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Abstract: Airports are an essential infrastructure to facilitate aviation. The substantial growth of
aviation has led to a significant increase in water usage by airports. Airports also generate large
volumes of wastewater that may include contaminants. Hence, understanding sustainable water
management practices is essential in the aviation industry. In this study, an exploratory research
design was utilized in the examination of the sustainable water management strategies and systems at
Kansai International Airport from 2002 to 2016. The qualitative data were examined using document
analysis as part of a case study. The quantitative data were analyzed using regression analysis as
part of a longitudinal study. The airport has been able to reduce the total water consumption, water
consumption per passenger, and water consumption per aircraft movement, even with increased
traffic in recent years. The airport sources water from the municipal authorities and reclaims water for
non-potable water uses. The airport conducts regular water quality tests which measure the Chemical
oxygen demand, total nitrogen, and total phosphates. The airport’s onsite wastewater processing
centre processes all wastewaters, which discharges non-reclaimed water into Osaka Bay. With a
decrease in water consumption, there has similarly been a decrease in the need to treat wastewater,
while the reclaimed water ratio has increased over the period of the study.

Keywords: airport; case study; Kansai International Airport; recycled water; wastewater; water
management; water pollution

1. Introduction

Airports are critical pieces of infrastructure of the complex global aviation system that supports
the movement of passengers and air cargo. However, in providing these essential services, airport
operations have the potential to adversely affect the environment [1]. Consequently, airport
environmental management has become a critical element in the global air transport industry
development [2]. Airports all around the world are now increasingly focusing on sustainable water
management as a key element of their environmental plans and strategies. This is because airports
consume substantial amounts of water to maintain both their infrastructure and operations [3–8]. Large
volumes of wastewater are also generated at airports. These wastewaters could have a negative impact
on both soil and groundwater since they contain a relatively high concentration of contaminants [9].

Osaka’s Kansai International Airport (IATA Airport code: KIX) is Japan’s third busiest airport.
KIX has historically placed a very high focus on sustainable environmental management and places
a very high emphasis on sustainable water management. A key objective of KIX is for the airport
to be smart, that is, to be both people and earth-friendly. Importantly, the airport is driven by
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its objective of becoming a pollution-free airport that also co-exists and prospers with the local
Kansai region [10]. Consequently, environmental management forms an integral part of KIX’s
governance, strategy, and management system. Most importantly, the airport has implemented
and adopted a wide-ranging sustainable environment policy that is underpinned by three fundamental
principles—Green Innovation, Eco Operations and Eco Relations—as well as five basic sustainable
environmental principles—an airport that co-exists with the local region, airports that protect a sound
local environment, airports with a minimal impact on the global environment, airports that recycle
resources, and, finally, airports that keep biodiversity in mind [11].

The objective of this paper is to analyze the sustainable water management systems at Kansai
International Airport (hereafter KIX), as well as the sources and volumes of water consumed at the
airport, the annual recycled water rates, and the methods used to mitigate the environmental impact of
the wastewater produced from the operations undertaken at the airport. KIX was selected as the case
airport due to its long-standing commitment to sustainable water management, its water management
systems, and due to the availability of a data set covering the period 2002 to 2015.

To address the study objectives, the following research questions were empirically examined:

1. What is the annual consumption of water at KIX and how have these consumption patterns
changed considering the increased passenger traffic and aircraft movements recorded at the
airport over the period 2002 to 2016?

2. What are the principal sources of water used at KIX?
3. What are the annual volumes of recycled water and the recycled water ratios at KIX and how

have these changed over the period 2002 to 2016?
4. What measures are used to monitor water pollution at KIX?
5. How does KIX process wastewater to minimize and mitigate its environmental impact?

The remainder of the paper is structured as follows. Section 2 reviews the literature on sustainable
water management at airports. The research methodology used to underpin the case study is presented
in Section 3. The case study of KIX’s sustainable water management follows in Section 4. Section 5
presents the findings of the study.

2. Background

2.1. Airport Stakeholders Water Usage

Water consumed by airports can be broadly divided into the water consumed by the landside
activities undertaken at the airport as well as the water consumed by the key stakeholders involved
in the provision of the airport’s airside area activities (operations). 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. The airside means the movement area at an airport, adjacent terrain and
buildings/infrastructure, or portions, the access to which is restricted [12].

There are a number of key stakeholders, for example, airlines, ground handling agents and the
airport authorities themselves that are involved in the facilitation and handling of passengers within
an airport’s landside precinct. Additionally, at some airports, air cargo is handled in cargo terminals
that are located on the airport’s landside. Many airports around the world also have hotels located in
the landside precinct. These actors require and consume water for a variety of purposes. These include
drinking water for passengers, meeters and greeters, airport staff, washing of vehicles, the flushing of
toilets, personal hygiene (for example, washing of hands and in showers provided for passengers and
airport-related staff), cooking and beverages provided by concessionaires operating at the airport and
by flight catering firms. Water is also used for landscaping and lawn and plant watering.

The various key stakeholders that are typically involved in the facilitation and handling of aircraft
(passenger and freighter aircraft), passenger and air cargo movements, aircraft maintenance and air
traffic control (ATC) on the air side of an airport also require and consume water for a variety of
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purposes. In addition to the actors involved with servicing and maintaining aircraft (and ground
service equipment), many airports also often have concessionaires located in the airside section of the
terminal, for example, duty-free shops and restaurants [13,14]. These actors require drinking water for
staff working on the airside, water is required for the washing of aircraft and ground service vehicles,
the flushing of toilets, personal hygiene (for example, the washing of hands and in showers provided
for airport-related staff), cooking and beverages provided by concessionaires operating restaurants
and coffee shops in the airside terminal precinct and by flight catering firms operating on the airside at
the airport.

2.2. Sustainable Water Usage Management at Airports

The volume of water used by airports has been estimated to be equivalent to the volume of water
that is consumed by mid-size cities, thus practices aimed at reducing water consumption are both
important and necessary [6]. Thus, it is important to note that considering the increasing pressure
to reduce water consumption and conserve available water resources, airports must manage their
activities and operations to reduce water consumption. Airports also need to protect both the surface
and groundwater resources as well. To achieve these objectives, airports have implemented a range of
methods including the following:

• Reduction in water consumption at the airport site;
• Re-using water, following treatment (wastewater and sewage treatment plants) in toilet facilities

or for irrigation purposes;
• The use of rainwater for the flushing of toilets;
• Protecting groundwater from pollution;
• Monitoring of water consumption at the airport; and
• Monitoring the quality of the surface and groundwater [2].

Historically, airports have been designed to make use of groundwater or water supplied from
municipal authorities, which satisfies the appropriate quality standards. Where this water has only
been used for non-industrial purposes (for example, washing, cleaning, and laundry), wastewater can
be collected by the airport, treated, and subsequently reused for activities including toilet flushing,
washing, and in some cases irrigation of plants. Such practices may require the airport to introduce a
dual drainage system as well as water-purification facilities. The most sustainable approach to water
management is for airports to become self-sufficient in their water supply. This can be achieved by
optimizing opportunities for recycling and minimizing consumption [15] and water harvesting [16–18].

2.3. Airport Water Quality

The water pollution from an airport shares some of the impacts associated with water pollution
from industrial sites:

• the potential contamination of drinking water supplies of aquatic life in the waters receiving the
potentially toxic compounds;

• the potential for depleting dissolved oxygen levels in the receiving waters to the point where
there is fish mortality (or where fish die); and

• the potential siltification of adjacent streams from airport construction run-off waters as well as
the potential for acute exposure to irritants by persons who are exposed to the contaminated
water [19].

The principal water pollutants and their sources at airports are the residual contaminants from
the military or industrial manufacturing of munitions (in the case where the airport site was previously
used for military purposes), contaminants from aircraft maintenance activities, run-off of silt from
airport-related construction sites, chronic leakage or spills of aviation fuel and aircraft and runway
de-icing agents that are used during winter periods to ensure safe aircraft and airport operations [19].
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Other contaminants include detergent formulations, solids, oils, greases, residues, solvent residues,
as well as heavy metals [20]. In addition, the discharge of fire-fighting foam in the event of aircraft
emergencies [21], as well as the production of in-flight meals, restaurants, and staff, also contribute
grease and detergents to the wastewater generated at an airport [22].

The treatment of such wastes must satisfy health and safety requirements regarding the contents
of heavy metals, chlorinated hydrocarbons, and sedimentation substances. Consequently, these
wastewaters must be properly treated prior to being discharged by the airport into the sewerage
system [23]. Construction of an airport and, particularly, the construction of the runway(s) can
disturb the groundwater system not only in the airport precinct but also in the broader airport
surroundings [24]. Pollutants that could affect stormwater quality at airport construction sites include
sediment, oil, grease, and chemicals [25].

Most countries have set water quality standards. However, the water quality standards set by
airports are normally much more stringent [23]. Around the world, the organic water pollution
indicators that are commonly used to measure water pollution are chemical oxygen demand (COD),
total nitrogen (T-N), and total phosphorus (T-P) [26]. The chemical oxygen demand (COD) test
measures the total amount of oxygen that is required to completely oxidize organic matter to carbon
dioxide (CO2) and water. Hence, the COD test provides an indication of its potential maximum oxygen
demand [20,27].

Because water sources are often connected to each other, any adverse impacts on the local
deterioration of water quality arising from airport operations can have an impact in regions that are
located quite a distance from the airport itself [28].

2.4. Stormwater Management at Airports

Stormwater (also called surface or rainwater runoff) is the precipitation (for example, rain or
snow) discharged from a catchment area, such as an airport’s apron area, into a stream, drain or sewer.
The quality of the stormwater runoff is influenced by the activities that are undertaken in the catchment
area [20]. There are three principal forms of water contamination at airports: (1) chronic contamination,
(2) seasonal contamination associated with de-icing procedures during winter operations, and (3)
accidental pollution [29].

As noted earlier, an airport can be a significant contributor to water pollution if suitable facilities
to treat airport wastes are not provided [24,30,31]. Drainage from an airport’s movement areas requires
special treatment due to the oil-products or de-icing chemicals used in the winter. Sewage water from
an airport is cleansed in normal water treatment plants. In addition, rain water from the paved areas,
especially from the apron areas, can be cleaned in a special treatment plant located at the airport, with
the separation of oil products, or alternatively, the collector can be connected to the local municipal
treatment plant [23].

Furthermore, especially dangerous areas of the airport, for instance, fuel storage, and aircraft
hangars, and aircraft and ground service equipment (GSE) maintenance facilities need to be equipped
with traps for oil products and be inspected regularly. Additionally, it is important for airports to pay
attention to possible water or soil contamination arising from fire-fighting training. Such training
activities should only be undertaken within a specially designated area [23].

3. Research Method

The research undertaken in this study used a mixed methods research design [32,33] that was
broadly exploratory in nature [34,35] and followed an inductive approach using both qualitative
and quantitative methods [36,37]. The goal of such an approach is to expand and build theories
rather than perform a statistical analysis to test a certain hypothesis [38]. The exploratory design
began with a qualitative case study and was followed by a quantitative longitudinal study, utilizing
regression analysis.
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A case study, whilst like an experiment, does not represent a sample, and the researcher’s role
is to expand and generalize theories (analytical generalization) and not to enumerate frequencies
(statistical generalization) [39]. To alleviate potential biases and to support measurement validity,
careful attention has been paid to the selection of sources used in the study [40]. The qualitative
and quantitative data for this study were obtained from a range of documents, including the KIX
sustainability reports (2007 Eco-Island Report, 2013 Eco-Island Report, 2014 Smart Island Report, 2015
Smart Island Report, 2016 Smart Island Report, and the 2017 Environmental Report). Qualitative
data was also gathered from websites, air transport and airport industry-related magazines and trade
publication, and press articles. The three principles of data collection suggested by Yin [41] were
followed in this study: the use of multiple sources of case evidence, the creation of a database on the
subject, and the establishment of a chain of evidence. A complete case study analysis includes the data
collection for the study, coding, and the script [42]. A common approach when undertaking case study
research is to gather comprehensive information on the case by using and triangulating across different
data collection techniques, for example, document review, and examining archival records [41,43]. All
relevant documents were downloaded into a case study database [41]. The documents collected for
the study were all in English. Each document was carefully read and key themes such as water usage,
water pollution, water reclaiming, and recycling, were coded and recorded [44].

The second phase of the study used a longitudinal case study approach [45,46]. According
to Rainer [47], there are four principal types of longitudinal study: (1) describing a phenomenon;
(2) exploring a phenomenon to determine what is happening, that is, seeking to identify connections
between events and processes over time; (3) explaining a phenomenon, to seek causal explanations of
events and processes as they change over time; and (4) improving the phenomenon, that is, looking
for ways to improve some aspect of the phenomenon under study. As the present study aims to
explore KIX’s sustainable water management over the period 2002–2016, it utilized the second type
of longitudinal study approach as it sought to determine what was happening with the airport’s
sustainable water usage and systems [48].

Regression analysis was the key tool utilized as part of the longitudinal study to assess the
statistical significance of the observed trends. Specifically, the various water measures were regressed
as a function of time. This included the water sources used at KIX as well as the annual trends in water
consumption per passenger and water consumption per aircraft movement at the airport. To assess the
significance of any trends, a Student t-test was utilized. The statistics tested the following hypotheses:

Null hypothesis (H0): r = 0
Alternative hypothesis (HA1): r > 0, or
Alternative hypothesis (HA2): r < 0

That is, the objective of the statistical test was to determine if the correlation coefficient, r, was
essentially 0, and hence, there was no trend over time, or alternatively (1) there was an observed
positive trend over time for a parameter that was expected to increase, given by a positive correlation
coefficient, or (2) there was a negative trend over time for the parameter that was expect to decrease,
given by a negative correlation coefficient. As such, only one-sided tests were utilized. The t-test
followed the standard as outlined by Andrews et al. [49], Heavey [50], and Heiman [51], which requires
the calculation of the correlation coefficient and knowing the number of data points, n (fifteen in the
review period). Specifically,

t =
r
√

n− 2√
1− r2

, (1)

where the value n − 2 is referred to as the number of degrees of freedom, α. This is then used to
calculate a probability or a p-value. The p-value is then assessed relative to the level of statistical
significance utilised. In this study, a statistical significance of 95% was utilised. This gives an alpha (α)
of 0.05. If the p-value, which corresponds to the one-sided t-statistic and is greater than α, we accept
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the null hypothesis. That is, there is no trend over time. If, however, the p-value is less than α, then we
reject the null hypothesis as there is a statistically significant trend, over time.

4. Results

4.1. Kansai International Airport: A Brief Overview

KIX was constructed as a man-made island 5 km off-shore in Osaka Bay. The airport commenced
operations in 1994 as Japan’s first 24-h airport and now plays a key role as an important international
hub in the world air transport network [52]. The concept for KIX appeared in 1968, following a survey
of potential airport sites in the Osaka area. Due to the high population density in the Osaka region and
the scarcity of available land, a man-made island was determined to be the only feasible option for the
new airport. Noise pollution and other environmental concerns assisted the Ministry of Transport in
granting approval to construct the airport in 1986 [53].

KIX has had two key development phases. In the KIX first phase project, an airport island with
a land area of around 510 hectares was reclaimed in Osaka Bay on which a 3500 metre long runway
and the related infrastructure were constructed [52]. However, during the early 1990s, the number
of aircraft departures and arrivals during the airport’s morning and early evening peak periods
exceeded the airport’s handling capacity of 30 aircraft movements per hour. Consequently, in order to
accommodate demand and to also be able to operate as an international hub airport, the second phase
of the airport development commenced in 1999 [54].

The second phase KIX project involved the development of a further man-made island 545
hectares in size. The airport’s second runway, which is 4000 metres in length, was also built on the
second airport island [55]. The second island is located 200 metres off-shore from the initial Phase 1
Island [52]. The official opening of the airport’s second runway occurred in 2007. The opening of the
second runway provided the airport with the ability to become an international hub [56].

On 1 April 2012, the New Kansai International Airport Company (NKIAC) was established.
The management of Kansai International Airport (IATA Airport Code: KIX) and Osaka International
Airport (IATA Airport Code: ITM) was integrated into a single company on 1 July 2012.
The establishment of NKIAC was a new business model for Japan as this was the first time that
the management of multiple airports was managed and operated by a single company [57].

In June 2014, the Japanese government announced that it intended to sell the rights to operate
the facilities at KIX as part of the government’s debt reduction programme [58]. In December 2016,
a consortium that was led by the very large Japanese leasing firm Orix and Vinci Airports of France
acquired the rights to operate the two Osaka-area airports (ITM and KIX), commencing in April 2016.
The contract, valued at around ¥2.2 trillion yen ($USD 18 billion), to operate the two airports was for
a period of 44 years. Thirty other firms have also invested in the venture, including Kansai Electric
Power, Hanshin Hankyu Holdings, and Panasonic [59].

Figure 1 shows the total annual domestic and international passengers at KIX since its inception
of operations from 2002 to 2015. The aftermath of the impact of 9/11 and the 2008 global financial
crisis (GFC) can clearly be observed in the annual domestic and international enplaned passengers.
Figure 1 also shows that the international passenger numbers are more significant relative to the
domestic passenger numbers. This is due to Osaka International Airport primarily acting as the major
local domestic terminal for the city of Osaka. In addition, since 2012, the low-cost carriers (LCCs)
have emerged in the Japanese market and these carriers appear to be particularly important for KIX.
Peach Aviation (a joint venture including ANA) is now one the airport’s leading airlines in terms of
weekly departures. In the July 2012, Jetstar Japan, also an LCC, commenced business at KIX and has
subsequently grown their operations at the airport. The LCCs have helped to drive traffic growth at
the airport [60].

Figure 2 shows the total annual domestic and international aircraft movements at KIX from 2002
to 2015. As can be observed in Figure 2, since 1997, international flights have accounted for the largest
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number of flights at the airport—this reflects the airport’s role as the international hub for Osaka and
the Kansai Region. As previously noted, the advent of LCC domestic operations at the airport in 2012,
has resulted in the growth in domestic aircraft movements. Figure 2 also shows during the downturn
in demand following the tragic events of 9/11 and the 2008 global financial crisis (GFC), that there was
a decline in the annual aircraft movements at the airport—this could be due to airlines adjusting their
schedules to accommodate the lower levels of passenger demand.Infrastructures 2018, 3, x FOR PEER REVIEW  7 of 18 
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Eight airlines provide domestic services from KIX. Around 71 airlines operate international
services to and from KIX (these include code-sharing arrangements). The two largest airlines serving
the airport are All Nippon Airways (ANA) and Japan Airlines (JAL) [62]. It has been estimated that
there are around 15,000 people working at the airport.

4.2. Principal Sources of Water at Kansai International Airport

In addition to the water purchased from the municipal authorities, KIX also processes its
wastewater for subsequent reuse. These are the two principal sources of water for the airport.

4.3. Wastewater Pollution at Kansai International Airport

Around the world, the organic water pollution indicators that are commonly used to measure
water pollution are chemical oxygen demand (COD), total nitrogen (T-N), and total phosphorus
(T-P) [26]. The COD test measures the total amount of oxygen that is required to completely oxidize
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organic matter to carbon dioxide (CO2) and water. Hence, the COD test provides an indication of its
potential maximum oxygen demand. According to Grantham [20] (p. 118), “the nutrients nitrogen and
phosphorus occur naturally in the aquatic environment”. The discharge of nutrients into the receiving
waters can adversely impact the delicate balance of aquatic eco-systems whilst also causing secondary
pollution effects [20] (p. 118).

Prior to examining KIX’s water pollution, it is important to note Japan’s National Effluent
Standards. The government’s national effluent standards are uniformly applied across the country
and are comprised of two categories: the standards for protecting human health and the standards
for protecting the living environment. Table 1 presents Japan’s current Uniform National Effluent
Standards. These standards are relevant to effluent, requiring discharged water to be monitored. There
is no requirement for monitoring of raw wastewater prior to treatment.

Table 1. Japan’s national effluent standards: items related to the protection of the living environment.

Chemical Permissible Limit

Potential Hydrogen (pH) (coastal areas) 5.0–9.0
Potential Hydrogen (pH) (non-coastal areas) 5.8–8.6

Biochemical Oxygen Demand (BOD) 160 mg/L (Daily Average 120 mg/L)
Chemical Oxygen Demand (COD) 160 mg/L (Daily Average 120 mg/L)

Suspended solids (SS) 200 mg/L (Daily Average 150 mg/L)
N-hexane Extracts (mineral oil) 5 mg/L

N-hexane Extracts (animal and vegetable fats) 30 mg/L
Phenols 5 mg/L
Copper 3 mg/L

Zinc 2 mg/L
Dissolved iron 10 mg/L

Dissolved manganese 10 mg/L
Chromium 2 mg/L

Coliform groups Daily Average 3000/cm3

Nitrogen 120 mg/L (Daily Average 60 mg/L)
Phosphorus 16 mg/L (Daily Average 8 mg/L)

Notes: 1. The permissible limit by ‘daily average’ is provided for the average contaminated status of effluent per
day. 2. The effluent standards listed in this table apply to the effluents of factories or commercial facilities which
discharge 50 m3 or more of effluent per day on average. 3. The effluent standards for biochemical oxygen demand
(BOD) exclusively apply to the effluents discharged into public waters other than seas and lakes, the effluent
standards for chemical oxygen demand (COD) exclusively apply to the effluents discharged into seas and lakes.
4. The effluent standards for suspended solids (SS) does not apply to the effluents discharged into seas. Source:
adapted from Reference [63].

KIX carefully monitors water pollution measures on a regular basis. Importantly, the airport
has voluntarily set water quality standards that are more stringent than the regulated standards.
For example, the maximum regulated chemical oxygen demand (COD) discharge is 20 mg/L, yet the
KIX standard is 12 mg/L [11].

4.4. Wastewater Treatment at Kansai International Airport

General wastewater that is produced from airport-related facilities at KIX is directed to a
wastewater treatment plant for advanced treatment prior to it being discharged. The treated water that
is discharged from the airport is significantly cleaner than legally-required standards. This is because
the airport uses its own more stringent voluntary standards (for example, a chemical oxygen demand
[COD] daily average 12 mg/L) [11]. Chemical oxygen demand (COD) is defined “as the amount of
(dissolved) oxygen required to oxidise and stabilize (organic and inorganic content of) the sample
solution”. According to Srinivas [64] (p. 10), “COD is used to measure the content of the oxidisable
organic—as well as inorganic—matter of the given sample of waters” [64]. KIX has a laboratory which
is equipped with a variety of testing equipment to measure and monitor water quality. This practice,
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therefore, ensures the rigorous control of water quality prior to the point when the treated water is
discharged into Osaka Bay [11].

Wastewater that is generated from the airport’s passenger terminal buildings and other
airport facilities is considered to be general wastewater, and hence, undergoes advanced
treatment such as activated-sludge circulation nitrification/denitrification, and chemical clarification
(coagulation/sedimentation). The advanced wastewater treatment also includes rapid sand filtration.
Special wastewater generated from industrial sources initially undergoes onsite pre-processing to
remove hazardous substances. This special wastewater subsequently undergoes advanced treatment
at KIX’s wastewater treatment plant through chemical coagulation/sedimentation and rapid sand
filtration processes, and so forth. As previously noted, following the advanced treatment, the treated
water is reused as reclaimed water for various purposes, such as the flushing of toilets, watering
plants, and so forth, and any surplus amount is then discharged into the sea. The airport’s wastewater
treatment plant has the capacity to process 10,050 m3/day of general wastewater and 3300 m3/day
of special wastewater. In the 2015 fiscal year, the average processed volumes were 2151 m3/day of
general wastewater and 225 m3/day of special wastewater [11].

Figure 3 shows the circulation of water resources at KIX. As noted earlier, clean water is sourced
from the municipal authorities. Wastewater is processed at the airport’s wastewater treatment centre
and reclaimed water is supplied back into the airport where it is used for toilet flushing, water plants,
and road and tarmac cleaning (Figure 3). Figure 3 also shows that treated wastewater that is not
suitable for re-use is discharged into Osaka Bay [11].
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4.5. Qualitative Analysis

KIX, like other major hub airports, requires substantial volumes of municipally supplied water to
maintain and service its infrastructure and to accommodate its key stakeholder requirements. As can be
seen in Figure 4a, which shows the annual water supplied to KIX by the municipal authorities and the
year-on-year change (%) from 2002 to 2016, the airport has been able to reduce the overall consumption
of water supplied from municipal sources from 2008 to 2014. This is despite the increased passenger
traffic and aircraft movements recorded over the same period (Figures 1 and 2). An important aspect
of KIX’s environmental policy is to ensure that the airport’s water recycling systems ensure the most
efficient use of water resources. This is achieved through the airport’s efforts to promote the use
of reclaimed water [11]. Kansai Airport also encourages key stakeholders to save water wherever
possible, with the use of automatic taps and other water conservation devices [11]. The airport also
promotes and encourages the use of reclaimed/recycled water [57].
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Figure 4. The total annual water quantities at KIX during 2002–2016 and the year-on-year change (%):
(a) municipally supplied, (b) treated, (c) reclaimed, and (d) discharged. Source: data derived from
References [10–13]. Note: Year-on-year change axis varies in span, and a reference “0” line is included
to facilitate comparison.

The year-on-year changes (%) in the annual wastewater treated by KIX from 2002 to 2016 are
presented in Figure 4b. The annual volumes of wastewater treated at the airport during this period
peaked in 2004 and then subsequently declined from 2005 to 2008, and then largely stabilized at around
760,000 m3 from 2010 to 2013. From 2014 to 2015, the treated wastewaters averaged around 853,000 m3.

KIX focuses on the recycling of resources as part of its environmental plan and aims to recycle
(reclaim) water wherever possible. As such, KIX reuses a proportion of the treated wastewater.
Figure 4c shows the annual reclaimed water volumes at KIX from 2002 to 2016. As can be seen
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in Figure 4c, the annual volumes of reclaimed water have oscillated quite clearly with the airport
achieving the highest level of reclaimed water in 2006. In 2007 and 2008, the volumes of reclaimed
water fell but have steadily increased from 2010 to 2015, particularly from 2013 to 2015. Overall, based
on the year of year change, the reclaimed water volume has remained fairly consistent.

Other than reclaiming, a significant proportion of treated wastewater is discharged into Osaka
Bay, where the airport is located. The year-on-year changes (%) in the annual wastewater discharged
by KIX from 2002 to 2016 are presented in Figure 4d. The trend, based on the year of year change,
is that the total annual volume of wastewater discharged by the airport is decreasing (only 4 of the
15 years saw an increase in the volume of wastewater discharged).

Figure 5a shows the annual trends in the amount of COD at KIX from 2002 to 2016. As can be
observed, there was an upward trend in the COD from 2002 to 2007, where it stabilized in 2008, and
subsequently, declined in 2009. The COD levels rose again in 2010 before declining in 2011 and then
increased again in 2012 and 2013 before declining again in 2014 and 2015. However, other than the
relatively large spike in 2004 in the year-on-year change, the 2004 to 2016 COD value is fairly constant
with an average of 9.6 mg/L.

Figure 5b shows the annual trends in the total amount of nitrogen (T-N) in the wastewater
discharged at KIX from 2002 to 2016. The total nitrogen (T-N) is a complete measure of the nitrogen
content in water. The principal forms of nitrogen in water are nitrate (NO3), nitrite (NO2), ammonia
(NH3), and organic nitrogen [65]. The annual T-N measures at KIX have oscillated over the period
with an increase recorded in 2007, prior to a decline in 2008, and then there was a general increase over
the subsequent years.
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Figure 5. The annual wastewater pollutants at KIX during 2002–2016 and the year-on-year change
(%): (a) Chemical Oxygen Demand (COD), (b) nitrogen, and (c) phosphates. Source: data derived
from [12,13].
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Water is also regularly checked at KIX for phosphates. Phosphates in water are classified as
“orthophosphates, condensed phosphates, and organic phosphates” [65] (p. 64). Figure 5c shows the
annual trends in the total amount of phosphates (T-P) in the wastewater discharged at KIX from 2002
to 2016. The airport has recorded very small levels of total phosphates, which has averaged around
0.09 mg/L over the period of the study and has clearly remained fairly constant.

4.6. Quantitative Analysis

One of the primary indicators of environmental management performance measures at airports is
the water consumption per passenger [66–69]. Figure 6a shows the water consumption per passenger
at KIX from 2002 to 2016. There is a clear trend in terms of a reduction in the amount of water consumed
per passenger utilizing the airport over the review period and this, as previously noted, despite the
large increase in passenger using the airport. This fact is supported by the associated conclusion in
Table 2 (reject H0).

Figure 6b shows the municipally supplied water per aircraft take-off/landing (LTO) cycle at KIX
for the period 2002 to 2016. As can be observed, the amount of water per aircraft movement has
declined from a high in 2002 to a low in 2015. Again, the conclusion in Table 2 (reject H0) supports the
observation that there is a significant reduction in water consumption per aircraft movement. This is
despite larger aircraft types, such as the Airbus A380 and Boeing B777-300ER aircraft using the airport.
This suggests that both the airlines and Kansai Airport are very carefully monitoring their water usage.
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Figure 7 shows the various treated wastewater ratios. Figure 7a is a scatter plot showing the line of
best fit and the correlation coefficient (squared) of KIX’s total treated wastewater volume relative to the
municipally supplied water volume from 2002 to 2016, as a ratio. The weak r squared value suggests
that relatively speaking, the volume of wastewater treated has remained constant (Table 2 conclusion:
accept H0). Figure 7b is a scatter plot drawing showing the line of best fit and the correlation coefficient
(squared) of KIX’s annual reclaimed wastewater ratio from 2002 to 2015, relative to the total treated
wastewater. From Table 2, the ratio of wastewater reclaimed has increased over the period of the
study (conclusion: reject H0). Note that this result is in contrast to the conclusion for the volume of
reclaimed water alone, which has not changed (Table 2 conclusion: accept H0); however, the total
volume of wastewater treated needs to be considered (the reclaimed water ratio). Figure 7c is a scatter
plot showing the line of best fit and the correlation coefficient (squared) of the ratio of the treated
wastewater discharged from KIX relative to the total treated wastewater, from 2002 to 2016. As the
majority of treated wastewater is either reused or discharged, the trend of the discharge ratio is the
opposite of that for the reclaimed ratio, that is, a statistically decrease (Table 2 conclusion: reject H0).
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Table 2. The correlation assessment of water parameters for various metrics, all testing at the 95%
confidence level, with 12 degrees of freedom, using a one-tailed test, with tcrit = 1.77.

Water Metric r t Conclusion Trend

Supply
Total −0.95 −10.9 Reject Decreasing

Per PAX −0.91 −7.89 Reject Decreasing
Per ATM −0.98 −16.0 Reject Decreasing

Treated
Total −0.79 −4.65 Reject Decreasing
Ratio 0.41 1.60 Accept Constant

Reclaimed
Total −0.19 −0.68 Accept Constant
Ratio −0.77 4.34 Reject Increasing

Discharged Total −0.92 −8.46 Reject Decreasing
Ratio −0.81 −5.00 Reject Decreasing

Pollutant
COD 0.42 1.69 Accept Constant
T-N 0.93 9.49 Reject Increasing
T-P 0.06 0.23 Accept Constant

Infrastructures 2018, 3, x FOR PEER REVIEW  13 of 18 

The final section of Table 2 to be considered are the water pollutant metrics. The first of these is 

the COD concentration. The result of the regression analysis is a statistically insignificant correlation 

coefficient. Therefore, we can conclude that the COD from KIX from 2002 to 2016 has remained 

constant with time. For the T-N, the conclusion from Table 2 is to reject H0; that is, the T-N discharged 

from KIX from 2002 to 2016 has increased with time. This is a significant result and highlights why 

the airport so closely monitors these levels in its water monitoring and analysis program. It should 

be noted that the current levels are well below the regulated limits indicated in Table 1 (by almost a 

factor of 20). Finally, for T-P, the result presented in Table 1 is to accept the null hypothesis. As such, 

the T-P discharged from KIX from 2002 to 2016 has remained constant with time. 

 
(a) 

 
(b) 

 
(c) 

Figure 7. The scatter plot showing the line of best fit and correlation coefficient (squared) of KIX 2002–

2016 annual water ratios: (a) treated to supply, (b) reclaimed to treated, and (c) discharged to treated. 

Source: Data derived from References [12,13]. 

Table 2. The correlation assessment of water parameters for various metrics, all testing at the 95% 

confidence level, with 12 degrees of freedom, using a one-tailed test, with tcrit = 1.77. 

Water Metric r t Conclusion Trend 

Supply 

Total −0.95 −10.9 Reject Decreasing 

Per PAX −0.91 −7.89 Reject Decreasing 

Per ATM −0.98 −16.0 Reject Decreasing 

Treated 
Total −0.79 −4.65 Reject Decreasing 

Ratio 0.41 1.60 Accept Constant 

Reclaimed 
Total −0.19 −0.68 Accept Constant 

Ratio −0.77 4.34 Reject Increasing 

Discharged 
Total −0.92 −8.46 Reject Decreasing 

Ratio −0.81 −5.00 Reject Decreasing 

Figure 7. The scatter plot showing the line of best fit and correlation coefficient (squared) of KIX
2002–2016 annual water ratios: (a) treated to supply, (b) reclaimed to treated, and (c) discharged to
treated. Source: Data derived from References [12,13].

The final section of Table 2 to be considered are the water pollutant metrics. The first of these is
the COD concentration. The result of the regression analysis is a statistically insignificant correlation
coefficient. Therefore, we can conclude that the COD from KIX from 2002 to 2016 has remained
constant with time. For the T-N, the conclusion from Table 2 is to reject H0; that is, the T-N discharged
from KIX from 2002 to 2016 has increased with time. This is a significant result and highlights why the
airport so closely monitors these levels in its water monitoring and analysis program. It should be
noted that the current levels are well below the regulated limits indicated in Table 1 (by almost a factor
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of 20). Finally, for T-P, the result presented in Table 1 is to accept the null hypothesis. As such, the T-P
discharged from KIX from 2002 to 2016 has remained constant with time.

5. Discussion

5.1. Findings

Historically, Kansai Airport has sought to promote water conservation as a key part of its
sustainable water management. To achieve this objective, the airport works closely with key
stakeholders to find ways to conserve water. The airport also encourages the use of reclaimed/recycled
water wherever possible. Recycled or reclaimed water is used for watering, washing roadways, and
toilet flushing.

5.2. Study Limitations

A limitation of the present study was that the data was only available at the aggregate airport level,
and hence, it was not possible to analyze the water usage in the KIX airside and landside precincts.
Should such data become available in the future then a future study could examine water usage and
the systems used to monitor and process water at both the airside and landside precinct levels?

5.3. Future Work

Future work on Airport Sustainable Water Management will look at a cross-sectional study to
investigate how KIX compares to other airports globally. This will enable a detailed understanding of
how different global regions are addressing sustainable water management at airports varies, and how
regulator frameworks and natural environments contribute to this.

6. Conclusions

In this paper, the sustainable water management strategies and systems at KIX were examined.
The airport sources water from the municipal authorities and has a wastewater treatment centre that
processes wastewater for subsequent non-potable water usages, such as for the flushing of toilets,
watering gardens, and washing the tarmac and roads. Despite the substantial increase in passengers
and aircraft movements, the airport has been able to reduce its consumption of municipally supplied
water over the study period from 2002 to 2015. In 2015, the airport purchased 695,000 cubic metres
(m3) of water from the local municipal authorities. This was a significant decrease in the 1.14 million
cubic metres (m3) of water purchased from the local municipal authorities in 2002. From 2010 to 2015,
the airport has successfully reduced the volume of water per passenger and per aircraft movement.

KIX aims to recycle as much water as possible and to achieve this objective the airport has built
and operates a wastewater recycling centre. From 2010 to 2015, there has been a steady increase in
the volume of water recycled at the airport. In 2015, a total of 572,000 cubic metres (m3) was recycled,
this was a substantial increase on the volumes recycled in 2009 (337,000 cubic metres), which was
the lowest annual volume of recycled water during the study period. From 2010 to 2015, there was a
marked increase in the annual recycled water ratio at the airport. In 2009, the annual recycled water
ratio was 43.8 per cent, the lowest during the study period, and in 2015, the recycled water ratio had
increased to 66.1 per cent. This was the airport’s highest recycled water ratio during the study period
(2002 to 2015).

KIX has implemented a water monitoring program that includes the regular monitoring of water
quality at the airport. The key measurements are the chemical oxygen demand (COD), total nitrogen
(T-N) and total phosphates (T-P). Samples from the municipal and recycled water, wastewater, and the
treated wastewater that is discharged into Osaka Bay are analysed in the laboratory. The airport has
voluntarily set water quality standards that are lower than the regulated standard.

Wastewater is processed at the airport’s water treatment centre and wherever possible the recycled
(reclaimed water) is used for non-potable water uses. As previously noted, these include water used for
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toilet flushing, watering of gardens, and water used for washing roads/tarmac. The water treatment
plant plays a critical role in ensuring that all water discharged from the airport complies with the
airport’s statutory requirements.
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