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MUNICIPAL SOLID WASTE MANAGEMENT AND GREENHOUSE GAS 1 

EMISSIONS AT INTERNATIONAL AIRPORTS: A CASE STUDY OF ASTANA 2 

INTERNATIONAL AIRPORT 3 

Abstract 4 

The steady expansion of the city of Astana and the increase of airport capacity is 5 

leading to an increase in municipal solid waste generation. The purpose of this study is 6 

to perform compositional analysis of the municipal solid waste produced at the Astana 7 

International Airport and evaluate different waste management scenarios in terms of 8 

greenhouse gas emissions. Four base greenhouse gas emissions scenarios were 9 

proposed in this study, namely scenario-1 describing the current municipal solid waste 10 

management case, scenario-2 with integration of 29% recycling and 71% of municipal 11 

solid waste landfilling, scenario-3 for 100% of airport municipal solid waste being 12 

incinerated and scenario-4 for recycling 29% and the remaining waste being processed 13 

for energy recovery purposes. Recyclable and combustible fractions were found to be 14 

the major fractions (over 50%) of the total municipal solid waste generated in the Astana 15 

International Airport. The proposed scenario 2 demonstrated significantly reduced net 16 

greenhouse gas emissions (t CO2 eq/year) over the existing scenario 1, while scenarios 17 

3 and 4 showed negative net greenhouse gas emissions. The experimental data 18 

provided and the scenarios discussed in this work are useful tools for decision makers 19 

for environmental waste management at airports.  20 
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1. Introduction 22 

It has been reported that aviation emissions account for more than 2% of global CO2 23 

emissions and projected CO2 emissions (Mt) from international aviation is expected to 24 

grow to more than three times by 2050 in comparison to 2018 (ICAO, 2016). 25 

International airports are typically currently designed with operational and economic 26 

efficiency as priorities (Boons, et al., 2010). Thus, successful international airports are 27 

normally evaluated by indicators such as financial performance, number of flights and 28 

passengers traffic. In some countries like the US, the Federal Aviation Administration 29 

(FAA) and other local authorities can demand certain regulation for airports, however 30 

typically these regulations are limited (Mansolud et al., 2014). Only in the last decades 31 

has the aviation industry started considering the sustainability performance, gradually 32 

introducing aspects of environmental stewardship and social responsibility as important 33 

issues (Monsalud et al., 2014; SAGA, 2013). Waste management in airports is one of 34 

the critical environmental issues that require more attention (Li et al., 2003). Despite the 35 

fast growth of aviation in airports, less attention is generally paid to the solid waste 36 

management in comparison to noise, aircraft emissions and water consumption (Pitt 37 

and Smith, 2003; Carvalho et al., 2013). As noted by Upham et al, (2003,) non-38 

regulated resource and waste outputs in airports are related to carbon dioxide 39 

emissions. Thus, public negotiations on emissions and associated limits can be 40 

achieved locally as environmental capacity targets. As a result, locally achieved 41 

environmental limits have functioned as sustainable capacity limits and targets for 42 

airports (Upham, et al., 2003).  43 
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The waste management policy recommended by the Airport Council International (ACI) 44 

is to divert solid waste going to landfills (ACI Policy Handbook, 2018). This is expressed 45 

in the waste management hierarchy as: avoid generating waste, reduce, reuse, recycle 46 

and finally dispose the lowest possible quantity. Generally speaking, the purpose of 47 

waste management is to reduce the volume of waste being generated and its disposal 48 

cost. Typically, airports generate both hazardous and non-hazardous solid wastes that 49 

need to be recycled, utilized for energy recovery, or disposed at landfills (US Federal 50 

Aviation Administration, 2013). The typical waste streams generated at airports 51 

according to the International Civil Aviation Organization are: municipal solid waste 52 

(terminal, tenant, airline, cargo waste), construction and demolition waste (C&D), 53 

deplaned aircraft, compostable and biodegradable waste and hazardous & industrial 54 

waste (ICAO) (US Federal Aviation Administration, 2013; ICAO). According to Baxter et 55 

al. (2018b), waste generated by airlines at Kansai International Airport accounted for 56 

20% of the total airport waste. Considering that the choice of airlines is directly 57 

influenced by the level of service provided to passengers (Abeyratne, 2001), airports 58 

are continuously seeking to achieve further improvement of customer service by 59 

providing free newspapers and magazines and amenities. As a result, such measures 60 

lead to an extra airport waste. In this regard, it was observed that only sorting and 61 

recycling of newspapers on aircrafts at Munich Airport was enough to reduce the waste 62 

by half (Pitt and Smith, 2003b). Moreover, the new regulation adopted by German 63 

Waste Management and Product Recycling Act in 2012, has forced all products 64 

purchased by the Munich airport to satisfy environmental and economic requirements 65 

(Baxter, et al., 2014). In addition, continuous improvement of higher recycling rate was 66 
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achieved by the strict separation of recoverable fractions with trained staff in six 67 

recycling stations located nearby airport (Baxter, et al., 2014). Moreover, logistics 68 

optimization measures were performed by minimizing container loads, shortening the 69 

transport paths in order to reduce the GHG emissions (Baxter, et al., 2014).        70 

Waste management in international airports is recognized as one of the key aspects in 71 

sustainability performance (Lam et al., 2018; Upham et al., 2003; Kilkis and Kilkis, 72 

2016). In the study of Kilkiș and Kilkiș (2016), a benchmarking of airports was 73 

developed based on the sustainability ranking indexes. According to the authors, 74 

environmental management and biodiversity were found to be one of the 5 main drivers 75 

to build a ranking of sustainable airports. As expected, water and waste management 76 

aspects of airports also servved as main indicators (Kilkiș and Kilkiș 2016). In addition, 77 

the authors extended the study by implementing benchmarking metabolism further for 78 

airlines based on the sustainability airline index (SAI) (Kilkiș and Kilkiș, 2017). The 79 

results showed that top ranking airports such as Amsterdam, Frankfurt, Munich, Atatürk 80 

and Heathrow have achieved a high level performance both in terms of operational 81 

aspects, such as passenger and cargo traffic, and environmental management. In 82 

addition, a comparison of world’s best 10 top airports was also conducted by Koç and 83 

Durmaz (2015) based on sustainability analysis and performance. According to this 84 

study, the airport that perform very well according to the stakeholder expectations do 85 

not necessarily perform satisfactorily in terms of sustainability reporting investigations 86 

based on empirical findings (Koç and Durmaz, 2015).  87 

According to the annual reports and open data Munich, Naples, Gatwick, Hong Kong 88 

and Geneva had the highest recycling rate of municipal solid wastes in recent years 89 
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(Munich Airport 2015/2016; Miedico, 2018; Gatwick Airport, 2017; HKIA, 2016/17; 90 

Geneva Airport, 2018). In addition,  Copenhagen and Brussels International Airports 91 

have achieved significant improvements in terms of waste recycling rate of around 26 92 

and 28%, respectively (Copenhagen Airport, 2017; Brussels Airport, 2017). The detailed 93 

information on waste recycling rates of some selected international airports are 94 

presented in Table 1.  95 

Table 1 Solid waste recycling rate at International Airports 96 

International 

Airports 

Country Recycling 

rate, % 

Passenger 

traffic, 

Million 

Year of 

report 

References 

Munich  Germany 79 42.3 2016 (Munich Airport 

2015/2016) 

Naples Italy 62 8.6 2017 (Miedico, 2018) 

Gatwick England 58 43.1 2018 (Gatwick Airport, 

2017) 

Hong Kong  Hong Kong 46 70.5 2016 (HKIA, 2016/17; 

HKIA) 

Geneva Switzerland 44.4 17 2017 (Geneva Airport, 

2016-2018) 

Copenhagen  Sweden 28 29.2 2017 (Copenhagen 

Airport, 2017) 

Brussels Belgium 26 23.5 2017 (Brussels Airport, 
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2017) 

Kansai  Japan 13.2 28.8 2015 (KIA, Baxter et al., 

2018) 

Astana  Kazakhstan 11.5 4.2 2017 (Urcha, 2018) 

The total weight of the reclaimed solid waste at Munich Airport has continuously 97 

decreased from 16 000 to 8 000 t from 2008 and 2011 (Baxter et al., 2014). In 2015, the 98 

airport achieved a solid waste recycling rate of 79%, 57% of which was mixed materials 99 

and 22% was waste paper (Munich Airport, 2015). Of the non-recycled waste (21%), 100 

11% was sent to a biogas plant, while the remaining 10% was disposed at the Munich 101 

landfill (Munich Airport, 2015). In 2016, 6.4 Mt of waste was recycled, while 4.5 Mt of 102 

waste was used for energy recovery purposes, and only 309 t was disposed at the 103 

landfill (Munich Airport, 2016). Approximately 10.4 kt of waste was generated in 2015 at 104 

Kansai International Airport (KIA, 2016) and 83% was characterized as combustible 105 

fraction and the remaining 17% as recyclable fractions (KIA, 2016). The combustible 106 

fraction includes kitchen, food, rags, non-recycle and other wastes, while the non-107 

combustible fraction consist of glass, ceramic dishes, glass bottles (broken) and metal 108 

wastes. The recyclable fraction of KIA airport is further sorted to aluminum, steel cans, 109 

unbroken glass bottles, newspaper, magazines, office paper, documents and cardboard 110 

(KIA, 2016). The combustible fractions were utilized at the incineration plant located at 111 

the Kansai Airport area. The incineration plant is equipped with a fluidized bed 112 

combustion system (KIA). Flue gas from the incinerator is treated with a filter-type 113 

precipitator, catalysis to reduce NOx emissions and wet ash stabilization technology 114 

(Baxter et al., 2018). The exhaust gas from the incinerator is controlled under strict 115 
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standards limits and kept at or below the following concentrations: dust at 0.02 g/Nm3, 116 

SOx at 20 ppm, HCl at 30 ppm and NOx at 70 ppm (Baxter et al., 2018). it should be 117 

noted that there are only a few studies on solid waste management in international 118 

airports (Pitt and Smith, 2003a; Mayer et al., 2015; Baxter et al., 2018a). As the first 119 

step in any waste management plan for the Astana International Airport, the detailed 120 

composition of MSW produced at the airport (TSE) is required and it is presented here 121 

for the first time. In addition to the compositional analysis, GHG emissions were 122 

estimated from the MSW fractions and four possible scenarios are explored. As 123 

experience has shown, the waste management scenarios could potentially reduce the 124 

environmental footprint of the airport. At present no recycling program or other waste 125 

management measures are implemented in the Astana International Airport. Also, there 126 

are limited data on MSW management for any international airports in Kazakhstan. This 127 

study will also be useful for airport as well as city authorities to develop an effective 128 

solid waste management strategy and also to promote continuous improvement of 129 

existing waste management programs. 130 

2. Material and Methods 131 

This section describes in detail the airport MSW sampling procedures implemented for 132 

compositional analysis and reports the GHG calculation tool and the model based on a 133 

simplified Life Cycle Assessment (LCA) method  used to estimate GHG emissions. The 134 

case study description is presented in detail along with the proposed scenarios for GHG 135 

emissions. 136 
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2.1. Waste sampling procedure 137 

A two-step sampling method was applied for the sampling of solid waste  according to 138 

ASTM D 5231-92 (see Figure 2 (ASTM, 2003). The first sampling was conducted in 139 

November of 2017 and the second in August of 2018. Here a loaded truck was 140 

delivered to the landfill from Astana International Airport. In total 236 and 214 kg of solid 141 

waste were sorted during the first and second sampling campaigns, respectively. As 142 

illustrated in Figure 2, large pieces of refuse including recyclables were separated 143 

during the first sorting step, typically includeing paper (cardboard, paper, Tetrapak), 144 

plastic (HDPE LDPE, PET, other plastics), metals (Fe and non-Fe), glass, wood, textile 145 

and leather, waste electrical and electronic equipment (WEEE), construction and 146 

demolition (CDW), and others. During the second sorting step, non-recyclable fractions 147 

were further sorted into combustible fractions such as mixed paper, mixed plastic, textile 148 

and leather, and wood, as well as non-combustible smaller items such as metals (Fe 149 

and non-Fe), glass, and WEEE. Each container was then weighed using a digital scale. 150 

Schematic illustration of sampling steps can be found in the Figure 2.  151 

 152 
Figure 1. Sampling steps for MSW 153 
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2.2. GHG emission tool 154 

For the base calculations of GHG emissions, an open source calculator called the Tool 155 

for Calculating Greenhouse Gases (GHG) in Solid Waste Management (SWM) was 156 

used. The tool was developed by IFEU (Institut für Energie- und Umweltforschung 157 

Heidelberg GmbH) and the German Technical Development Cooperation (IFEU, 2016). 158 

The calculation method used in the model follow a simplified Life Cycle Assessment 159 

(LCA). Different waste management scenarios can be compared by calculating the 160 

GHG emissions of recycled and disposed waste fractions.  161 

The annual solid waste production at Astana International Airport and the composition 162 

of MSW were used as specific input data. Additionally, the following data were 163 

considered for the the estimation of GHG emissions for the abovementioned four 164 

scenarios: 165 

1) Waste quantities derived from the weighbridge data provided by Astana 166 

Municipality; 167 

2) Waste composition data generated through two waste sampling analyses in 168 

November 2017 and July 2018; and 169 

3) The total carbon (Ctotal) and fossil carbon (Cfossil) content of given waste fractions 170 

(see section 2.3). 171 

 172 

2.3. GHG emission methods 173 

A simplified life cycle assessment method was used to determine the GHG emissions 174 

from MSW stream. The emission coefficients were taken from the commonly used IPCC 175 

database of 2006, with the global warming potential (GWP) values for methane of 28 176 
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and for nitrous oxide of 265 (IPCC, 2006a; IPCC, 2006b). The 2019 refinement of IPCC 177 

database from 2006 does confirm no refinement on GWP for methane and nitrous oxide 178 

values. These emissions for these components were converted to CO2 eq. Carbon 179 

contents of the solid waste fractions, were taken from supplementary IPCC database, 180 

see Table 2. GHG emissions factors for biogegradable and recyclable fractions as well 181 

as other supportive information used in the estimation are provided in the 182 

supplementary material, see Tables S2-S5 (Prognoz, 2008). 183 

CO2 emissions based on MSW composition were calculated from eq. 1 (IPCC, 2006a; 184 

IPCC, 2006b; IPCC, 2006c): 185 

𝐶𝑂2𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 = 𝑀𝑆𝑊 ∗∑(𝑊𝐹𝑗 ∗ 𝑑𝑚𝑗 ∗ 𝐶𝐹𝑗 ∗ 𝐹𝐶𝐹𝑗 ∗ 𝑂𝐹𝑗) ∗ 44/12

𝑗

  (1) 

where:  186 

CO2 CO2 emissions in the inventory year, Gg/yr; 

MSW total amount of municipal waste as wet weight incinerated or open-burned, 

Gg/yr; 

WFj fraction of waste type/materail of component j in the MSW (as wet weight 

incinerated or open-burned); 

dmj dry matter content in component j of the MSW incinerated or open-burned, 

(fraction); 

CFj fraction of carbon in the dry matter (i.e., carbon content) of component j; 

FCFj fraction of fossil carbon in the total carbon of component j;  

OFj oxidation factor (fraction, considered as 100% for incineration; 
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44/12 conversion factor from C to CO2; and 

j component of the MSW incinerated/open-burned such as paper/cardboard, 

textiles, food waste, wood, garden (yard) and park waste, disposable 

nappies, rubber and leather, plastics, metal, glass, other inert waste. 

Table 2 Carbon content of MSW fractions (IPCC, 2006a; IPCC, 2006b; IPCC, 2006c) 187 

Fraction Total Carbon (%) Fossil Carbon (%) 

Food waste 15.2 0 

Garden and park waste 19.6 0 

Paper, cardboard 41.4 1 

Plastics 75.0 100 

Glass 0 0 

Ferrous metals 0 0 

Aluminum 0 0 

Textiles 40.0 20 

Rubber, leather 56.3 20 

Nappies (diapers) 28.0 10 

Wood 42.5 0 

Mineral waste 0 0 

Others 2.7 100 

2.4 Description of the case study: Astana International Airport 188 

According to the Civil Aviation Statistics of the World, a strong relationship exists 189 

historically between economic growth of a country and the growth rate of aviation, 190 

(ICAO, 2002a). The Astana International Airport of the Kazakhstani capital city is 191 
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another example that has followed a similar trend of a very fast expansion of aviation 192 

along with economic growth, see Figure 2. In addition, Astana city has one of the 193 

highest economic growth rates within the country and the highest net migration rate in 194 

2017 (NSC, 2018). According to the National Statistical Committee (NSC), the net 195 

migration of Astana city residents was the highest within the country at 33 500 in 2017 196 

(NSC, 2018). During 1998 and 2018, the population of Astana city increased from 327 197 

000 to over 1 030 000 inhabitants (NSC, 2018). In addition, major work on the 198 

expansion of the transportation systems such as airport and train stations has occurred 199 

in Astana city. Currently, roughly 90% of the MSW produced in Astana city, including 200 

the solid waste from the airport, is disposed in the sanitary MSW landfill. The remaining 201 

10% of MSW is separated as recyclable fraction at the sorting plant (Urcha, 2018). 202 

Generally speaking, this MSW disposal trend can be compared to other countries such 203 

as Poland and the Russian Federation where 90% and 95% of MSW are disposed at 204 

the landfills, respectively (IFC WBG, 2012; Renou et al., 2008). According to four 205 

seasonal investigations on morphology of MSW in Astana (2017-2018), 48-50% of the 206 

disposed MSW in Astana city was classified as organic, 30% as recyclables, 10% 207 

refuse-derived fuel (RDF) and the rest being other fractions (Abylkhani et al., 2019). 208 
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Currently, Astana International Airport serves nearly 160 flights per day including both 209 

landing and take-off flights (AIA, 2018a). According to the latest data, the passenger 210 

traffic growth rate via Astana International Airport in the first half of 2018 has increased 211 

by 11% in comparison to the same period for 2017 (AIA, 2018b). Figure 2 shows the 212 

dynamics of passenger and cargo traffic for the period of 2006-2017. The total 213 

passenger traffic of Astana International Airport numbered around 4.3 million in 2017 214 

(AIA, 2018a). As reported by the civil aviation committee, 29% of the total passenger 215 

traffic in Kazakhstan came from Astana International Airport (CAC, 2017). As seen in 216 

Figure 2, the passenger traffic has more than quadrupled over the period of 2006-2017 217 

(AIA, 2018a). The passenger traffic curve over this period was linear. It should also be 218 

 

Figure 2 Dynamics of passenger and cargo traffic at Astana International Airport during 

2006-2017 (AIA, 2018a). 
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noted that there is a high probability of an increase in passenger traffic in the near future 219 

due to the steady growth in recent years, as indicated by the statistical data on the 220 

demographics and economics of the Astana city residents. In 2017, more than 1031 t of 221 

MSW from Astana International Airport was disposed at the MSW landfill1. MSW 222 

generation is also likely to increase in line with a stable increase of the passenger 223 

traffic, as seen in Figure 2. Based on the statistical data of the sorting plant in Astana, 224 

the solid waste from the Astana International Airport is delivered approximately 15 to 16 225 

times per month with an average weight of around 6 tonnes. Separate statistics are also 226 

available for construction and demolition waste (CDW) that is also being disposed at a 227 

separate cell of the current MSW landfill. However, the CDW is excluded from this study 228 

and focuses on municipal solid waste only. 229 

2.5 Proposed waste management scenarios  230 

In this study, four scenarios of MSW utilization are compared in terms of CO2 emissions 231 

savings. The scenarios examined are illustrated in Table 3. The quantities and 232 

composition of MSW were used as input data to the tool for calculations of GHG 233 

emissions. The first scenario illustrates the current situation for waste management in 234 

Astana International Airport. As noted above, roughly 10% of Astana MSW is recycled 235 

and the remaining 90% is disposed at the sanitary landfills (Urcha, 2018; Abylkhani et 236 

al., 2019; Inglezakis et al., 2018). In addition, MSW generated at Astana International 237 

Airport is transported to the city MSW landfill side where it merges with the city MSW 238 

stream and is treated by a similar mechanical separation process. Thus, MSW stream 239 

from airport was proposed to model the current situation (10% as recyclable and 90% 240 
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being landfilled), see Figure 3. The second scenario assumes an improved scheme for 241 

MSW management, where recyclable fraction of MSW such as glass, plastics, paper 242 

and metals are separated at the source including composting of the organic fraction. 243 

These values are in general agreement with  the recent results obtained from MSW 244 

sampling campaigns made in Astana city (Abylkhani et al., 2018). According to the 245 

MSW composition of the city, the potential fractions of recyclables account roughly for 246 

30%. A similar scenario was proposed by Milutinovic et al., (2017) in a study on 247 

environmental assessment of MSW management for the city of Niš in Serbia. The third 248 

scenario assumes an energy recovery option by introducing an incineration technology 249 

to utilize all MSW generated at the airport. This scenario is justified by the high content 250 

of paper and plastic fractions in the MSW streams of Astana International Airport and 251 

the intention of Astana municipality to build a waste to energy plant in the future. 252 

However, in this particular scenario an assumption was made that the WtE is to be built 253 

close to the Astana International Airport and thus the transportation costs are not taken 254 

into account. The fourth scenario introduces a combination of scenarios 2 and 3. In this 255 

scenario, it is assumed that the source separation of recyclables such as plastics, 256 

papers, metals, glass was taking place, along with sorting and composting of organic 257 

waste and waste to energy option. Thus, the produced MSW in this scenario is roughly 258 

divided into 29% of recyclables and the remaining 79% is sent to incineration plant for 259 

energy recovery.  260 

Table 3. Description of waste treatment scenarios 261 

 Description Share 
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Scenario 1 Existing situation 

 

10%-recyclables; 

90%-disposal in landfill; 

Scenario 2 Introduction of waste separation 

 Source separation and recycling of 

plastics, paper, metals, glass; 

 Source separation and composting of 

organic fraction 

 

29%-recyclables; 

71%-disposal in landfill 

Scenario 3 Energy recovery from solid waste  

 Waste to energy (WtE) of total 

produced waste 

100% of waste to be 

sent to a WtE plant 

(incineration) 

Scenario 4 Introduction of waste separation and thermal 

utilisation 

 Source separation and recycling of 

plastics, paper, metals, glass; 

 Source separation and composting of 

organics; 

 Waste to energy of total produced 

waste  

Combination of waste 

management scenarios 

2 and 3; 

29%-recyclables; 

71%-disposal in WtE 

plant 
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3 Results and Discussion 262 

This section presents the passenger traffic and MSW generation and composition at 263 

Astana International Airport during 2017-2018. The composition of the airport solid 264 

waste is discussed and compared with the MSW composition obtained from Astana city. 265 

Finally, the four possible scenarios for GHG emissions are investigated and discussed 266 

in detail.   267 

 268 

3.1 Monthly dynamics of the passenger traffic in 2017 and 2018 269 

According to the data obtained from the marketing department of Astana International 270 

Airport, the total passenger traffic has increased from 4.3 million in 2017 to 4.6 million in 271 

2018 (Marketing Department, 2018). Monthly statistical information for the passenger 272 

traffic for 2017 and 2018 is presented in Figure 3. Despite fluctuations between summer 273 

and winter periods, a gradual increase of MSW generation can be observed. The initial 274 

decrease of passenger traffic from 271 000 to 237 000 in 2017 and from 316 000 to 293 275 

000 can be explained by the occurrence of winter holidays which typically start from 276 

roughly 15th of December to 10th of January. The passenger traffic then gradually 277 

increases and reaches a peak of 515 000 in 2017 and 508 000 in 2018 during the 278 

summer periods.  It can be seen that the monthly dynamic of passenger traffic 279 

increased from 2017 to 2018, except for the summer period, especially in July and 280 

August. These similar values for the passenger traffic between 2017 and 2018 can be 281 

explained by added extra passengers due to the fact that there was an EXPO event in 282 

the summer of 2017. 283 
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 284 

Figure 3 Monthly dynamics of the passenger traffic during 2017 and 2018 285 

 286 

3.2 MSW generation at Astana International Airport  287 

As noted above, the total MSW generation from Astana International Airport in 2017 288 

was 1031 t. Solid waste generation per passenger based on quantities delivered to the 289 

MBT plant is shown in Figure 4.  290 
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 291 

Figure 4. Dynamics of waste per passenger in 2017 292 

The monthly passenger traffic and the total MSW weight in 2017 provided a value of 293 

around 0.24 kg of MSW per passenger (MBT data, 2017). This value is comparable with 294 

data from smaller airports such as Aberdeen International and Edinburgh Airports 295 

during 1998-2001 (Pitt and Smith, 2003). The waste per passenger in Aberdeen 296 

International Airport was 0.24 kg in 1998/1999 and 0.26 kg in 2000/2001, while the 297 

values in Edinburgh airport were 0.22 kg in 1998/1999 and 0.21 kg in 2000/2001.  298 

According to Miedico (2018), the waste per passenger at Naples International was 0.14 299 

kg which is found to be 1.7 times smaller than the data obtained at Astana International 300 

Airport (Miedico, 2018).  The waste per passenger of Kansai International Airport was 301 

0.43 kg in 2015 which is notably higher than the value of Astana International Airport. It 302 

should be noted that the waste per passenger value of Kansai International Airport has 303 

been decreasing gradually from 0.71 kg to around 0.43 kg between 2002 and 2015 304 
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(Baxter et al., 2018).  The compositional analysis of solid waste was conducted based 305 

on 27 flights of 4 different airlines in Larnaca’s International Airport (LIA) in Cyprus 306 

(Tofalli et al., 2017). The results of this study demonstrate the difficulties in 307 

implementing waste minimization practices during the flights due to the limited time for 308 

most flights in Europe which typically do not take more than 3 h. In addition, waste 309 

prevention practices were also limited by available space within the aircraft and the 310 

strict safety rules at airports. 311 

3.3 MSW composition 312 

Table 4 shows the gross MSW composition for Astana International Airport obtained 313 

from the first and second sampling campaigns at the landfill. The recyclable fractions 314 

such as paper, plastic, metals and glass collected at the first step sorting amounted to 315 

around 54%. This value is comparable with the data reported by Hong Kong 316 

International Airport in which the recyclable fraction was 53.8% in 2013 (HKIA, 317 

2015/2016). The first step of MSW separation at Astana International Airport (Sampling-318 

I) could result in a rapid effect in terms of GHG emission savings. Further, it is worth 319 

mentioning that Astana International Airport has its own boilers for district heating of 320 

buildings (AIA webpage). In this regard, separation of combustible fraction such as 321 

refuse-derived fuel (RDF) for district heating represents another attractive solution, as it 322 

has been successfully implemented at Munich and Kansai International Airports (Baxter 323 

et al., 2014; KIA, 2016; Munich Airport, 2013).  324 

Table 4 Solid waste composition in Astana International Airport and Astana city 325 

(Abylkhani et al., 2018) 326 
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Component 
Airport 

Sampling-I1 

Airport  

Sampling-II 

Astana city2  

  % % % 

Paper 30.0 44.7 12.5 

Plastic 17.2 30.5 15.4 

Fe Metals 1.4 0.4 2.0 

Non-Fe Metals 2.2 7.3 0.7 

Glass 3.1 2.8 6.2 

Wood 0.0 0 0.8 

Textile and Leather 0.3 0.3 3.4 

WEEE 1.0 0.4 0.6 

C&D 0.0 0.2 0.9 

Organics 4.7 5.2 47.2 

Fine fraction   3.4 

Cabin specific waste 4.0 6.5  

Hygiene Waste/Diapers 7.2 0.5 6.2 

Rest 28.9 1.2 0.8 

TOTAL Sample 100 100 100 

1 - Sampling-I/Sampling-II means first and second sampling campaigns of airport MSW; 2 - Average of 4 327 
seasonal sampling campaigns during 2017-2018 328 

According to the studies of Pitt and Smith (2003) and Jones (1996), about 45 to 60% of 329 

the produced waste in airports comes from the aircraft themselves rather than being 330 

produced within the airport. In addition, the composition of MSW from the residential 331 

region of Astana city was provided for comparison. As expected, the recyclables such 332 
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as paper, plastic and glass fractions found are different than those observed in airport 333 

waste. The paper fraction of airport MSW was found to be in the range of 30 to 45%, 334 

while this fraction from city waste was roughly 12.5%. The plastics fraction showed a 335 

more or less comparable trend while the glass fraction of the airport waste is one-half 336 

that this observed in the city waste. This difference is probably due to the high rate of 337 

paper and plastic in packaging of fast food or other travel items typically needed for 338 

passengers at international airports. In addition to food packaging, Baxter et al. (2018a) 339 

noted that the paper waste also consists entirely of newspapers, magazines, documents 340 

and computer printouts in most international airports. Another obvious difference was 341 

seen in the organic fraction of MSW. As expected, the organic fraction at Astana 342 

International Airport was around 5% in contrast to 47% in city waste (Abylkhani et al., 343 

2018). It should be noted that according to the information obtained from marketing 344 

department of Astana International Airport, cabin waste including recyclables and 345 

organic waste is outsourced by private company. In addition, both cabin waste of 346 

international and domestic flights are the collected at the Astana International Airport 347 

Furthermore, this collected cabin waste is merged with the general airport waste and 348 

transported to the city landfill for disposal. These observations on the quantity of organic 349 

waste can be explained by the duration of passenger stay and the existence of 350 

residents at the airports in dedicated apartments. Moreover, as it was discussed by 351 

Kilkiș and Kilkiș (2017) that onboard MSW separation scheme reduces the amount of 352 

general waste.  A comparison of the percentage of organic fraction in the airport waste 353 

produced in selected airports is provided in Figure 6. The organic fractions from Munich, 354 

Copenhagen, and Hong Kong International Airports were 11%, 18% and 35% 355 
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respectively in recent years,. This trend for organic waste at international airports can 356 

be linked with the conclusion drawn by Castillo-Manzano et al., (2018), namely 357 

passengers tend to consume more goods where there are malls and shops. Castillo-358 

Manzano and López-Valpuesta (2013) also pointed out that passenger behavior is even 359 

more obvious when cheaper food chain options are offered at the airport areas such 360 

McDonalds and Burger King. As can be seen, organic waste at international airports 361 

increases along with the increasing presence of such food chains. The percentages of 362 

organic waste vs. passenger traffic are illustrated in Figure 5.   363 

 364 

Figure 5 Percentage of organic waste vs. passenger traffic (Copenhagen Airport, 2017; 365 

Munich Airport, 2016; HKIA, 2016/17). 366 
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3.4 Greenhouse gas emissions 367 

As mentioned above, the model is based on a simplified Life Cycle Assessment (LCA) 368 

method and thus cannot not directly compared to more elaborated multi-criteria analysis 369 

models presented elsewhere (Stefanovic et al. 2016; Mulitinovic et al., 2017; Inglezakis 370 

et al., 2018). Figure7 (a, b, c and d) illustrates the calculated GHG emissions for the 371 

scenarios that were described in Table 3. GHG emissions for recycled, disposed waste 372 

in landfill and for total treated MSW waste were plotted separately. GHG emissions 373 

were presented for actual GHG emissions (noted as debit), for avoided GHG emissions 374 

(noted as avoided) and net GHG emissions.  375 

Scenario 1 describes an existing situation where 90% of MSW is landfilled and around 376 

10% is recycled. The calculated GHG emissions due to the 90% of MSW landfilled was 377 

1247 t CO2 eq/year, while avoided emissions was only 158 t CO2 eq/year. As a result, 378 

the net GHG emissions of the total MSW was 1088 t CO2 eq/year in scenario 1. An 379 

implementation of the recycling scheme, with a reasonable recycling rate of 29% in 380 

scenario 2, could reduce the net GHG emissions further to 607 t CO2 eq/year. As a 381 

result, the difference in GHG emissions between the recycled and disposed MSW was 382 

481 t CO2 eq/year. In scenario 3, it is assumed that 100% of generated MSW at Astana 383 

International Airport is to be incinerated. Thus, the net GHG emissions and avoided net 384 

GHG emissions were 535 and 563 t CO2 eq/year, respectively, see Figure 6 (c). The 385 

GHG effect of this scenario resulted in -28 t CO2 eq/year. Thus, in contrast to scenarios 386 

1 and 2, scenario 3 demonstates significant environmental benefits in terms of 387 

emissions. 388 
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An aggregate scenario 4 was proposed, which combines scenarios 2 and 3, see Figure 389 

6 (d). In this scenario, it is assumed that 29% of MSW was recycled and the remaining 390 

71% of MSW was disposed in an incineration plant. An estimated net GHG effect was 391 

found to be significantly lower in comparison to scenarios 1 and 2, where landfilling and 392 

a small portion of recyclables were considered. It is apparent that the existing situation 393 

taking place in Astana International Airport, as dealt with in scenario 1, produces the 394 

worst environmental performance due to the lack of waste management practices. 395 

Scenarios 3 and 4 were found to be the most environmentally sustainable since 100% 396 

or 71% of the produced MSW was considered to be treated in the incineration facilities, 397 

respectively. Table 5, provides the summary of GHG emissions values for each 398 

scenario.  399 

Table 5. The net GHG emissions (t CO2 eq/year) 400 

GHG emissions Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Recycled waste -113 -314 0 -314 

Disposed of waste 1201 794 -28 -77 

Total MSW  1088 481 -28 -391 

 401 
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(a) GHG emissions for scenario 1  (b) GHG emissions for scenario 2 
 

  

(c) GHG gas emissions for scenario 3 (d) GHG emissions for scenario 4 

Figure 6 (a,b,c,d). GHG emissions for four scenarios 
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3.5 Cost analysis of the scenarios 402 

The cost analysis of MSW dosposal from the Astana International Airport is based on 403 

the cost of each technology considered in the scenarios. The costs of the MSW disposal 404 

that includes separation and landfilling were provided from the sorting plant operator. 405 

According to the sorting plant operator, the cost of treatment at the sorting plant was 406 

approximately 5.4 €/t1. Other costs of technologies for MSW disposal such as 407 

incineration and composting were taken from available references (ECDG Environment, 408 

2010; GEA, 2015; GIZ, 2017). It should be highlighted that the transportation cost of 409 

MSW from the airport to the disposal location was excluded from calculations in all 410 

scenarios.  411 

3.5.1 Scenario 1 - Existing MSW scheme 412 

As expected, scenario 1 has the lowest disposal cost due to the relatively low tariff 413 

(tipping fee) given by  the MSW sorting plant which includes both cost of separation and 414 

landfilling. It should be noted here that norms (tarrifs) for accummulation of MSW is set 415 

by the local municipality and split into residential buildings (apartments) and private 416 

houses. The norms of MSW for latest residential group is found to be higher than the 417 

residents living the apartments. Thus, the centralized transportation of MSW within the 418 

city is served by private companies under the approved tariffs. Since, the tariff takes into 419 

account a social aspects of residents such as number of family member, income level, 420 

this tariffs are normally set at lower cost which could affect to the quality of the service. 421 

However, some private organizations such as airports do not operate beyond this tariffs 422 

and contract directly with MSW sorting plant with self delivery. Considering that the 423 
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generation of MSW in Astana International Airport is roughtly transported each two 424 

days, the cost of this scenario is expected to be low. The only factor that can cause to 425 

the cost is a gradual increase of passenger traffic which consequently will increase the 426 

amount of MSW generated at the airport. 427 

3.5.2 Scenario 2 - MSW recycling, composting and WtE 428 

In scenario 2, it is assumed that around 24 t of generated MSW which consist of mainly 429 

organic waste will be composted at a price of 40 €/t. The cost of composting technology 430 

per tonne of organic waste can be found elsewhere (ECDG Environment, 2010; GEA, 431 

2015). The remaining 727 t was assumed to be disposed at the MSW landfill. 432 

Additionally, further treatment was considered in this scenario by separating the MSW 433 

stream into recyclables. Thus, 278 t out of 727 t were separated as recyclables at the 434 

mechanical sorting plant of Astana landfill.  The current tariff set by MSW sorting plant 435 

of Astana was used as the cost of MSW recycling and disposal at the landfill. As a 436 

result, the separation of MSW several streams into composting, recycling and landfilling, 437 

the cost of scenario 2 increased from 5546 € to 6377 €.  438 
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3.5.3 Scenario 3 Incineration of produced MSW 439 

In scenario 3, all the generated MSW is assumed to be incinerated at a WtE plant. 440 

Typical cost of MSW incineration is around 65 €/t (GIZ, 2017; DEC, 2013) and the total 441 

cost will be roughly 70 000 €. It should be noted that this cost in scenario 3 could vary 442 

slightly due to the external costs associated with heat and power generation and 443 

environmental costs (Holmgren and Amiri, 2007). In addition, there are also external 444 

costs based on the monetary valuation of damages caused by the pollutants from waste 445 

to energy plants (Holmgren and Amiri, 2007). 446 

3.5.4 Scenario 4 MSW recycling, composting and WtE 447 

Similarly to in scenario 3, 24 t will be composted in this scenario, 278 t will be separated 448 

and collected as recyclables and 727 t will be incinerated at WtE plant. As a result, the 449 

cost of this scenario found to be lower than scenario 3.  450 

3.5.5 Summary of cost analysis for scenarios 451 

Figure 8 provides the plot of the costs versus GHG emissions of scenarios. 452 

Interestingly, the GHG emissions decreased linearly as the waste management options 453 

became more complex. However, the cost of MSW disposal among the scenarios was 454 

found to be non-linear. Generally speaking, gradual introduction of the waste 455 

management practices noted in scenarios could represent a better step in terms of 456 

cutting the cost of MSW and GHG emissions. The construction of composting and 457 

incineration plants are scheduled in the near future. Table 6 provides the mass balance 458 

and estimated costs of MSW disposal for each scenario. 459 
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Table 6 Mass balance of MSW and cost estimation of the scenarios 460 

MSW disposal 

options 

Mass Balance of each scenario 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Landfilling 929 727 0 0 

Composting 0 24 0 24 

Recycling 100 278 0 278 

Incineration 0 0 1030 727 

Total MSW (t) 1029 1029 1029 1029 

 
Cost of scenarios 

Landfilling 5007 3918 0 0 

Composting 0 960 0 960 

Recycling 539 1498 0 1498 

Incineration 0 0 66950 47255 

Total cost (€) 5,546 6,377 66,950 49,713 

 461 
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 462 

Figure 7. Illustration of GHG emissions vs. the cost 463 

It should be highlighted that the annual quantity of MSW produced at the Astana 464 

International Airport (1030 t) does not justify the construction of any onsite waste 465 

treatment facilities at present. At the same time, sending the waste to external waste 466 

treatment plants such as incineration as in scenario 3 is found to be the most expensive 467 

option. However, such decisions must also be taken after consideration of 468 

environmental, technical and social parameters. It is clear that, without setting strict 469 

environmental policies and waste management strategy, landfilling will remain as the 470 

most economic option for MSW disposal.  471 

4 Conclusions 472 

Solid waste metabolism in airports exhibits several differences compared to this of a city 473 

as for instance the significant differences in the composition and thus in the ways waste 474 
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should be managed. Case studies on solid waste management in airports are useful for 475 

the development of sustainable airports and the overall management of solid waste in 476 

the area where they are located. The simplified life cycle analysis presented in this 477 

paper is a useful tool for the estimation of environmental impact of airport solid waste 478 

and the methodology described can be used for other airports by adapting the scenarios 479 

to the local conditions.   480 

Astana International Airport has become one of the main international gateways for 481 

communication within the region and the rest of the world. The MSW generation and 482 

relevant environmental implications are likely to increase due to the continuous gradual 483 

increase of the passenger traffic rate and continuous expansion of Astana International 484 

Airport. In this regard, the following key conclusions can be drawn from this work: 485 

 The MSW composition of Astana International Airport has a high content of 486 

recyclable fraction (54%) of high calorific value materials.  487 

 The observed value of recyclables was found within the range in comparison to 488 

other international airports; 489 

 The composition of MSW such as organic fraction does not vary with the 490 

seasons and found around 5%; 491 

 The current waste management practices at the Astana International Airport 492 

showed the highest GHG emissions in comparison to the proposed alternative 493 

scenarios 494 

 As expected, the cost of the existing MSW disposal method is found to be the 495 

lowest in comparison to other scenarios. 496 
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The outcomes of this work is useful for the authority of Astana International Airport as 497 

well as city municipality for waste management planning. The introduction of waste 498 

management elements proposed in scenarios 3 and 4 would place Astana International 499 

Airport in the category of sustainable airports in the region. However, it should be 500 

highlighted that at this stage, that integration of MSW stream with city MSW stream is 501 

feasible due to the low quantity of waste generation. Taking into account the remarkable 502 

achievements of some of international airports in terms of sustainability rankings,  the 503 

authors believe that Astana International Airport could follow these examples as a 504 

benchmark and  set the sustainability strategy by gradually improving the MSW 505 

management schemes based on the above discussed scenarios. In the future, this work 506 

will be continued with a detailed  analysis CO2 emissions by aircraft emissions, cost 507 

sensitivity analysis of technologies and GHG emissions due to the transportation.  508 
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