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a b s t r a c t

Green aviation fleet management is a proactive method used to enhance environmental protection
without exacerbating climate change. The aviation industry needs to improve its aviation fleet man-
agement strategies given corporate social responsibility (CSR) policy and environmental considerations.
Green aviation fleet management development involves complex relationships with technology, oper-
ation, infrastructure and economic performance. Hence, this study proposes a multi-criteria decision
making (MCDM) approach which integrates the decision-making trial and evaluation laboratory
(DEMATEL), analytic network processes (ANP) and zero-one goal programming (ZOGP) to achieve
optimal green aviation fleet management strategy decisions. Our evaluation shows that the proposed
mixed strategy portfolio for green aviation fleet management can be determined using limited resources.
Moreover, the model developed herein could be applied more widely to various green aviation fleet
management situations.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Climate change and its effect on the environment is an issue
currently sparking global concern, particularly in regard to gov-
ernment policy, business strategy and ecological impacts. Advances
in technology and industry have made human life more convenient
in a number of ways; however, these advances have also resulted in
numerous anthropogenic greenhouse gases that contribute to
global warming and ecological and environmental degradation.
Global warming causes sea levels to rise, and threatens the envi-
ronment with climate change; as a result, a large number of crea-
tures face becoming endangered species or even extinction.
Furthermore, long-term droughts, disastrous floods, blizzards and
other extreme weather have occurred throughout the world in
recent years. In 2014, World Meteorological Organization (WMO)
published the IPCC 5th Assessment Report issued by the Inter-
governmental Panel on Climate Change (IPCC). It stated that, from
1951 to 2010 more than half of the factors causing the global

average surface temperature to rise are most likely due to the in-
crease in anthropogenic greenhouse gas concentrations and other
anthropogenic factors. (Pachauri et al., 2014) If global warming
continues to degrade the environment, human lifewill be subject to
a severe threat. Global efforts are being devoted to discovering how
to slow down global warming and achieve relevant international
environmental agreements.

Due to the impact of globalization, intercontinental transport
and subsequent hemispheric air pollution in the ozone layer
jeopardize both agricultural and natural ecosystems worldwide
and also have a strong effect on the climate (Akimoto, 2003). The
aviation industry expends a large amount of fuel in the air, which is
why aviation greenhouse gas emissions are considered one of main
causes of climate change. Data issued by the IPCC point out that
approximately one-fourth of global greenhouse gas results from the
transport industries; the aviation industry accounts for 13% of the
total transport industry's emissions. For this reason, the Interna-
tional Air Transport Association (IATA) passed a landmark decision
in 2008 to adopt a set of ambitious targets: (1) A cap on aviation
CO2 emissions starting from 2020 (carbon-neutral growth), (2) an
average improvement in fuel efficiency of 1.5% per year from 2009
to 2020, and (3) a reduction in CO2 emissions by 50% by 2050,
relative to 2005 levels. At a Copenhagen conference in 2009 that
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represented airlines, airports, suppliers, manufactures, etc, the IATA
proposed that these collective goals become the future environ-
mental goals for the aviation industry. Since 2012, the Aviation
industry has been included in the regulation of European Emissions
Trading Scheme (EU ETS), and airline routes have had to comply
with limited carbon emission requirements.

At the 39th congress in 2016, the International Civil Aviation
Organization (ICAO), which has 191 contracting states, achieved an
historic agreement to implement a market-based measure that will
support airlines' efforts to stabilize emissions with carbon neutral
growth. The ICAO's 191 member states agreed to implement a
Carbon Offset and Reduction Scheme for International Aviation
(CORSIA) and adopted a resolution: Consolidate ICAO environ-
mental policies and practices in response to climate change. CORSIA
is the first global scheme covering an entire industrial sector to
encourage contracting states to report on their plans of action; it
outlined the policy actions to reduce carbon emissions and to
report their international aviation carbon emissions to ICAO
annually. To address aviation emissions, the congress also adopted
a basic blueprint for developing a market-based mechanism
(MBM). The global MBM will be fully finalized in 2016, and will be
fully put into practice in 2020. In order to implement and improve
the global MBM, the EU has also amended the EU ETS policy on the
aviation industry and directed the improvements on EU ETS from
2013 to 2016. In April 2014, the related regulations were put into
effect. CORSIA is set to commence with a voluntary period
(2021e2026) after which it will become mandatory. For the first
voluntary phase now numbers 65, giving CORSIA which estimate
will cover more than 80% of growth post 2020.1

Green airline fleet planning is considered to be a critical hybrid
concept. In order to achieve a set of ambitious targets to mitigate
CO2 emissions from air transport, IATA is determined to be part of
the solution, but insists that a strong commitment is required from
all stakeholders working together through the four pillars of the
aviation industry strategy. The four pillars integrate environmental
factors into aviation fleet management through technology, oper-
ation, infrastructure and economic performance. Previous research
has investigated green airline fleet planning based on an activity-
based costing (ABC) decision model under the constraints of the
EU ETS (Tsai et al., 2012). Derigs and Illing (2013) presented a
model-based evaluation of network optimization for cargo airlines
under different EU ETS scenarios. In 2014, the EU summit adopted a
2030 framework for climate and energy; one of its goals is to reduce
greenhouse gas emissions by at least 40 percent in 2030 compared
to 1990. To achieve this goal, the summit agreed that EU ETS
emissions should be reduced by 43% in 2030 compared to 2005. In
addition, green fleet management practices have been investigated
using case studies to combine vehicle purchases, retrofitting
aggregated task assignment decisions (Stasko and Gao, 2010)
resale, and retrofit decisions in a fleet setting with stochastic
vehicle breakdowns (Stasko and Gao, 2012). The aviation industry
is facing significant economic impacts and demands for corporate
social responsibility (CSR); these require an evaluation of strategic
fleet management. From the above, most of the previous research
only focused on the impact of EU ETS on the aviation industry, and
on a single effect. Significantly fewer were integrated studies
focusing on the four pillars recommended by IATA.

Operations Research (OR) is most often associated with cost
minimization and environmental constraints, especially in regard
to carbon emission issues (Dekker et al., 2012; Absi et al., 2013). The
purpose of this study is to investigate aspects of green aviation fleet
management strategy planning. In order to achieve green aviation

fleet management efficiency, it is necessary to analyze the inter-
relationship among various criteria. A combination of rising con-
cerns about the environmental impact of the airline industry has
meant that green aviation fleet management programs are
becoming focal points of airline business strategies. Airlines have
begun to develop thorough methodologies to meet the goal of
setting up a green fleet. The MCDM (multi-criteria decision-
making) approach is a useful technique widely used in dealing
with multi-criteria problems, such as comparative analyses of
VIKOR and TOPSIS (Technique for Ordering Preference by Similarity
to Ideal Solution) (Oppicovic and Tzeng, 2004, 2007), agricultural
information using AHP (Analytic Hierarchy Process) (Kim, 2006),
knowledge management strategies combining ANP (analytic
network process) and DEMATEL (decision-making trial and evalu-
ation laboratory) (Wu, 2008). In order to determine the requisite
decisions and solve the resources-related problems, the major
contribution of this paper is to integrate the DEMATEL, ANP and
ZOGP (zero-one goal programming) methods to define the best
choice of green aviation fleet programs in order to achieve a set of
ambitious targets to mitigate CO2 emissions.

2. Management strategies for green aviation fleet programs

IATA is determined to be part of the solution to achieve targets
of reducing CO2 emissions through the four pillars of the aviation
industry strategy. In this study we refer to the IATA four-pillar
strategy as the basis for aviation energy conservation's four stra-
tegies, and determine factors that impact each strategy, depending
on conservation measures in the corporate social responsibility
report (CSR) of global large-size airlines. The CSR chosen by the
research includes the following airlines: Delta Airlines, the biggest
airline in the US; Air France KLM Corporate and British Airways the
largest airlines in the two areas China Southern, the biggest airline
in China; Cathay Pacific Airways to represent Hong Kong; All Nip-
pon Airways Corporate for Japan; and China Airlines and EVA Air-
ways to represent Taiwan. In addition, we also collected various
theses, journals, working papers and other related information, and
examined the literature comprehensively to determine the factors
of the four criteria and eleven alternatives. A review of the litera-
ture is presented in the next section.

2.1. Technology

IATA (2009) proposed a global approach to reducing aviation
emissions. According to the approach, technology has the best
prospects for reducing aviation emissions of the four pillars. The
aviation industry is making great advances in technology such as:
revolutionary new plane designs; new composite lightweight ma-
terials; radical new engine advances; and the development of
biofuels. Airlines will spend $1.5 trillion on new aircraft by 2020.
Some 5500 aircraft will be replaced by 2020, or 27% of the total
fleet, resulting in a 21% reduction in CO2 emissions compared to
business as usual. Szodruch et al. (2011) indicate that environ-
mental impacts can be substantially reduced by new technology.
Developing new technology can improve fuel efficiency and reduce
CO2 emissions. The growth of world air traffic has been accompa-
nied by a significant increase in its environmental impact, including
CO2 emissions, which has forced the European Union to include
aviation in its EU ETS (Zanin et al., 2016). The aviation field has done
lots of work to improve fuel efficiency through more advanced jet
engines, high-lift wing designs and lighter airframe materials (Lee
et al., 2001). An aircraft is composed of systems that convert fuel
energy into mechanical energy in order to perform work, the
movement of people and cargo. An aircraft engine converts a flow
of chemical energy contained in aviation fuel and the air drawn into1 Data from http://www.iata.org/pressroom/pr/Pages/2016-10-06-02.aspx.
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