doing

research. London, UK: SAGE Publications.

Ortega Alba, S., & Manana, M. (2016). Energy research
in airports: A review. Energies, 9(5), 349.
https://doi.org/10.3390/en9050349

Ortego Alba, S.O., & Manana, M. (2017).
Characterization and analysis of energy demand patterns
in airports. Energies, 10(2), 119.
https://doi.org/10.3390/en10010119

Orukpe, P. E., Onianwa, C.T. Abuh, A., & Aderanti, A.K.
(2020). Reliability assessment of power distribution
system in the Nigerian aviation industry. The Journal of
Engineering, Science and Computing, 11(I1), 37-54.

Otley, T. (2021). London Gatwick introduces first
sustainable aviation fuel (SAF) for flights. Retrieved from
https://www.businesstraveller.com/business-
travel/2021/10/20/london-gatwick-introduces-first-
sustainable-aviation-fuel-saf-for-flights/.

Papagiannakis, R.G., Rakopoulos, C.D.., Hountalas, D.T.,
& Rakopoulos, D.C. (2010). Emission characteristics of
high speed, dual fuel, compression ignition engine
operating in a wide range of natural gas/diesel fuel
proportions. Fuel, 89(7), 1397-1406.
https://doi.org/10.1016/j.fuel.2009.11.001

Pearson, J. (2022). Southend summers: London's 6th
airport welcomes 1st passenger flight since October.
Retrieved from https://simpleflying.com/london-
southend-first-passenger-flight-2022/.

Pels, E., Njegovan, N., & Behrens, C. (2009). Low-cost
airlines and airport competition. Transportation Research
Part E: Logistics and Transportation Review, 45(2), 335-
344. https://doi.org/10.1016/j.tre.2008.09.005

Pilavachi, P. A., Stephanidis, S.D.., Pappas, V.A.., &
Afgan, N.H. (2009). Multi-criteria evaluation of hydrogen
and natural gas fuelled power plant technologies. Applied
Thermal Energy, 29(11-12), 2228-2234.
https://doi.org/10.1016/j.applthermaleng.2008.11.014
Prada, M., Prada, I.F.., Cristea, M., Popescu., Constantin
Bungdu, D.E., Aleya, L.., & Bungau, C.C. (2020). New
solutions to reduce greenhouse gas emissions through
energy efficiency of buildings of special importance —
Hospitals. Science of The Total Environment, 718,
137446. https://doi.org/10.1016/j.scitotenv.2020.137446
Preston, K. (2015). Sustainability initiatives helping
airports address climate change. International Airport
Review, 19(5), 16-19.

Radomska, M., Chernyak, L., & Samsoniuk, O. (2018).
The improvement of energy-saving performance at
Ukrainian airports. In T.H. Karakog, C. Ozgur Colpan &
Y. Sohret (Eds.), Advances in sustainable aviation (pp.
189-203). Cham, Switzerland: Springer International
Publishing.

Remenyi, D, Williams, B, Money, A., & Swartz, E A.
(2010). Doing research in business and management: An
introduction to process and method. London, UK: SAGE
Publications.

Roland, J. (2018). How LEDs work. Minneapolis, MN:
Lerner Publishing Group.

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

[150]

[151]

[152]

[153]

[154]
[155]
[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

Rossi Dal Pozzo, F. (2015). EU legal framework for
safeguarding air passenger rights. Cham, Switzerland:
Springer International Publishing.

Saayman, M. (2012). An introduction to sport tourism
and event management. Bloemfontein, South Africa: Sun
Press.

Sajed Sadati, S.M., Cetin, K., Ceylan. H., Sassani, A., &
Kim, S. (2018). Energy and thermal performance
evaluation of an automated snow and ice removal system
at airports using numerical modeling and field
measurements. Sustainable Cities and Society, 43, 238-
250. https://doi.org/10.1016/j.scs.2018.08.021

Scholz, 1., & Brandi, C. (2017). Implementing the 2030
Agenda for Sustainable Development: Achievements and
limitations of the G20 Presidency in 2017. Global
Summitry, 3(2), 156-175,
https://doi.org/10.1093/global/guy003

Scott, J. (2014). A dictionary of sociology (4th ed.).
Oxford, UK: Oxford University Press.

Scott, J., & Marshall G. (2009). A dictionary of sociology
(3rd ed.). Oxford, UK: Oxford University Press.

Simons, G.M. (2014). Airbus A380: A history. Barnsley,
UK: Pen & Sword Books.

Sovacool, B.K. (2010). A critical evaluation of nuclear
power and renewable electricity in Asia. Journal of
Contemporary Asia, 40(3), 369-400.
https://doi.org/10.1080/00472331003798350

Speight, J. G. (2019). Natural gas: A basic handbook
(2nd ed.). Cambridge, UK: Gulf Professional Publishing.
Sreejaya, K.V., Mubarak, K., & Al-Haddabi, A. (2020).
Feasibility studies of solar energy as an alternative energy
resource for Muscat International Airport. INTI Journal,
51, 1-6.

Staples, M.D., Malina, R., Suresh, P., Hileman, J.I., &

Barrett, S.R.H. (2014). Aviation COz emissions
reductions from the use of alternative jet fuels. Energy
Policy, 114, 342-354.

https://doi.org/10.1016/j.enpol.2017.12.007
Stasinopoulos, P., Smith, M.H., Hargroves, K.C., &
Desha, C. (2009). Whole system design: An integrated
approach to sustainable engineering. London, UK:
Earthscan Publications.

Steele, K.S., Weber, M.J., Boyle, E.A.E., Hunt, M.C.,
Lobaton-Sulabo. A.S., Cundith, C., Hiebert, Y.H,,
Abrolat, K.A., Attey, J.M., Clark, S.D., Johnson, D.E., &
Roenbaugh, T.L. (2016). Shelf life of fresh meat products
under LED or fluorescent lighting. Meat Science, 117, 75-
84. https://doi.org/10.1016/j.meatsci.2016.02.032

Su, Y., Zhang, P., & Su, Y. (2015). An overview of
biofuels policies and industrialization in the major biofuel
producing countries. Renewable and Sustainable Energy
Reviews, 50, 991-1003.
https://doi.org/10.1016/j.rser.2015.04.032

Sumathi, N., Phanendra, M.G.V.S., & Teja, K.G. (2018).
Green airports - Solution to stop pollution! International
Journal of Latest Technology in Engineering,
Management & Applied Science, VII(1V), 78-85.

22


https://dx.doi.org/10.22161/ijeab.82.1

Glenn Baxter

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]
[177]

[178]

[179]

Taber, C., & Steele, B. A. (2020). Impact of HVLS fans
on airplane hangar air destratification. ASHRAE Journal,
62(4), 26-32.

Taber, K.S. (2014). Classroom based research and
evidence-based practice: An introduction. London, UK:
SAGE Publications.

Tang, H., Yu, J., Lin, B., Geng, Y., Wang, Z., Chen, X.,
Yang, L., Lin, T., & Xiao, F. (2023). Airport terminal
passenger forecast under the impact of COVID-19
outbreaks: A case study from China. Journal of Building
Engineering, 65, 105740.
https://doi.org/10.1016/j.jobe.2022.105740

Teodorovi¢, D., & Jani¢, M. (2017). Transportation
engineering: Theory, practice, and modeling. Oxford,
UK: Butterworth-Heinemann.

The Met Office. (2021). 2021: The UK's weather in
review. Retrieved from
https://www.metoffice.gov.uk/about-us/press-
office/news/weather-and-climate/2021/2021-a-year-in-
weather-a-review.

Thomas, C., & Hooper, P. (2013). Sustainable
development and environmental capacity of airports. In
N. J. Ashford., H.P. Martin Stanton., C.A. Moore., P.
Coutu & J.R. Beasley. Airport operations (pp. 553-578)
(3rd ed). New York, NY: McGraw-Hill.

United States Environmental Protection Agency. (2022).
Local renewable energy benefits and resources. Retrieved
from https://www.epa.gov/statelocalenergy/local-
renewable-energy-benefits-and-resources.

Ussinova, A., Laplace, I., & Roucolle, C. (2018). An
analysis of the impact of larger aircraft (A-380) on flight
frequency. Energy  Efficiency, 11:  701-712.
https://doi.org/10.1007/s12053-017-9591-7

Uysal, M. P., & Ziya Sogut, M. (2017). An integrated
research for architecture-based energy management in
sustainable airports. Energy, 140(Part 2), 1387-1397.
https://doi.org/10.1016/j.energy.2017.05.199

Vermeeren, C.A.J.R. (2003). An historic overview of the
development of fibre metal laminates. Applied Composite
Materials, 10, 189-205.
https://doi.org/10.1023/A:1025533701806

Walker, A. (2016). Gatwick hails world-first airport waste
plant to  boost  recycling. Retrieved  from
http://www.infrastructure-intelligence.com/article/sep-
2016/gatwick-hails-world-first-airport-waste-plant-boost-
recycling.

Woodford, G. (2013). In with the asphalt plant new.
World Highways/Routes du Monde, 22(2), 31-35.
Woodley, C. (2014). Gatwick airport: The first fifty years.
Stroud, UK: The History Press.

Yildiz, O. F., Yilmaz, M., & Celik, A. (2021). Energy
analysis of cold climate region airports: A case study for
airport terminal in Erzurum, Turkey. International
Journal of Sustainable Aviation, 7(1), 66-92.
https://doi.org/10.1504/1JSA.2021.115343

Yildiz, O.F., Yilmaz, M. & Celik, A. (2022). Reduction of
energy consumption and CO2 emissions of HVAC system
in airport terminal buildings. Building and Environment,

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.82.1

[180]

[181]

International Journal of Environment, Agriculture and Biotechnology, 8(2)-2023

208, 108632.
https://doi.org/10.1016/j.buildenv.2021.108632

Yin, R.K. (2018). Case study research and applications
(6th ed.). Thousand Oaks, CA: SAGE Publications.

Zhao, X., Doering, O.C., & Tyner, W.C. (2015). The
economic competitiveness and emissions of battery
electric vehicles in China. Applied Energy, 156, 666-675.
https://doi.org/10.1016/j.apenergy.2015.07.063

23


https://dx.doi.org/10.22161/ijeab.82.1

