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INTRODUCTION

ABSTRACT

Air transportation has an undisputed speed advantage among all other modes. On the other
hand, it is known that the environmental metrics of aviation is quite unsatisfactory compared
to other transportation types due to its fuel characteristics and the amount of consumed fuel.
However, it would be a wrong choice to rely solely on operational processes to make a true com-
parison. For this reason, a Life Cycle Assessment (LCA) model should be generated by taking
into account processes such as production except the operation process and the calculations
should be performed with a comprehensive and holistic perspective. In this study, the environ-
mental impacts of air and rail transport types are compared from the life cycle perspective. For
this purpose, first, the emissions in the case of one passenger per one km (pkm) transportation
by air and rail were calculated. Then, taking into account the production and disposal processes
of the aircraft and passenger trains, the LCA cycle was completed and total emissions were cal-
culated. SimaPro version 9.0.0.49 package program and 1.09 version of ReCiPe 2008 method
were used for LCA calculations. With the help of the program, emissions generated during both
production and one pkm transportation processes of an aircraft, high-speed and normal train
were estimated. Accordingly, the greenhouse gas produced one pkm in air transport was 126.8
g in terms of carbon dioxide equivalent (CO,, ), while CO,  was 0.3 and 0.31 g for high-speed
trains and regular trains, respectively. Considering the production processes, 2072.1, 28.72, and
19.07 t of greenhouse gases are produced, respectively for these three transportation modes.

Cite this article as: Levent Bilgili, Afsin Y. Cetinkaya, S. Levent Kuzu. Life cycle comparison of
passenger air and rail transportation. Environ Res Tec 2022;5:1:44-49.

both the transport infrastructure and the operation. With
the increase in CO, emissions, the effects of global warm-

In today's society, environmental aspects are important
in the transportation sector. The society will presumably
change their choice in the transport sector due to chang-
es in the energy/environmental situation in the future [1].
Strategic decisions concerning the development of the
transport sector must be based on solid facts concerning
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ing and climate change, which have accelerated in recent
years, have become more evident [2-4]. Understanding the
importance of CO, provides a new perspective on the dis-
cussion of air and rail transport uses [5]. The two transpor-
tation modes differ among themselves in terms of supply
chain, costs, and energy use. In the literature, each trans-
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portation mode was examined individually and has not
been compared to any other transportation mode [6-8]. It
is important to examine the passenger air and the rail trans-
portation and to compare them with each other.

The LCA method is used to identify, report, and manage
environmental impacts at different stages of the life cycle,
starting with the acquisition of raw materials that are used
in the production of a product or service, including all rel-
evant production, shipment, use by the consumer and dis-
posal as waste [9-12]. LCA evaluates the entire life cycle of
a product or service and their connections with each other.
As a result, any environmental impact that may arise in all
processes from "cradle to grave" of the product or service
being evaluated [13, 14]. The railway system represents one
of the most resource-efficient answer to the ever-growing
demand for transport service. Development trends for the
following years project a substantial increase in this sector.
Environmental effects caused by railway transport services
have been rarely inspected systematically and existing stud-
ies focus on single typologies of environmental aspects, like
energy consumption and air emissions [15, 16]. A wide
summary of LCA based studies showing the transportation
sector was provided by Andreoni et al. [17].

In today's world, the aviation industry is becoming more
and more important. While it is important in terms of the
benefits it creates, it also contributes especially to air pollu-
tion and global warming, a problem that the whole world
needs to find a solution [18]. Significant contribution to
atmospheric pollution was determined in Istanbul Atatiirk
Airport in Turkey [19]. Some parameters such as NO, ex-
ceeded the air quality threshold value within airport area.
The resources used in aviation sector activities directly
affect the lives of living things, cause climate change, and
create global externalities. The aircraft industry continues
to grow as predicted, so reducing emissions is critical. Avia-
tion is responsible for almost 12% of transport related glob-
al CO, emissions, having approximately 500 Mt annual CO,
emission [20]. Global passenger and freight air transporta-
tion is expected to grow annually at 3-5% per year rate over
the next decades [20].

Therefore, this study evaluates the environmental impacts
of the railway and the airline transportation through a life
cycle analysis, considering CO, emissions from both op-
erations and infrastructure construction. A full LCA was
conducted to compare modes of transport in terms of their
environmental impact.

MATERIALS AND METHODS

LCA is a method that started to be developed about 50
years ago and is now widely used by many industries. LCA
examines the environmental impact of a product or service
(or, with widespread use, product system) in a holistic way.
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Figure 1. System boundaries.

Unlike traditional methods, the production, transporta-
tion, operation, maintenance, and disposal processes of a
product system are simultaneously analysed and the results
are correlated and then evaluated. This allows a comparison
to be made as to which process has a better or worse envi-
ronmental impact. In addition, thanks to the LCA, a wide
variety of previously defined environmental impact catego-
ries can be calculated. LCA can also be used to estimate en-
vironmental costs [21]. There are many package programs
available to make LCA calculations. There are also various
methods in these programs. In this study, 9.0.0.49 version
of SimaPro package program and 1.09 version of ReCiPe
2008 method were utilised.

In this study, LCA was chosen to make a comparison be-
tween product systems and has a holistic perspective on the
environmental effects of the product system. The reason for
choosing the ReCiPe 2008 method is that it offers up-to-
date and comprehensive results. The emissions produced by
air transport and regular and high-speed rail transport per
1 pkm, which means the transport of 1 passenger for 1 km,
are calculated in this study.

In the calculations of the air transport, the production and
operation data of 1 aircraft were used. In the production
data; the material consumed during the production, en-
ergy and water, and the transportation of the materials
by land and rail were considered. In the production data
of high-speed and regular train; the production material,
the amount of electrical energy and light oil used in pro-
duction, and the disposal processes of the high-speed train
were evaluated. Figure 1 presents the system boundaries for
the upstream (manufacturing) processes.

Carbon dioxide (CO,-biogenic and fossil), carbon monox-
ide (CO-biogenic and fossil), dinitrogen monoxide (N,0),
waste heat, methane (CH,-biogenic and fossil), nitrogen
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Table 1. Social cost factors (€/kg pollutant)

Pollutant type Cost factor
CO, 0.0566
CcO 0.0958
N,0 15
CH, 1.75
NO, 347
NMVOC 2.1

PM, 79.5

SO 24.9

2

oxides (NO ), non-methane volatile organic compounds
(NMVOC), particulate matter (PM,,), sulphur dioxide
(50,) and water vapour (H,0O) were calculated in the LCA.
Of these gases, CO,,N,0,CH,, and H,O are the main con-
tributors of global warming [22]. There are findings that
waste heat and PM,, may contribute to global warming
[23-27]. In addltlon, NO PM, . and CO have adverse ef-
fects on human health and the environment [28]. Unlike
the others, CO,, CO, and CH, emissions were examined
under both biogenic and fossil emission headings. Biogenic
emissions are defined as part of the carbon cycle. Therefore,
the net value of biogenic emissions is zero, i.e. the amount
of emissions produced and used by nature through photo-
synthesis is equal [29].

In addition to the emission amounts, the social (or envi-
ronmental) cost, which expresses the cost spent to reduce
the environmental damage caused by the emissions, is also
included in the calculations. In this way, the economic, as
well as environmental, burden of the emissions can be cal-
culated. Social cost factors are taken from Zevenhoven and
Beyene [23] and presented in Table 1.

RESULTS AND DISCUSSIONS

Results obtained as a result of LCA calculations are present-
ed in Figure 2. While Figure 2 includes only the emissions
released during the transport process, Figure 3 presents the
values obtained as a result of taking the production process
into account.

Emissions and waste heat generated during the transport
process are quite low for 1 pkm. Figure 2 shows that air
transport has higher fossil CO, emissions than rail trans-
port. Air transport generates 126.54 g of fossil CO, per 1
pkm, while this value is calculated as 0.11 g for rail trans-
port. N,O and fossil CH, production per 1 pkm is higher
in railway transportation. Similarly, water vapour produc-
tion is higher for the rail transportation. However, due to
the abundance of CO, production, air transport is more
unfavourable than the rail transport in terms of green-
house gas (GHGs) production potential and contribution
to global warming. When other emissions are analysed, it

Transport Emissions

co2 Bmgenlc Coz(;) il | €O Blogemc COFossil (g)  N20 (mg) Heat, (J\?Iaste CHid (::o;emc CH4 Fossil (g)  Nox (g) NMVOC (g)  PM2,5 (g) S02 (g) H20 (cm3)
= Rail 0,0053 0,12 5,27 0,12 3,01 231,51 5,85 0,18 0,31 0,038 0,06 0,33 108,25
= Rail-High Speed 0,053 0,10 534 0,10 2,90 341,53 5,95 0,18 0,20 0,026 0,06 035 120,39
u Air 0,12 126,54 0,0003 0,15 1,39 34,39 0,37 0,14 0,54 0,11 0,01 0,13 71,11

Figure 2. Transport emissions of air and rail modes.
Total Emissions

co2 B'°ge“‘° o2 Fossil (t) <© B'°ge"'° COFossil(t)  N20(t) “e"‘('e‘ﬁme CHABiogenic ¢y cocii () Nox(t)  NMVOC(t) PM25(t)  SO2(t)  H20 (m3)
w Rail 0,07 13,73 0,07 13,73 0,07 3,10 0,06 5,15 6,50 1,12 2,49 15,08 6852,96
®Rail-High Speed 0,12 19,31 0,12 19,31 0,11 5,75 0,11 9,06 8,75 257 2,95 2,8 1892691
= Air 3068 | 203582 0,11 5,46 0,076 1,32 0,11 5,33 5,03 6,76 1,85 108 245725

Figure 3. Total emissions of air and rail modes.
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is observed that there is a balanced distribution. For ex-
ample, air transport is more dominant in the production
of biogenic CO,, fossil CO, NO_, and NMVOC, while rail
transport produces more biogenic CO, PM_,, and SO,.
The values for high-speed and regular train emissions are
generally close to each other. Only waste heat is produced
much more by high-speed train.

Figure 3 includes the calculations results of production
processes to the transportation emissions shown in Fig-
ure 2. Air transport is obviously ahead in fossil CO, pro-
duction, when the production processes are also consid-
ered. Although rail transport (especially the high-speed
train) produces most of other GHGs (N,O, CH, and
H,0), it is possible to admit that the negative contribu-
tion of air transport to global warming is higher than that
of rail transport. A relatively balanced distribution is ob-
served in other gases. While rail transport is ahead of air
transport in the production of fossil CO, waste heat, NO ,
PM, , and SO,, air transport surpassed the rail transport
in NMVOC production. Since the data in Figure 3 in-
cludes the production values of one plane and train, the
pkm unit is no more applicable. Since the production val-
ues are very high, the values in Figure 2 have decreased to
a negligible level.

Social costs caused from emissions were also calculat-
ed by multiplying the social cost factors in Table 1 with
the values in Figure 3. Accordingly, the total costs of air
transport, high-speed train and regular train were calcu-
lated as € 355,109, € 288,059, and € 167,898, respectively.
According to these values, air transport performed the
worst for the environmental costs.

In one of the studies conducted in 2016, environmental
performance comparison of airline and high-speed rail
transportation was performed [30]. According to the find-
ings of that study, although the general belief is that the
high-speed train operations on the same route are more
environmentally friendly than the airline operations, the
environmentally friendliness of high-speed train oper-
ations generally depends on the source from which the
energy is obtained, so a definite conclusion cannot be
reached. Results of the present study show that the use
of the railroad is clearly more environmentally friendly.
On the other hand, if a more comprehensive LCA calcu-
lation based on country-based energy production studies
is made, changes in results are very likely.

In another study conducted in the same year, a compar-
ison was made between a high-speed train operating in
Australia and short-distance air transport [26]. CO, pro-
duction per 1 pkm in 2026 was estimated as 104.5 g and
30.3 g for air transport and high-speed rail transport, re-
spectively. These values include the production, mainte-
nance, and operation of the aircraft and the production,
maintenance, operation, and disposal processes of the

train. According to the results of the study, using high-
speed trains instead of airways in short-distance travels in
Australia will provide a great reduction in GHG produc-
tion [26]. In our study, CO, values calculated per pkm for
air transport and high-speed train are 126.54 g and 0.1 g,
respectively. The common point of both studies is that the
high-speed train is more environmentally friendly than
the air transport.

CONCLUSIONS

Transportation is one of the principal needs of modern
people. Different modes of transportation have been de-
veloped to meet different demands. These modes of trans-
port have superior and weak characteristics in various ar-
eas. Especially in recent years, with the foundation of the
concept of sustainability into daily life, the environmental
performance of different transport modes has been ques-
tioned extensively. LCA is one of the most frequently
used methods in these comparisons due to its holistic
perspective.

In this study, air and rail modes for 1 pkm transporta-
tion were compared with LCA method in terms of envi-
ronmental performance. Air transport seems to be ahead
of the rail transport, especially in GHG production. Air
transportation produces 126.54 g of fossil CO, per 1 pkm,
while the high-speed train produces 0.1 g and the regu-
lar train produces 0.12 g of fossil CO,. Similar results are
obtained when the production process is also considered.
When the production of one aircraft and the transpor-
tation per 1 pkm are examined together, it is seen that
2035.82 t CO, is produced. The same values are 19.31 t
and 13.73 t for high-speed and regular train. In addition,
it is seen that air transportation produces higher social
costs compared to rail transport. On the other hand,
while air transportation produces more CO, NO,, and
NMVOC during transportation phase, rail transportation
modes cause more of them in terms of total emissions.
Besides, rail transportation modes are generally responsi-
ble for more emissions.

According to these results, it is concluded that air trans-
portation produced worse results for GHGs and thus, for
climate change. However, rail transportation is not as en-
vironmentally friendly as it is thought when compared to
air transport. On the other hand, despite the comparison
of the modes of transportation made within the scope of
the LCA, more detailed data on the production, opera-
tion, maintenance, and disposal processes are required in
order to reach more precise conclusions and judgments.
The question of ‘which mode gives the best solution for
the environment’ is not easy to answer and because the
results of the study provides a limited outcome for a cer-
tain comment, it is of great importance to support further
studies with a more comprehensive database.
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