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Abstract

Tourism transportation contributes substantially ttee global carbon footprint. This
contribution is predicted to enlarge, especially‘emerging’ tourism markets, and hence
urgent carbon mitigation is necessary. Effectivéigation is determined by reliable carbon
footprint assessments whose number is howeverddnparticularly for developing countries
with growing tourism. This study applied the lifgcte assessment (LCA) based method to
appraise the carbon significance of various trarispodes between Rio de Janeiro and Séo
Paulo, the key itinerary for travel with leisuredatourism purposes by local residents and
overseas visitors in Brazil. Given the envisagesk rin biofuel use in the Brazilian
transportation sector, this study is unique in ih&valuated the carbon reduction potential
offered by biofuel. The study demonstrated thatlawel public transport represents the most
carbon-efficient mode of local transportation.utther highlighted the crucial role of biofuel
in minimising the carbon intensity of transportatibetween Rio de Janeiro and Sao Paulo.
Policy-making and managerial recommendations watdgoward to facilitate more climate-

benign local transportation practices.
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Highlights:

We apply a life cycle assessment (LCA) based meth@stimate the carbon footprint

of local visitor transport in Brazil

We account for the mitigation potential offeredtbgfuel

We find overland transport to be most climate-benig

We demonstrate substantial carbon savings achmaeapplication of biofuel
Managerial and policy-making recommendations talifate more carbon efficient

local transport practices in Brazil are devised



1. INTRODUCTION

Brazil, alongside South Africa, China, India andsRa, is part of the BRICS group
countries. These are known as large emerging ngr&isb in terms of domestic, inbound and
outbound tourism (United Nations World Tourism Qmngation — UNWTO 2011). For
instance, circa 5.8 million international touristials were registered for Brazil in 2013
while in 2014 this number grew to 6.4 million (UNWT2014). The substantial recent
increase in Brazilian tourism is primarily attriedtto the hosting of the 2014 FIFA World
Cup (Brazil 2015; EFE 2014). Given that Brazil withst the Olympic and Paralympic Games
in 2016, it is estimated that, in subsequent ydhaesnational tourism industry will attract at
least another million of inbound and a similar n@mbf domestic tourists per year (Gaier
2014).

While inbound tourism in Brazil, especially as faated by recent mega sports events, is
growing, the geographical distribution of interoatl arrivals within the country remains
unequal. The cities of Rio de Janeiro and Sao Pagdeesent the mainstay of international
tourist demand (Brazil 2014a; Ministério do Turisi2013). For instance, among the
estimated 6.4 million international tourists re@e\by the country in 2014, circa 1.6 million
entered the country via Rio de Janeiro and fur@i2million - via Sdo Paulo, thus accounting
for about 59% of the total number of internatiotmalrist arrivals to Brazil (Brazil 2015). It is
not unusual for many tourists to then travel betwenese two cities as they represent the key
tourist destinations in the country (Brazil 2014B)e Rio de Janeiro - Sdo Paulo connection
therefore represents the most important transpantatrtery in Brazil from the standpoint of

inbound tourism.

The Rio de Janeiro - Sao Paulo transportation adiomeis also crucial in terms of
domestic tourism. This is because Rio de JaneidS#Eo Paulo are among the largest cities in
the southern hemisphere (S&o Paulo 2011) that smsséstantial economic and social
power. Aside from S&o Paulo being the richest andtrmpopulous state in Brazil with circa 44
million residents (IBGE 2012), of the US$ 1.77 liwh Brazilian GDP (IBGE, 2012)
generated by the 26 States and the Federal Djstiig$ 728.6 billion or 43.9% was
contributed by the states of Rio de Janeiro (11.5%J S&o Paulo (32.4%). The socio-
economic significance of the two cities has detagdi large demand for transportation
between Rio de Janeiro and Sao Paulo. It is therefoderstandable why, annually, the



transportation itinerary between these two citeesarved by more than 3 million passenger
trips operated by domestic overland transport md@éeazil 2014a) and circa 7.7 million

passenger journeys operated by domestic air (Ansa2iei3).

While tourism growth in Brazil generates substdré@onomic benefits, it also imposes a
number of negative effects. Greenhouse gas (GHG$sens produced in the result of
increased international and domestic visitor tragebften referred to as one of the most
significant issues associated with tourism (seegk@mple, Peetert al. 2007; Peeters and
Dubois 2010; Scott al.2010). This carbon impact should be minimised tdlifate progress
of the tourism industry in Brazil towards the goakenvironmental sustainability.

Carbon impact appraisal and its mitigation represere of the most rapidly developing
subject areas in tourism research. While a numbstudies have been conducted to evaluate
the contribution of tourism to the global carbootfwint, the geographical scope of analysis
has been limited largely to developed countrieckDsonet al. 2013). To-date, research on
the topic in question as applied within the conte#xtleveloping economies and economies in
transition has been scarce which hinders developwfeeffective carbon impact mitigation
measures that would account for the specificityhef political and socio-economic situation
in these countries (Dillimono and Dickinson 20IH)e need for a pronounced, more in-depth
study stream on carbon footprint of the tourismustdy and its particular elements/sub-
sectors in countries of the Global South has bepeatedly recognised (Memy al. 2016;
Zamanet al.2016).

This study aims to assess the carbon significahpepmular transportation options utilised
by tourists in Brazil. The Rio de Janeiro - S&olBaonnection is employed as a proxy for
carbon footprint appraisal due to the strategie rbplays in inbound and domestic Brazilian
tourism. The ultimate goal of this study is to Hight the most and least carbon efficient
transportation options within the itinerary in ques with a view to inform tourism and
environmental policies in Brazil aiming to faciléamore climate-friendly travel practices. It
is argued that while fuel and energy matrices ada®ytransportation development models
and public transport infrastructures vary from doynto country, an overview of the
transportation connection between these major Baaztities, when properly adopted, may
provide a basis for establishing more carbon-benigansportation choices in other
geographical and socio-cultural contexts, partitylia other BRICS countries.



The paper applies a Life Cycle Assessment (LCApbamethodology of carbon impact
appraisal to estimate the carbon implications siter travel between Rio de Janeiro and S&o
Paulo. It discloses the direct as well as the ediGHG emissions associated with the main
transportation modes, with a view to reveal miigat opportunities and develop
recommendations for policy-making and manageri@rirention. The study is unique in that
it represents the first known attempt to appraiee tarbon significance of tourism
transportation between two major cities in a dewelg country situated in Latin America
where tourism is on the rise. Another unique featir this study is in that it looks into the
use of biofuel and strives to assess the carbouactieth potential of this technology for
different transportation options.

The paper begins with a brief overview of the idiekages between tourism and climate
change; it also highlights the major recent devaepts in the field of carbon footprint
appraisal in tourism. It further introduces the m@ansport connections between the cities of
Rio de Janeiro and Séao Paulo. Subsequently, theleadnalyses the carbon footprint
associated with each transportation option conedlerThe paper concludes with

recommendations for tourism and environmental mamagt and policy-making.

2. TOURISM AND ENVIRONMENTAL SUSTAINABILITY

To-date, environmental impacts have been referrecasd one of the key negative
implications of tourism (Collingt al. 2009; Gdssling 2002), especially in terms of carbon
footprint generation (Gossling 2009; Hamiltat al. 2005). The tourism industry is
responsible for about 5% of the global carbon footpwhere tourism transport holds the
primary contribution (UNWTO 2007). Visitor travelakes a significant input into the high
carbon intensity of tourism (Colliret al.2009) which can be as high as 50-97.5% of the total
GHG emissions attributed to the industry (Goss#0§0). The global carbon share of tourism
is set to grow due to the projected rise in consunemand for travel, especially in
developing countries of Asia and South America {Geioal.2016; UNWTO 2014).

Given the substantial, and yet growing, contributid tourism to global climatic changes,
its urgent mitigation is paramount (UNWTO 2007)fdetive mitigation relies upon accurate
and holistic carbon impact assessments of diffeteatism elements and its particular
products (Becken and Patterson 2006). This topigraslually evolving as an established



object of research scrutiny with seminal contribng made by Becken and Patterson (2006);
Becken and Simmons (2002); Beckeial. (2001); Collinset al. (2009); Filimonauet al.
(2014); Gossling (2000); Gosslirgg al. (2002; 2005); Peeters and Schouten (2006); Peeters
et al. (2007); Schianetet al. (2007). Since tourists are considered the key btalers to
trigger the carbon impacts attributed to the toansdustry, an increasingly larger number of
studies have recently been looking into voluntdrgirges in tourist behaviour as a means to
achieve carbon mitigation (see, for instance, Dis&net al. 2013; Highamet al. 2015). It
has been established that tourists are generadiyame about the carbon ramifications of their
travel choices; furthermore, the public are gemgrahwilling to change their holidaying
patterns and make them more climate-friendly (Cohed Higham 2011; Gosslingt al.
2012; Hareset al. 2010). The application of market-based tools {f@tance, carbon taxes
and charges) has also been reviewed as well ahdase of various technological solutions,
including environment-benign aircraft design, imyed air traffic management and biofuel
use (Groteet al. 2014; McKerchert al. 2010; Peeterst al. 2016). The studies have found
that while these can be effective, they should fiygied with caution due to the substantial
political and financial implications (Kivitet al. 2010; Tol 2007). There is a general
consensus in academic literature that none of bogeacarbon impact mitigation approaches
are likely to succeed in the absence of accuratecamprehensive estimates of the carbon
significance attached to each tourism element &ngbarticular products (Filimonaet al.
2011a; Schianetet al.2007).

To establish the precise magnitude of tourism’sb@arfootprint, reliable assessment
methods are necessary (Schiaredtal. 2007). Recently, substantial progress has been made
in this regard and extensive efforts have beenieghpbd improve the methodological base of
carbon impact appraisal in tourism (Ceretial. 2016). As a result, the quality of existing
methods has been enhanced and a number of new,aahgiaced carbon impact assessment
approaches have evolved, thus enabling more aecarat comprehensive carbon footprint
estimates. The issue of tourism product’s life eydlated GHG emissions has become the
focus in the growing number of studies (see, fatance, Filimonawet al. 2011a; 2011b;
2013; 2014; Schianetet al. 2007) as this assessment approach provides a nodiggich
overview of the carbon significance of the tourisrustry and identifies more opportunities

for mitigation intervention.



The carbon implications of tourism in BRICS couedriare particularly important due to
the continued growth of the industry in questiordeveloping markets. The carbon footprint
attributed to tourism activities in these countr@wuld be diligently assessed to develop
effective carbon abatement measures. This notwitkéng, with a few notable exceptions
(Cheng et al. 2013; Menget al. 2016; Tanget al. 2014), there is no evidence of
comprehensive studies on this topic as reportedoarr-reviewed academic literature,
especially in the context of Brazil. This paper sito plug this knowledge gap by applying a
method of LCA to appraise the carbon implicatioristransport between the key tourist
destinations in Brazil, the cities of Rio de Janeind S&o Paulo. This analysis is paramount
as the Rio de Janeiro - S0 Paulo transportationemtion is an example of a popular visitor
travel itinerary in developing countries. Among Blan States, Sdo Paulo is the main source
of tourists for Rio de Janeiro, representing 14.8%he volume of domestic tourists and
22.2% of the domestic tourism revenue generatetthenstate (Brazil 2014a). Both Rio de
Janeiro and S&o Paulo attract substantial flowsntdrnational tourists which further

underlines the importance of this study.

3. TRANSPORT BETWEEN RIO DE JANEIRO AND SAO PAULO

Air transport, overland inter-city bus and car esant the currently available options for
tourist transportation between Rio de Janeiro &l Faulo. The railway that used to connect
the two cities in the past is currently under depeient. The original plan was to start
operating the new, improved high-speed train serbietween Rio de Janeiro and Sao Paulo
before the 2014 FIFA World Cup and the 2016 Sum@lgmpic Games; however, due to
various reasons, the opening of the service has pestponed until 2020 (Salgado 2014).
Train connection is envisaged to increase tout@vd in both cities which underlines its
strategic importance for tourism development in Zra(Brazil 2014). To ensure
comprehensive analysis, this study looked intotexggransportation options between Rio de
Janeiro and S&o Paulo and also considered thesftrain connection. In total, four different
travel transport modes were reviewed and limitedthmir respective points of origin and

destination (Table 1 and Figure 1).
[Insert Table 1 here]

[Insert Figure 1 here]



Aside from conducting the carbon footprint assesgnté the means of transportation
driven by conventional fuels, this study also perfed an analysis of biofuel. This is because
with the advent of biofuel technology in 1993 ahd advancements in national transportation
regulations in 2002, Brazil had become a globalcherark in the use of biofuels in

transportation whose future growth is predicteddfi@s2014).
3.1 Scope of Analysis

Each transport mode assumed that a S&o Paulo nitddie family, comprising of three
people (two parents and one child), would choodeaieel to Rio de Janeiro over the weekend
with leisure and tourism purposes. There is anroght stay in Rio de Janeiro followed by a

return journey home.

While acknowledging the carbon footprint from tetiraccommodation which, according
to UNWTO (2007) can be significant, it was excludemin analysis. This is due to the focus
of this study on the GHG emissions attributed t@aldourism transportation in Brazil. This is
also because there is evidence showing that, whealing with tourism and leisure purposes
in Brazil, 62.8% domestic tourists prefer stayinghwriends and relatives, while commercial

tourist accommodation accounts for only 25% ofdbmestic travel market (Brazil 2014a).

Another item excluded from analysis was touristvéie@s. This is due to the lack of data
on this element of tourism in Brazil and becaussoeding to UNWTO (2007), tourist
activities make a minor contribution to the totaHG emissions from the industry. It is
acknowledged that more research on the carbonfisgmte of tourist activities would
improve the precision of carbon impact apprais@lsis represents a promising research

avenue which is however beyond the scope of thiyst
Transport Mode 1: Traveling by Car

The Brazilian transport system has traditionallgrbéased on the use of road networks
(FETRANSPOR 2012). The state of Sdo Paulo, for gtayrhas the largest road transport
system in the country and the largest quantity ieditectional roads in Latin America
(Martinset al.2013). It is home to circa 12% of private car regitsons in Brazil (DETRAN-
SP 2013). The 11.8 million residents of Sdo Patdosarved by nearly one car for every two
people; this is much higher than the national ayeréigure, i.e. one vehicle per 4.4
inhabitants (Reis 2014). This has found refleciionhe substantial popularity of car travel
with tourism and leisure purposes in Brazil. It @auts for 44.1% of domestic trips,

10



surpassing bus, at 26.9%, and aircraft, at 17%z{B2@14a). The average occupancy for car
travel in Brazil is 75% and the maximum load faatofour, which also holds true for the trip
between Rio de Janeiro and S&o Paulo examinedsirstiidy. This is based on the national

data from the Brazilian Ministry of Tourism (Brazd014a).

The main advantages of car travel are the speedleqlility. The most important section
of the road connection between Rio de Janeiro @uwdPawulo is the 429 km of the Presidente
Dutra highway (BR-116). It is considered the masportant highway in Brazil, not only
because it links the country’s two major urban eejtbut also because it traverses one of the

country’s most prosperous regions (Santos and igil2®01).

For this transport mode, using a family car of medisize, two fuel options were
considered (Table 1). First, a vehicle powered WBrazilian gasoline”, which has
approximately 25% of biofuel in its composition, sveeviewed. Second, a biofuel vehicle
driven by a fuel of biological origin from non-fakgeedstock, i.e. sugarcane was analysed.
Data from the Brazilian National Association of Aotobile Manufacturers (ANFAVEA
2014) show that, in 2013, of the 3,579,903 Braaziliaensed light vehicles, 88.5% were flex,
using Compressed Natural Gas (CNG) and/or biolehicles powered by diesel fuel current
account for 6.2% of the total car fleet in Brawrihile 5.3% use gasoline. The contribution of
electric vehicles is negligible. It is expectedtthi@e share of private vehicles powered by
biofuel in Brazil will grow in the future (ANFAVEA014).

Soareset al. (2009) look into the carbon mitigation potentiab@sated with the use of
Brazilian sugarcane. When assessing the "pure"ligasdBrazilian gasoline” and ethanol
and using the "pure" gasoline as the base refer&uaret al. (2009) find that "Brazilian
gasoline" generates 19.25% less direct GHG emissibhe use of ethanol brings about a
reduction of 80.2% in direct GHG. This informatianil be used in Section 4.

Transport Mode 2: Traveling by Bus

The trip between the Tieté bus terminal, the larged.atin America, and the Novo Rio
bus terminal (429 km) takes six hours, includingehnical stop for twenty minutes (Google
Maps 2015). It is the most commonly used interstatge in Brazil (2.93% of the national
market) with 1,471,974 direct passengers a year TRAN2013). Indirectly, with an
intermediate stop, it holds 3.24% of the nationarket (1,631,552 passengers). In other
words, annually, between these two cities, trad@ianterstate tour buses alone carry more

11



than three million passengers, or more than 6%heftotal bus passenger market in Brazil
(ANTP 2013). The average occupancy on this rowgeyesl by six Brazilian companies, is
61% (based on the capacity of 46 seats) (ANTT 20AR)peak times and in high tourist
season, the occupancy rates approach 95% (ABRAT1)20

For this transport mode, buses using differentsygfefuel were considered (Table 1). The
first transport mode is based on analysis of thbarafootprint associated with fossil-based
diesel. The second transport mode considers agguwn a bus driven by a mixture of biofuel
and pure diesel. This mixture was introduced byBh&zilian Government through a 2005
law which prescribed that diesel fuel should cantati least 2% of biofuel content (Barroso
and Alves 2008). Four further fuel options were stdared within this item: B7, B10, B20
and B100, each of which represents a percentagedibte of biofuel with pure diesel
(FETRANSPOR 2012). The B7 blend, for example, whechurrently in force in Brazil, has
7% biodiesel content in the fossil-based diesel, mikich yields a 5% reduction in GHG
emissions. The Brazilian fuel B100 is 100% biodidxsesed, according to DELTACGO&
CENA (2013), and is able to reduce the GHG emissioy 70% compared to European
diesel. This blend is currently under trial (Bra2i013), while the B20 blend has been
approved to meet the sustainability commitmentsertadthe Brazilian government for the
2016 Olympic Games in Rio de Janeiro (FETRANSPOR20

Biodiesel is produced in Brazil from a variety @w materials (Brazil 2013). Between
2005 and 2012 the country produced and consumelbillidn liters of biodiesel (Brazil
2013). Biodiesel can reduce emissions of hydrogaboarbon monoxide and particulate
material, but it can lead to a small increase inKNMcCormicket al. 2006). According to
Brazil (2013), the use of the B7 fuel blend in twuntry has brought about an annual
reduction of 7.3 million tons of C#® emissions. When deployed, B10 will representvanga
of 10.4 million tons of C@e per year, a 7.3% reduction on the original ermrssiB20, to be
introduced in 2020, will save about 20.8 milliom$pa 14.5% decrease in GHG (Brazil 2013;
DELTACO, & CENA 2013). Such percentage reductions will bediin Section 4.

Transport Mode 3: Traveling by Air

It is estimated that, annually, there are more th@ million domestic air trips in Brazil
(Brazil 2014a). The air transport mode is servedfibg Brazilian companies that largely
operate Boeing 737, a popular short- to medium-ki&thnce aircraft (Decolar 2015). The

12



occupancy rate used in this study correspondseaoatinual average of the main Brazilian
airlines which, in 2013, for domestic flights, wagual to 79.15% of the 176 seats (ABEAR
2014). The most important route for Brazilian comera flights is known as the "Rio-Sao
Paulo Air Bridge” (Amadeus 2013). This connectiaithw/.7 million passengers per annum is
the third busiest route in the world, behind theu-Beoul route in South Korea (10.16
million), and the Sapporo-Tokyo route in Japan 181llion) (Amadeus 2013). Furthermore,
Séo Paulo is the main gateway for domestic anduntéaourists in Brazil, through the
Guarulhos International Airport, and many tourigisund for Rio de Janeiro make
connections or stopovers in the city. In 2013, 3ion passengers (incoming and outgoing)
went through this airport alone; 23.5 million dotesnd 12.5 million international (GRU
Airport 2014). In 2011, Rio de Janeiro received71Hillion domestic air travel passengers
which is the second largest number in the courftey a0 Paulo. According to IPEA (2013),
increased purchasing power in Brazil has enabledgradual public shift from road
transportation to air travel. This is likely to emisify future air passenger traffic between Rio

de Janeiro and Sao Paulo.

Short-haul flights are more carbon intense tharg lbaul flights when calculated per
passenger km, due to the significant amounts of @Htssions produced during the takeoff
and landing stages of the flight (Filimonatial. 2014). The flying distance between Rio de
Janeiro and S&o Paulo is 357 km (short-haul) anavarage flight between Santos Dumont
airport (SDU) and Congonhas airport (CGH) takesaciB8 minutes. These airports are
smaller airports in central locations, with expansiimited by the city boundaries. It is this
prime location and the passenger traffic in the &oJaneiro - S&o Paulo connection that
make them the chosen points of reference for amsportation in this study. Recently,
passengers have begun using alternative airpo8&anPaulo and Rio de Janeiro, such as Sao
Paulo-Guarulhos International (GRU), Rio de Jan@abedo International (GIG) and
Viracopos-Campinas International (VCP) (FigureAl)hough these airports are more distant,
with attractive pricing options, they are growing popularity (Fariello 2013). Today,
approximately 120 daily flights connect Sdo Pauld Rio de Janeiro through their respective
airports, according to the Brazilian National Cilviation Agency (ANAC 2011); this
represents 5% of the total seats available oncatiastic routes. There are a number of other
airports in both cities; these, however, can ordypdie smaller aircraft and have therefore

been excluded from analysis since they accourtarityr a marginal proportion of passengers.
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In this transport mode, three types of fuel werasodered (Table 1). The first option
would be the traditional aviation fuel, which cantano added biofuel. In Brazil, about 7
billion liters of traditional jet fuel are consumadnually, producing about 17.5 million tons
of GHGs (EPA 2004). In the second option, a mixiifréraditional jet fuel and biofuels was
assessed, yielding an overall reduction of 65%iiectl GHG emissions (Vera e Sile al.
2013). The third option is based on an alternatiead of traditional fuels and biofuels, with
an overall reduction in direct GHG emissions oftap80%. These fuel blends have been
repeatedly tested (ATAG 2014). While aviation belfihave not yet become mainstream in
Brazil, the tests have shown promising resultgs lanticipated that the Brazilian aviation
industry will broaden its use of biofuels in theure as part of its commitment to reduce the
carbon footprint from flying by 50% by 2050 (comedrto the 2005 level) (Brazil 2013).

With the steady growth in the passenger flow betwR® de Janeiro and Sao Paulo, there
Is a need for alternative transportation modes &/ail connection represents a promising
option. The alternative of building more airportelancreasing the aircraft fleet in Brazil is

not physically, economically, geographically or eammentally favourable (Fariello 2013).
Transport Mode 4: Traveling by Train

According to Camacho (1998), the Rio de Janeirac Baulo rail connection is not new as
it had been used for long in the past. For oveumadhed years, there had been a rail link
between the country’s two major cities. However, @ctober 31, 1998, the railway link
between these cities was suspended; the increasepetition from airlines had played an

important role in this decision (Camacho 1998).

At the beginning of the Zicentury, there were negotiations about buildimgwa link, this
time for high-speed trains (HST) connecting RioJdmeiro and S&o Paulo. The idea was
based on a 2004 Sao Paulo state government ptojeocnnect the VCP Airport to the state
capital. The new technical feasibility study on threliminary layout for the HST included
connecting Campinas, Sao Paulo and Rio de Janeiome 518 km line with nine stations
(BNDES 2011).

According to Salgado (2014), the new high-speéedpraject between Rio de Janeiro and
Sao Paulo should have been completed by the begiwfhithe 2014 FIFA World Cup to be in
full operation for the 2016 Olympic and Paralymf@iemmer Games. The deadline was not
met and a new completion date has now been s@0#0. When completed, the project will

14



connect three of the country’s major internaticagborts Galedo (Rio de Janeiro), Guarulhos
(Sao Paulo) and Viracopos (Sao Paulo) via high<pa@vay.

The project assumes that the 430 km route betweenédntral zone of Rio de Janeiro, and
the northern zone of Sao Paulo, will be coveredpproximately 93 minutes, depending on
interim stops. It is expected that trains will bgetated at speeds of up to 350 km/h and
handles an annual flow of 30 million passengergqriges stipulated to be competitive with
air transport (ANTT 2014).

For this transport mode, the occupancy rate andahgon intensity values reflect those for
the Eurostar international trains of the Europeatwork (DEFRA 2010). These data were
employed due to the lack of country-specific and/atin American data which is a limitation
of this study. This is because the Eurostar traortssume energy that is mainly produced by
nuclear power. According to the International Eyefgency (IEA 2014), during 2012, the
French energy matrix obtained 43.3% of its energgnfnuclear sources and only 8.8% came
from renewable sources. In contrast, Brazil obthioaly 1.5% of its energy from nuclear
sources and 41.3% from renewable sources (IEA 200#¥ notwithstanding, the Eurostar
data are deemed more suitable for the Braziliartesbrgiven they are less reliant on fossil

fuel.

4. CARBON FOOTPRINT APPRAISAL METHOD

The study has chosen to apply a modified Life Cystsessment (LCA) method for
carbon footprint appraisal of various travel tramspnodes between Rio de Janeiro and S&o
Paulo. LCA has been repeatedly recognised as on#eofmost advanced methods for
environmental impact assessment; it has been lyreadabloyed in the different contexts and
recently introduced to tourism (Filimonaa al. 2011a; Michailidouwet al. 2016; Schianetet
al. 2007). The key advantage of LCA is in that it oees a ‘totality’ of environmental
impacts that arise at various stages of a prodlie®'ycle, starting with extraction of raw
materials and finishing with product disposal (Ehisnecht and Rebitzer 2005). In other
words, LCA has the capability to account for th@iemmental impacts that are defined as
‘direct’ (i.e. those arising from product use) dimdlirect’ (i.e. those attributed to the non-use
phases of a product’s life cycle) (Berners-le¢@l.2011; also see Filimonaat al.2013 for a

detailed overview of the ‘direct’ and ‘indirect’ deon footprint as generated by various
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tourism products There is growing evidence demonstrating thatitigirect’ environmental
impacts can be substantial and, in some cases,ctieyeven surpass the magnitude of the
‘direct’ environmental effects which underlines ihgortance of their thorough investigation
(Chwieduk 2003). All this contributes to the truenmgrehensiveness and accuracy of the
LCA method which positively differentiates it fromlternatives and determines a steady
growth of its applications in a number of disciglinand subject areas, including tourism (De
Camilliset al.2010).

Despite the comprehensiveness of analysis, the L@éthod has a number of
shortcomings that hamper its broader adoption ey gbctor. Substantial costs of LCA
datasets and their irregular updates are argubblkey drawbacks of the method (Filimonau
et al.2014; Schianetet al.2007). To partially address the shortcomings of L&3Aapplied in
the tourism sector, Filimonaet al. (2014) proposed to merge the traditional LCA method
with the GHG emissions assessment tool developedtdmorate reporting by the UK’s
Department for Environment, Food and Rural Affairs (DEFRA)
(https://www.gov.uk/government/collections/govermmneonversion-factors-for-company-
reporting#conversion-factors-2016). The latter taolfree to use and undergoes regular
updating. The new, combined method would capitaligen the ability of LCA to provide
estimates of the ‘indirect’ GHG emissions with ttepacity of the DEFRA’s approach to
generate more current assessments of the ‘diradioa footprint. A detailed overview of the
potential offered by a new method is beyond thepscof this study but can be found in
Filimonau et al. (2013; 2014). The hybrid, LCA-DEFRA method is deente represent a
better suited tool for analysis in this study. Véhil is not flawless, it is arguably the most
comprehensive and accurate tool for carbon impagrassal currently available in the

tourism field which determines its application lnststudy.

To assess the carbon footprint for the differesmdport modes between Rio de Janeiro and
Sé&o Paulo, the carbon intensity coefficients wawd tlerived. The Ecoinvent database and
the GaBi LCA software were employed to derive tagon footprint coefficients to calculate
the ‘indirect’ GHG emissions attributed to the t¢apassets and transportation infrastructure
while the DEFRA’s GHG emission factors were utifige estimate the ‘direct’ and ‘indirect’
carbon footprint as produced by various types ahgportation fuels (Table 2). GaBi is
popular commercial LCA software (GaBi, 2016). It@ays a range of tailor-made life-cycle

databases to estimate the magnitude of environménfzacts attached to products and
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services, where the Ecoinvent database representsey informant. The Ecoinvent database
Is a major life-cycle inventory which has for a loreged period of time been applied in LCA
analysis. To enhance the quality of analysis, th& drom the Ecoinvent database can be
supplemented with more precise, country-specifaris, retrieved from national inventories

and previous studies, subject to their availab{liisischknecht and Rebitzer 2005).
[Insert Table 2 here]

Literature suggests that, due to high heterogeméitgurism products, it is often difficult
to derive an appropriate functional unit for thelustry’s carbon impact appraisal studies
(Filimonauet al.2011a). For this particular project, a functionaitwas defined as ‘a return
weekend journey between Rio de Janeiro and Sam Paadle by one traveller with tourism
and leisure purposes’. The choice of such a broadtibnal unit was deliberate as it enables
integration of other tourism elements (for examplecommodation and activities) that have
been excluded in this study but whose analysisaisned in future work on this project. The
carbon footprint was recorded in kilograms of carldioxide equivalent (kg C®@). This is
the official unit of carbon footprint estimates@escribed by the Intergovernmental Panel on
Climate Change (IPCC 2007).

5. RESULTS AND DISCUSSION

The study shows that among the four transport mamessidered with variations in
different types of fuel, the most carbon-benigthes use of bus driven by B100 biofuel (Table
3 and Figure 2). This is in line with literatureding that overland modes of transport make
the lowest input into global climatic changes (deejnstance, Filimonaet al. 2014; Peeters
et al. 2007). The key disadvantage of this transport msdke travel time which equates to
six hours (one way). The second most carbon effidimnsport mode is the high speed train
(HST) whose GHG emissions are two-fold comparethéocarbon footprint associated with
B100 buses but, concurrently, significantly lowleart the GHG emissions attributed to other
transport modes. Again, this is in line with litene reporting on carbon impact appraisal
studies of railway transportation as conducted timeio geographical contexts (Barrett and
Scott 2003; Sovacool and Brown 2010). In this asialyt is worth considering that comfort
and time will be relevant to the passengers’ traleglisions. The HST transport mode is more
preferred in this case due to relatively shorteétaime, i.e. 1.5 hours. Despite clear carbon
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benefits demonstrated by the B100 bus transportemibeése can be negated by long travel
times which also imply less time available to tetgito spend at a destination.

[Insert Table 3 here]
[Insert Figure 2 here]

Transport Mode “3a” (kerosene-driven flights) is shaarbon intense which mirrors
evidence reported elsewhere and outlines a primaitigation opportunity (Peeters and
Dubois 2010; Peetemt al. 2007). Importantly, biofuel driven flights are falimo generate
less GHG emissions than cars powered by the coivahtfuel. This is an important finding
signifying the crucial role of biofuel technologg reducing the carbon intensity of local
visitor travel in Brazil. This demonstrates thdttednsport modes used in Transport Modes 2
(inter-city bus) and 4 (HST) should be politicafiyeferred over Transport Modes “1a” (car
driven by conventional gasoline) and “3a” (kerosdngen flights) which have higher rates
of energy intensity and GHG emissions. These latter transport modes, when analysed
from the perspective of biofuels, become more aafienign and yet the carbon savings

associated with the use of the bus, with or withmatuel, or HST are more pronounced.

From the carbon footprint standpoint, the use afdigisel is beneficial and broader
application of this technology in Brazil should bacouraged. More in-depth analysis is
however required to assess the viability of biofust in a country as there are a number of
further, non-carbon related “indirect” issues Atited to its application, such as
environmental (for example, land use changes);asqfor instance, poverty and labour
costs); and economic (for example, independenderefgn markets) (Almeidat al. 2007;
Martinelli and Filoso 2008). While these are outsile scope of this study, it is argued that
careful analysis is required to inform decision-ingk on whether or not to adopt

transportation biofuels more broadly in Brazil.

The study indicates that, in 2020, when HST wild&ecome operational, this mode of
transport must be stimulated since it representsna@e carbon effective means of
transportation. This is particularly important aere is growing evidence demonstrating that
HST can successfully compete with air transporsloort-haul distance (Martiet al. 2014).
Moreover, the Eurostar experience demonstratesttaiat journeys can be comfortable as
well as cost and time efficient; these factors ¢herefore attract increased passenger
numbers, also within city boundaries (Hickm@inal. 2010). The accessibility potential (i.e.
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its ability to avoid road traffic) offered by HS® manother factor which can be capitalised
upon when promoting railway transportation betwRémde Janeiro and S&o Paulo. It may be
particularly appealing for business and family &lavs for who the time and convenience

considerations are of prime importance (@aal.2013).

Bus, despite being the most climate friendly optioas the longest travel time and offers
limited comfort. To enhance its appeal, measuresuldhbe undertaken to tackle these
challenges. This can be achieved, for example,frda Wi-Fi and installation of power
sockets alongside contemporary entertainment sgstemboard. Interestingly, the carbon
impact appraisal results for Transport Mode “lar(driven by conventional gasoline) are
similar to Transport Mode “3a” (kerosene-drivemglfiis) which shows that long car journeys
should be discouraged due to the large volumesHt @missions they produce. These are
disproportionally high given the low occupancy oifvate cars compared to aircrafts. Hence,
tourists concerned about the carbon footprint aekisg to reduce it should therefore strive
for replacement of car journeys with bus or traulmgn it becomes available). To enable this
modal shift, appropriate incentives should be iticed, both on the supply and demand side.

Cost is another factor which impacts tourist decignaking (Table 3). It varies greatly
from one transportation mode to another and ite sblould therefore be more diligently
examined in a separate study aiming to better stalel the factors contributing to local
travel decision-making in Brazil. Future work shbeimploy eco-efficiency analysis as a tool

to link the carbon impacts of tourists to theirsph¢Sun and Pratt 2014).

When analysing the ‘indirect’ GHG emissions, thedgt shows that air travel based on
biofuel is the largest contributor of the ‘indirecarbon footprint which amounts to 55.5% of
the total carbon significance attributed to thisame of transportation (Figure 2). The bus
powered by diesel fuel has the lowest ‘indirect'igsions (11.6% of the total), which is in
line with literature (Filimonatet al. 2014; Schafer and Victor 1999). This is an impdrtan
finding for engineers responsible for conductinghtacal feasibility studies and justifying the
choice of more carbon efficient transport modes.tilUnow, the use of biofuels has
traditionally been considered the most benefidiais is primarily due to the lack of methods
capable of accounting for the ’indirectt GHG emiss. The hybrid LCA-based method
applied in this study reveals the importance of ‘theirect’ carbon footprint and underlines

the necessity of taking it into account when depiglg new transportation planning
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proposals. Yet, the ‘indirect’ emissions revealedhis paper are rather approximate as they
do not take into account the increased carbon fodtgssociated with radiative forcing

effect, enlarged NOx generation and land use clga(@eéssling and Peeters 2007).

For comparison purposes, the Brazilian GHG emissiotaled 1,488 mt C@ in 2012
(IMAFLORA 2014). Considering the population estimaif 198.7 million people (IBGE
2012), each Brazilian resident would generate arame of 7,488 kg C@ per annum or
20.51 kg CQe per day. This number corresponds to the carltensity of a return leisure- or
tourism-related journey ‘Sao Paulo-Rio de Janeimo’a high speed train, one of the most

carbon-benign means of transportation betweenithetties.

6. CONCLUSIONS

The literature on tourism’s carbon impacts indisatieat tourist transport is the largest
contributor to the industry’'s GHG emissions. Tedbgyg is envisaged to play an increasingly
important role in the mitigation of the carbon foant attributed to tourism- and leisure-
related travel. Within various technological saduas, biofuel is often considered a viable tool

to tackle this issue.

To effectively mitigate the carbon impacts fromrisutransport, accurate assessments of
its GHG emissions are necessary. These shouldd@&aiot only the ’direct’, or operational,
but also the ’indirect’, or non-operational, lifgate related, footprint. The inclusion of both
'direct’ and ’indirect’ GHG emissions provides a racholistic outlook, thus enabling better
understanding of the areas in which carbon mitigatintervention is required. Research
which has set out to tackle this challenge is gatee and should be reinforced. Furthermore,
the geographical scope of application covered lstieg studies is narrow due to its focus on
developed economies and should be extended, dartictowards developing countries and

emerging markets where tourism is on the rise.

This study extended the scope of the LCA applicatiotourism from Europe, Australia
and North America to Brazil, a growing BRICS markatl an emerging tourist destination in
Latin America. The case of local transportationssn the cities of Rio de Janeiro and Sao
Paulo, the busiest Brazilian transportation artesys considered in order to identify the most
carbon efficient transportation options. The resuidicated that air and road transportation
(by car) are the transport modes with the largadian footprint while bus and train represent
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the least carbon intense means of transportatiols. &d train travel should therefore be
encouraged by local decision-makers, particulandynfthe standpoint of reducing the travel

times and increasing passenger comfort.

The outcome of this study can be used by Brazdiecision-makers as a basis for policy
intervention designed to facilitate more carbonipermodes of tourism- and leisure-related
transportation within the country. It can also liesdminated to local tour operators and travel
agents who could make this information availabletaarists. Given the evidence that
environmental awareness of tourists is growing,rdsellts of this study may appeal to those
tourists who take account of the carbon impactoaated with their travel choices.
Scientifically grounded information on the carbaotprint attributed to different transport
mode should be made available to tourists, andistmurand hospitality providers at a
destination may consider offering discounts to ¢haisitors who have opted for more carbon

efficient transportation options to reach a desioma

Given the important role played by biofuel techmgylan mitigating the carbon impacts
from transportation, Brazilian decision-makers dtidacilitate its more rapid adoption. To
this end, market-based instruments can be utiliBed.instance, financial incentives can be
given to the public purchasing biofuel-driven camsncurrently, higher taxes can be assigned
to the most carbon intense vehicles. As train s one of the carbon efficient means of
transportation between Rio de Janeiro and S&o Paslwuld be made operational as soon as
possible while its use should be encouraged. Sigdss@hn be provided to HST operators to
maintain cheaper fares and enhance its competasgerwith airlines. If the above is
unfeasible, given significant reductions in thebcear footprint from flying demonstrated by
biofuel technology, the airlines that use the bteatibiofuel in their aircraft should be given

tax incentives.

In addition to the reduction of the carbon footprirom national transportation, biofuel
may play an important role in socio-economic depeient of Brazil. Brazil has strong
agricultural traditions; this implies it has an opjinity to become a leading supplier of raw
materials and technology for non-fossil fuels, sabjto careful considerations given to the
socio-cultural and economic implications of thishieology. More intense biofuel production

in Brazil will minimise the dependence of the cayrdn external fossil fuel supply.
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Lastly, this study shows that the ‘indirect’ carbdootprint from transportation is
significant and should not therefore be excludadnfranalysis. This suggests that policy-
making interventions designed to mitigate the carbignificance of tourism should not only
seek to reduce the ‘direct’, or operational, impadiut should also concentrate on the
‘indirect’, non-operational effects. This does moily apply to carbon impact assessment of
local transportation in Brazil, but also holds tifioe any developed or developing country,
especially for other BRICS states, where tourismg@meral and the local transportation

market in particular are growing.
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Abstract

Tourism transportation contributes substantially ttee global carbon footprint. This
contribution is predicted to enlarge, especially‘emerging’ tourism markets, and hence
urgent carbon mitigation is necessary. Effectivéigation is determined by reliable carbon
footprint assessments whose number is howeverddnparticularly for developing countries
with growing tourism. This study applied the lifgcte assessment (LCA) based method to
appraise the carbon significance of various trarispodes between Rio de Janeiro and Séo
Paulo, the key itinerary for travel with leisuredatourism purposes by local residents and
overseas visitors in Brazil. Given the envisagesk rin biofuel use in the Brazilian
transportation sector, this study is unique in ih&valuated the carbon reduction potential
offered by biofuel. The study demonstrated thatlawel public transport represents the most
carbon-efficient mode of local transportation.utther highlighted the crucial role of biofuel
in minimising the carbon intensity of transportatibetween Rio de Janeiro and Sao Paulo.
Policy-making and managerial recommendations watdgoward to facilitate more climate-

benign local transportation practices.
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Highlights:

We apply a life cycle assessment (LCA) based meth@stimate the carbon footprint

of local visitor transport in Brazil

We account for the mitigation potential offeredtbgfuel

We find overland transport to be most climate-benig

We demonstrate substantial carbon savings achmaeapplication of biofuel
Managerial and policy-making recommendations talifate more carbon efficient

local transport practices in Brazil are devised
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1. INTRODUCTION

Brazil, alongside South Africa, China, India andsRBa, is part of the BRICS group
countries. These are known as large emerging ngr&isb in terms of domestic, inbound and
outbound tourism (United Nations World Tourism Qmngation — UNWTO 2011). For
instance, circa 5.8 million international touristials were registered for Brazil in 2013
while in 2014 this number grew to 6.4 million (UNWT2014). The substantial recent
increase in Brazilian tourism is primarily attriedtto the hosting of the 2014 FIFA World
Cup (Brazil 2015; EFE 2014). Given that Brazil withst the Olympic and Paralympic Games
in 2016, it is estimated that, in subsequent ydhaesnational tourism industry will attract at
least another million of inbound and a similar nembf domestic tourists per year (Gaier
2014).

While inbound tourism in Brazil, especially as faated by recent mega sports events, is
growing, the geographical distribution of interoatl arrivals within the country remains
unequal. The cities of Rio de Janeiro and Sao Pagdeesent the mainstay of international
tourist demand (Brazil 2014a; Ministério do Turisi2013). For instance, among the
estimated 6.4 million international tourists reee\by the country in 2014, circa 1.6 million
entered the country via Rio de Janeiro and fur@i2million - via Sdo Paulo, thus accounting
for about 59% of the total number of internatiotmalrist arrivals to Brazil (Brazil 2015). It is
not unusual for many tourists to then travel betwenese two cities as they represent the key
tourist destinations in the country (Brazil 2014B)e Rio de Janeiro - Sdo Paulo connection
therefore represents the most important transpantatrtery in Brazil from the standpoint of

inbound tourism.

The Rio de Janeiro - Sao Paulo transportation adiomeis also crucial in terms of
domestic tourism. This is because Rio de JaneidS#Eo Paulo are among the largest cities in
the southern hemisphere (S&o Paulo 2011) that ssséstantial economic and social
power. Aside from Sao Paulo being the richest andtmpopulous state in Brazil with circa 44
million residents (IBGE 2012), of the US$ 1.77 liwh Brazilian GDP (IBGE, 2012)
generated by the 26 States and the Federal Djstig$ 728.6 billion or 43.9% was
contributed by the states of Rio de Janeiro (11.5%J S&o Paulo (32.4%). The socio-
economic significance of the two cities has detaedi large demand for transportation
between Rio de Janeiro and Sao Paulo. It is therefoderstandable why, annually, the
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transportation itinerary between these two citeesarved by more than 3 million passenger
trips operated by domestic overland transport md@éeazil 2014a) and circa 7.7 million

passenger journeys operated by domestic air (Ansa2iei3).

While tourism growth in Brazil generates substdré@onomic benefits, it also imposes a
number of negative effects. Greenhouse gas (GHG$sens produced in the result of
increased international and domestic visitor tragebften referred to as one of the most
significant issues associated with tourism (seegk@mple, Peetert al. 2007; Peeters and
Dubois 2010; Scott al.2010). This carbon impact should be minimised tdlifate progress
of the tourism industry in Brazil towards the goakenvironmental sustainability.

Carbon impact appraisal and its mitigation represere of the most rapidly developing
subject areas in tourism research. While a numbstudies have been conducted to evaluate
the contribution of tourism to the global carbootfwint, the geographical scope of analysis
has been limited largely to developed countrieckDsonet al. 2013). To-date, research on
the topic in question as applied within the conte#xtleveloping economies and economies in
transition has been scarce which hinders developwfeeffective carbon impact mitigation
measures that would account for the specificityhef political and socio-economic situation
in these countries (Dillimono and Dickinson 20IH)e need for a pronounced, more in-depth
study stream on carbon footprint of the tourismustdy and its particular elements/sub-
sectors in countries of the Global South has bepeatedly recognised (Memy al. 2016;
Zamanet al.2016).

This study aims to assess the carbon significahpepmular transportation options utilised
by tourists in Brazil. The Rio de Janeiro - S&olBaonnection is employed as a proxy for
carbon footprint appraisal due to the strategie rbplays in inbound and domestic Brazilian
tourism. The ultimate goal of this study is to Hight the most and least carbon efficient
transportation options within the itinerary in ques with a view to inform tourism and
environmental policies in Brazil aiming to faciléamore climate-friendly travel practices. It
is argued that while fuel and energy matrices ada®ytransportation development models
and public transport infrastructures vary from doynto country, an overview of the
transportation connection between these major Baaztities, when properly adopted, may
provide a basis for establishing more carbon-benigansportation choices in other
geographical and socio-cultural contexts, partitylia other BRICS countries.
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The paper applies a Life Cycle Assessment (LCApbamethodology of carbon impact
appraisal to estimate the carbon implications siter travel between Rio de Janeiro and S&o
Paulo. It discloses the direct as well as the ediGHG emissions associated with the main
transportation modes, with a view to reveal miigat opportunities and develop
recommendations for policy-making and manageri@rirention. The study is unique in that
it represents the first known attempt to appraiee tarbon significance of tourism
transportation between two major cities in a dewelg country situated in Latin America
where tourism is on the rise. Another unique featir this study is in that it looks into the
use of biofuel and strives to assess the carbouactieth potential of this technology for
different transportation options.

The paper begins with a brief overview of the idiekages between tourism and climate
change; it also highlights the major recent devaepts in the field of carbon footprint
appraisal in tourism. It further introduces the m@ansport connections between the cities of
Rio de Janeiro and Sédo Paulo. Subsequently, theleadnalyses the carbon footprint
associated with each transportation option conedlerThe paper concludes with

recommendations for tourism and environmental mamagt and policy-making.

2. TOURISM AND ENVIRONMENTAL SUSTAINABILITY

To-date, environmental impacts have been referredas one of the key negative
implications of tourism (Collingt al. 2009; Gdssling 2002), especially in terms of carbon
footprint generation (Gossling 2009; Hamiltat al. 2005). The tourism industry is
responsible for about 5% of the global carbon footpwhere tourism transport holds the
primary contribution (UNWTO 2007). Visitor travelakes a significant input into the high
carbon intensity of tourism (Colliret al.2009) which can be as high as 50-97.5% of the total
GHG emissions attributed to the industry (Goss#0§0). The global carbon share of tourism
is set to grow due to the projected rise in consunemand for travel, especially in
developing countries of Asia and South America {Geioal.2016; UNWTO 2014).

Given the substantial, and yet growing, contributid tourism to global climatic changes,
its urgent mitigation is paramount (UNWTO 2007)fdetive mitigation relies upon accurate
and holistic carbon impact assessments of diffeteatism elements and its particular
products (Becken and Patterson 2006). This topigraslually evolving as an established
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object of research scrutiny with seminal contribng made by Becken and Patterson (2006);
Becken and Simmons (2002); Beckeial. (2001); Collinset al. (2009); Filimonauet al.
(2014); Gossling (2000); Gosslirgg al. (2002; 2005); Peeters and Schouten (2006); Peeters
et al. (2007); Schianetet al. (2007). Since tourists are considered the key btalers to
trigger the carbon impacts attributed to the toansdustry, an increasingly larger number of
studies have recently been looking into voluntdrgirges in tourist behaviour as a means to
achieve carbon mitigation (see, for instance, Dis&net al. 2013; Highamet al. 2015). It
has been established that tourists are generadiyame about the carbon ramifications of their
travel choices; furthermore, the public are gemgrahwilling to change their holidaying
patterns and make them more climate-friendly (Cohed Higham 2011; Gosslingt al.
2012; Hareset al. 2010). The application of market-based tools {f@tance, carbon taxes
and charges) has also been reviewed as well ahdase of various technological solutions,
including environment-benign aircraft design, imyed air traffic management and biofuel
use (Groteet al. 2014; McKerchert al. 2010; Peeterst al. 2016). The studies have found
that while these can be effective, they should fiygied with caution due to the substantial
political and financial implications (Kivitet al. 2010; Tol 2007). There is a general
consensus in academic literature that none of bogeacarbon impact mitigation approaches
are likely to succeed in the absence of accuratecamprehensive estimates of the carbon
significance attached to each tourism element &ngbarticular products (Filimonaet al.
2011a; Schianetet al.2007).

To establish the precise magnitude of tourism’sb@arfootprint, reliable assessment
methods are necessary (Schiaredtal. 2007). Recently, substantial progress has been made
in this regard and extensive efforts have beenieghpbd improve the methodological base of
carbon impact appraisal in tourism (Ceretial. 2016). As a result, the quality of existing
methods has been enhanced and a number of new,aahgiaced carbon impact assessment
approaches have evolved, thus enabling more aecarat comprehensive carbon footprint
estimates. The issue of tourism product’s life eydlated GHG emissions has become the
focus in the growing number of studies (see, fatance, Filimonawet al. 2011a; 2011b;
2013; 2014; Schianetet al. 2007) as this assessment approach provides a nodiggich
overview of the carbon significance of the tourisrustry and identifies more opportunities

for mitigation intervention.
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The carbon implications of tourism in BRICS couedriare particularly important due to
the continued growth of the industry in questiordeveloping markets. The carbon footprint
attributed to tourism activities in these countr@wuld be diligently assessed to develop
effective carbon abatement measures. This notwitkéng, with a few notable exceptions
(Cheng et al. 2013; Menget al. 2016; Tanget al. 2014), there is no evidence of
comprehensive studies on this topic as reportedoarr-reviewed academic literature,
especially in the context of Brazil. This paper sito plug this knowledge gap by applying a
method of LCA to appraise the carbon implicatioristransport between the key tourist
destinations in Brazil, the cities of Rio de Janeind S&o Paulo. This analysis is paramount
as the Rio de Janeiro - S0 Paulo transportationemtion is an example of a popular visitor
travel itinerary in developing countries. Among Blan States, Sdo Paulo is the main source
of tourists for Rio de Janeiro, representing 14.8%he volume of domestic tourists and
22.2% of the domestic tourism revenue generatetthenstate (Brazil 2014a). Both Rio de
Janeiro and S&o Paulo attract substantial flowsntdrnational tourists which further

underlines the importance of this study.

3. TRANSPORT BETWEEN RIO DE JANEIRO AND SAO PAULO

Air transport, overland inter-city bus and car esant the currently available options for
tourist transportation between Rio de Janeiro &l Faulo. The railway that used to connect
the two cities in the past is currently under depeient. The original plan was to start
operating the new, improved high-speed train serbietween Rio de Janeiro and Sao Paulo
before the 2014 FIFA World Cup and the 2016 Sum@lgmpic Games; however, due to
various reasons, the opening of the service has pestponed until 2020 (Salgado 2014).
Train connection is envisaged to increase tout@vd in both cities which underlines its
strategic importance for tourism development in Zdra(Brazil 2014). To ensure
comprehensive analysis, this study looked intotexggransportation options between Rio de
Janeiro and S&o Paulo and also considered thesftrain connection. In total, four different
travel transport modes were reviewed and limitedthmir respective points of origin and

destination (Table 1 and Figure 1).
[Insert Table 1 here]

[Insert Figure 1 here]
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Aside from conducting the carbon footprint assesgnté the means of transportation
driven by conventional fuels, this study also perfed an analysis of biofuel. This is because
with the advent of biofuel technology in 1993 ahd advancements in national transportation
regulations in 2002, Brazil had become a globalcherark in the use of biofuels in

transportation whose future growth is predicteddfi@s2014).
3.1 Scope of Analysis

Each transport mode assumed that a Sdo Paulo nutddie family, comprising of three
people (two parents and one child), would choodeaieel to Rio de Janeiro over the weekend
with leisure and tourism purposes. There is anroght stay in Rio de Janeiro followed by a

return journey home.

While acknowledging the carbon footprint from tetiraccommodation which, according
to UNWTO (2007) can be significant, it was excludemin analysis. This is due to the focus
of this study on the GHG emissions attributed t@mldourism transportation in Brazil. This is
also because there is evidence showing that, whealing with tourism and leisure purposes
in Brazil, 62.8% domestic tourists prefer stayinghwriends and relatives, while commercial

tourist accommodation accounts for only 25% ofdbmestic travel market (Brazil 2014a).

Another item excluded from analysis was touristvéie@s. This is due to the lack of data
on this element of tourism in Brazil and becaussoeding to UNWTO (2007), tourist
activities make a minor contribution to the totaHG emissions from the industry. It is
acknowledged that more research on the carbonfisgmte of tourist activities would
improve the precision of carbon impact apprais@lsis represents a promising research

avenue which is however beyond the scope of thidyst
Transport Mode 1: Traveling by Car

The Brazilian transport system has traditionallgrbéased on the use of road networks
(FETRANSPOR 2012). The state of Sdo Paulo, for gtarhas the largest road transport
system in the country and the largest quantity ieditectional roads in Latin America
(Martinset al.2013). It is home to circa 12% of private car regitsons in Brazil (DETRAN-
SP 2013). The 11.8 million residents of Sdo Patdosarved by nearly one car for every two
people; this is much higher than the national ayeréigure, i.e. one vehicle per 4.4
inhabitants (Reis 2014). This has found refleciionhe substantial popularity of car travel
with tourism and leisure purposes in Brazil. It @auts for 44.1% of domestic trips,
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surpassing bus, at 26.9%, and aircraft, at 17%z{B2@14a). The average occupancy for car
travel in Brazil is 75% and the maximum load faatofour, which also holds true for the trip
between Rio de Janeiro and S&o Paulo examinedsirstiidy. This is based on the national

data from the Brazilian Ministry of Tourism (Brazd014a).

The main advantages of car travel are the speedleqlility. The most important section
of the road connection between Rio de Janeiro @uwdPawulo is the 429 km of the Presidente
Dutra highway (BR-116). It is considered the masportant highway in Brazil, not only
because it links the country’s two major urban eejtbut also because it traverses one of the

country’s most prosperous regions (Santos and igil2®01).

For this transport mode, using a family car of medisize, two fuel options were
considered (Table 1). First, a vehicle powered WBrazilian gasoline”, which has
approximately 25% of biofuel in its composition, sveeviewed. Second, a biofuel vehicle
driven by a fuel of biological origin from non-fakgeedstock, i.e. sugarcane was analysed.
Data from the Brazilian National Association of Aotobile Manufacturers (ANFAVEA
2014) show that, in 2013, of the 3,579,903 Braaziliaensed light vehicles, 88.5% were flex,
using Compressed Natural Gas (CNG) and/or biolehicles powered by diesel fuel current
account for 6.2% of the total car fleet in Brawrihile 5.3% use gasoline. The contribution of
electric vehicles is negligible. It is expectedtthi@e share of private vehicles powered by
biofuel in Brazil will grow in the future (ANFAVEA014).

Soareset al. (2009) look into the carbon mitigation potentiab@sated with the use of
Brazilian sugarcane. When assessing the "pure"ligasdBrazilian gasoline” and ethanol
and using the "pure" gasoline as the base refer&uaret al. (2009) find that "Brazilian
gasoline" generates 19.25% less direct GHG emissibhe use of ethanol brings about a
reduction of 80.2% in direct GHG. This informatiail be used in Section 4.

Transport Mode 2: Traveling by Bus

The trip between the Tieté bus terminal, the larged.atin America, and the Novo Rio
bus terminal (429 km) takes six hours, includingehnical stop for twenty minutes (Google
Maps 2015). It is the most commonly used interstatge in Brazil (2.93% of the national
market) with 1,471,974 direct passengers a year TRAN2013). Indirectly, with an
intermediate stop, it holds 3.24% of the nationarket (1,631,552 passengers). In other
words, annually, between these two cities, trad@ianterstate tour buses alone carry more
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than three million passengers, or more than 6%heftotal bus passenger market in Brazil
(ANTP 2013). The average occupancy on this rowgeyesl by six Brazilian companies, is
61% (based on the capacity of 46 seats) (ANTT 20AR)peak times and in high tourist
season, the occupancy rates approach 95% (ABRAT1)20

For this transport mode, buses using differentsygfefuel were considered (Table 1). The
first transport mode is based on analysis of thbarafootprint associated with fossil-based
diesel. The second transport mode considers aggwn a bus driven by a mixture of biofuel
and pure diesel. This mixture was introduced byBh&zilian Government through a 2005
law which prescribed that diesel fuel should cantati least 2% of biofuel content (Barroso
and Alves 2008). Four further fuel options were stdared within this item: B7, B10, B20
and B100, each of which represents a percentagadibtp of biofuel with pure diesel
(FETRANSPOR 2012). The B7 blend, for example, whechurrently in force in Brazil, has
7% biodiesel content in the fossil-based diesel, mikich yields a 5% reduction in GHG
emissions. The Brazilian fuel B100 is 100% biodidxsesed, according to DELTACGO&
CENA (2013), and is able to reduce the GHG emissioy 70% compared to European
diesel. This blend is currently under trial (Bra2i013), while the B20 blend has been
approved to meet the sustainability commitmentsertadthe Brazilian government for the
2016 Olympic Games in Rio de Janeiro (FETRANSPOR20

Biodiesel is produced in Brazil from a variety @w materials (Brazil 2013). Between
2005 and 2012 the country produced and consumelbillidn liters of biodiesel (Brazil
2013). Biodiesel can reduce emissions of hydrogaboarbon monoxide and particulate
material, but it can lead to a small increase inKNMcCormicket al. 2006). According to
Brazil (2013), the use of the B7 fuel blend in twuntry has brought about an annual
reduction of 7.3 million tons of C#® emissions. When deployed, B10 will representvanga
of 10.4 million tons of C@e per year, a 7.3% reduction on the original ermrssiB20, to be
introduced in 2020, will save about 20.8 milliom$pa 14.5% decrease in GHG (Brazil 2013;
DELTACO, & CENA 2013). Such percentage reductions will bediin Section 4.

Transport Mode 3: Traveling by Air

It is estimated that, annually, there are more th@ million domestic air trips in Brazil
(Brazil 2014a). The air transport mode is servedfibg Brazilian companies that largely
operate Boeing 737, a popular short- to medium-ki&thnce aircraft (Decolar 2015). The
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occupancy rate used in this study correspondseaoatinual average of the main Brazilian
airlines which, in 2013, for domestic flights, wagual to 79.15% of the 176 seats (ABEAR
2014). The most important route for Brazilian comera flights is known as the "Rio-Sao
Paulo Air Bridge” (Amadeus 2013). This connectiaithw/.7 million passengers per annum is
the third busiest route in the world, behind theu-Beoul route in South Korea (10.16
million), and the Sapporo-Tokyo route in Japan 181llion) (Amadeus 2013). Furthermore,
Séo Paulo is the main gateway for domestic anduntéaourists in Brazil, through the
Guarulhos International Airport, and many tourigisund for Rio de Janeiro make
connections or stopovers in the city. In 2013, 3ion passengers (incoming and outgoing)
went through this airport alone; 23.5 million dotesnd 12.5 million international (GRU
Airport 2014). In 2011, Rio de Janeiro received71Hillion domestic air travel passengers
which is the second largest number in the courftey a0 Paulo. According to IPEA (2013),
increased purchasing power in Brazil has enabledgradual public shift from road
transportation to air travel. This is likely to emisify future air passenger traffic between Rio

de Janeiro and Sao Paulo.

Short-haul flights are more carbon intense tharg lbaul flights when calculated per
passenger km, due to the significant amounts of @Htssions produced during the takeoff
and landing stages of the flight (Filimonatial. 2014). The flying distance between Rio de
Janeiro and S&o Paulo is 357 km (short-haul) anavarage flight between Santos Dumont
airport (SDU) and Congonhas airport (CGH) takesaciB8 minutes. These airports are
smaller airports in central locations, with expansiimited by the city boundaries. It is this
prime location and the passenger traffic in the &oJaneiro - S&o Paulo connection that
make them the chosen points of reference for amsportation in this study. Recently,
passengers have begun using alternative airpo8&danPaulo and Rio de Janeiro, such as Sao
Paulo-Guarulhos International (GRU), Rio de Jan@abedo International (GIG) and
Viracopos-Campinas International (VCP) (FigureAl)hough these airports are more distant,
with attractive pricing options, they are growing popularity (Fariello 2013). Today,
approximately 120 daily flights connect Sdo Pauld Rio de Janeiro through their respective
airports, according to the Brazilian National Cilviation Agency (ANAC 2011); this
represents 5% of the total seats available oncatiastic routes. There are a number of other
airports in both cities; these, however, can ordypdie smaller aircraft and have therefore

been excluded from analysis since they accourtarityr a marginal proportion of passengers.
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In this transport mode, three types of fuel werasodered (Table 1). The first option
would be the traditional aviation fuel, which cantano added biofuel. In Brazil, about 7
billion liters of traditional jet fuel are consumadnually, producing about 17.5 million tons
of GHGs (EPA 2004). In the second option, a mixiifréraditional jet fuel and biofuels was
assessed, yielding an overall reduction of 65%iiectl GHG emissions (Vera e Sile al.
2013). The third option is based on an alternatiead of traditional fuels and biofuels, with
an overall reduction in direct GHG emissions oftap80%. These fuel blends have been
repeatedly tested (ATAG 2014). While aviation belfihave not yet become mainstream in
Brazil, the tests have shown promising resultgs lanticipated that the Brazilian aviation
industry will broaden its use of biofuels in theure as part of its commitment to reduce the
carbon footprint from flying by 50% by 2050 (comedrto the 2005 level) (Brazil 2013).

With the steady growth in the passenger flow betwR® de Janeiro and Sao Paulo, there
Is a need for alternative transportation modes &/ail connection represents a promising
option. The alternative of building more airportelancreasing the aircraft fleet in Brazil is

not physically, economically, geographically or eammentally favourable (Fariello 2013).
Transport Mode 4: Traveling by Train

According to Camacho (1998), the Rio de Janeirac Baulo rail connection is not new as
it had been used for long in the past. For oveumadhed years, there had been a rail link
between the country’s two major cities. However, @ctober 31, 1998, the railway link
between these cities was suspended; the increasepetition from airlines had played an

important role in this decision (Camacho 1998).

At the beginning of the Zicentury, there were negotiations about buildimgwa link, this
time for high-speed trains (HST) connecting RioJdmeiro and S&o Paulo. The idea was
based on a 2004 Sao Paulo state government ptojeocnnect the VCP Airport to the state
capital. The new technical feasibility study on threliminary layout for the HST included
connecting Campinas, Sao Paulo and Rio de Janeiome 518 km line with nine stations
(BNDES 2011).

According to Salgado (2014), the new high-speéedpraject between Rio de Janeiro and
Sao Paulo should have been completed by the begiwfhithe 2014 FIFA World Cup to be in
full operation for the 2016 Olympic and Paralymf@iemmer Games. The deadline was not
met and a new completion date has now been s@0#0. When completed, the project will
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connect three of the country’s major internaticagborts Galedo (Rio de Janeiro), Guarulhos
(Sao Paulo) and Viracopos (Sao Paulo) via high<pa@vay.

The project assumes that the 430 km route betweenédntral zone of Rio de Janeiro, and
the northern zone of Sao Paulo, will be coveredpproximately 93 minutes, depending on
interim stops. It is expected that trains will bgetated at speeds of up to 350 km/h and
handles an annual flow of 30 million passengergriges stipulated to be competitive with
air transport (ANTT 2014).

For this transport mode, the occupancy rate andahgon intensity values reflect those for
the Eurostar international trains of the Europeatwork (DEFRA 2010). These data were
employed due to the lack of country-specific and/atin American data which is a limitation
of this study. This is because the Eurostar traortssume energy that is mainly produced by
nuclear power. According to the International Eyefgency (IEA 2014), during 2012, the
French energy matrix obtained 43.3% of its energgnfnuclear sources and only 8.8% came
from renewable sources. In contrast, Brazil obthioaly 1.5% of its energy from nuclear
sources and 41.3% from renewable sources (IEA 200#4$ notwithstanding, the Eurostar
data are deemed more suitable for the Braziliartesbrgiven they are less reliant on fossil

fuel.

4. CARBON FOOTPRINT APPRAISAL METHOD

The study has chosen to apply a modified Life Cystsessment (LCA) method for
carbon footprint appraisal of various travel tramspnodes between Rio de Janeiro and S&o
Paulo. LCA has been repeatedly recognised as on#eofmost advanced methods for
environmental impact assessment; it has been lyreadbloyed in the different contexts and
recently introduced to tourism (Filimonaa al. 2011a; Michailidouwet al. 2016; Schianetet
al. 2007). The key advantage of LCA is in that it oees a ‘totality’ of environmental
impacts that arise at various stages of a prodlie®'ycle, starting with extraction of raw
materials and finishing with product disposal (Ehisnecht and Rebitzer 2005). In other
words, LCA has the capability to account for th@iemmental impacts that are defined as
‘direct’ (i.e. those arising from product use) dimdlirect’ (i.e. those attributed to the non-use
phases of a product’s life cycle) (Berners-le¢@l.2011; also see Filimonaat al.2013 for a

detailed overview of the ‘direct’ and ‘indirect’ deon footprint as generated by various
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tourism products There is growing evidence demonstrating thatitigirect’ environmental
impacts can be substantial and, in some cases,ctieyeven surpass the magnitude of the
‘direct’ environmental effects which underlines ihgortance of their thorough investigation
(Chwieduk 2003). All this contributes to the truenmgrehensiveness and accuracy of the
LCA method which positively differentiates it fromlternatives and determines a steady
growth of its applications in a number of disciglinand subject areas, including tourism (De
Camilliset al.2010).

Despite the comprehensiveness of analysis, the L@éthod has a number of
shortcomings that hamper its broader adoption ey gbctor. Substantial costs of LCA
datasets and their irregular updates are argubblkey drawbacks of the method (Filimonau
et al.2014; Schianetet al.2007). To partially address the shortcomings of L&3Aapplied in
the tourism sector, Filimonaet al. (2014) proposed to merge the traditional LCA method
with the GHG emissions assessment tool developedtdmorate reporting by the UK’s
Department for Environment, Food and Rural Affairs (DEFRA)
(https://www.gov.uk/government/collections/govermmneonversion-factors-for-company-
reporting#conversion-factors-2016). The latter taolfree to use and undergoes regular
updating. The new, combined method would capitaligen the ability of LCA to provide
estimates of the ‘indirect’ GHG emissions with ttepacity of the DEFRA’s approach to
generate more current assessments of the ‘diradioa footprint. A detailed overview of the
potential offered by a new method is beyond thepscof this study but can be found in
Filimonau et al. (2013; 2014). The hybrid, LCA-DEFRA method is deente represent a
better suited tool for analysis in this study. Véhil is not flawless, it is arguably the most
comprehensive and accurate tool for carbon impagrassal currently available in the

tourism field which determines its application lststudy.

To assess the carbon footprint for the differesmdport modes between Rio de Janeiro and
Sé&o Paulo, the carbon intensity coefficients wawd tlerived. The Ecoinvent database and
the GaBi LCA software were employed to derive tagbon footprint coefficients to calculate
the ‘indirect’ GHG emissions attributed to the t¢apassets and transportation infrastructure
while the DEFRA’s GHG emission factors were utifige estimate the ‘direct’ and ‘indirect’
carbon footprint as produced by various types ahgportation fuels (Table 2). GaBi is
popular commercial LCA software (GaBi, 2016). It@ays a range of tailor-made life-cycle

databases to estimate the magnitude of environménfzacts attached to products and
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services, where the Ecoinvent database representsey informant. The Ecoinvent database
Is a major life-cycle inventory which has for a loreged period of time been applied in LCA
analysis. To enhance the quality of analysis, th& drom the Ecoinvent database can be
supplemented with more precise, country-specifaris, retrieved from national inventories

and previous studies, subject to their availab{liisischknecht and Rebitzer 2005).
[Insert Table 2 here]

Literature suggests that, due to high heterogeméitgurism products, it is often difficult
to derive an appropriate functional unit for thelustry’s carbon impact appraisal studies
(Filimonauet al.2011a). For this particular project, a functionaitwas defined as ‘a return
weekend journey between Rio de Janeiro and Sam Paadle by one traveller with tourism
and leisure purposes’. The choice of such a broadtibnal unit was deliberate as it enables
integration of other tourism elements (for examplegommodation and activities) that have
been excluded in this study but whose analysigaisned in future work on this project. The
carbon footprint was recorded in kilograms of carldioxide equivalent (kg C®@). This is
the official unit of carbon footprint estimates@escribed by the Intergovernmental Panel on
Climate Change (IPCC 2007).

5. RESULTS AND DISCUSSION

The study shows that among the four transport mamessidered with variations in
different types of fuel, the most carbon-benigthes use of bus driven by B100 biofuel (Table
3 and Figure 2). This is in line with literatureding that overland modes of transport make
the lowest input into global climatic changes (deejnstance, Filimonaet al. 2014; Peeters
et al. 2007). The key disadvantage of this transport msdke travel time which equates to
six hours (one way). The second most carbon effidimnsport mode is the high speed train
(HST) whose GHG emissions are two-fold comparethéocarbon footprint associated with
B100 buses but, concurrently, significantly lowleart the GHG emissions attributed to other
transport modes. Again, this is in line with litene reporting on carbon impact appraisal
studies of railway transportation as conducted timeio geographical contexts (Barrett and
Scott 2003; Sovacool and Brown 2010). In this asialyt is worth considering that comfort
and time will be relevant to the passengers’ traleglisions. The HST transport mode is more
preferred in this case due to relatively shortétaime, i.e. 1.5 hours. Despite clear carbon
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benefits demonstrated by the B100 bus transportemibeése can be negated by long travel
times which also imply less time available to tetgito spend at a destination.

[Insert Table 3 here]
[Insert Figure 2 here]

Transport Mode “3a” (kerosene-driven flights) is shaarbon intense which mirrors
evidence reported elsewhere and outlines a primaitigation opportunity (Peeters and
Dubois 2010; Peetemt al. 2007). Importantly, biofuel driven flights are falimo generate
less GHG emissions than cars powered by the coivahtfuel. This is an important finding
signifying the crucial role of biofuel technology reducing the carbon intensity of local
visitor travel in Brazil. This demonstrates thdttednsport modes used in Transport Modes 2
(inter-city bus) and 4 (HST) should be politicafiyeferred over Transport Modes “1a” (car
driven by conventional gasoline) and “3a” (kerosdngen flights) which have higher rates
of energy intensity and GHG emissions. These latter transport modes, when analysed
from the perspective of biofuels, become more aafienign and yet the carbon savings

associated with the use of the bus, with or withmatuel, or HST are more pronounced.

From the carbon footprint standpoint, the use afdigisel is beneficial and broader
application of this technology in Brazil should bacouraged. More in-depth analysis is
however required to assess the viability of biofust in a country as there are a number of
further, non-carbon related “indirect” issues Atited to its application, such as
environmental (for example, land use changes);asqfor instance, poverty and labour
costs); and economic (for example, independenderefgn markets) (Almeidat al. 2007;
Martinelli and Filoso 2008). While these are outsile scope of this study, it is argued that
careful analysis is required to inform decision-ingk on whether or not to adopt

transportation biofuels more broadly in Brazil.

The study indicates that, in 2020, when HST wild&ecome operational, this mode of
transport must be stimulated since it representsna@e carbon effective means of
transportation. This is particularly important aere is growing evidence demonstrating that
HST can successfully compete with air transporsloort-haul distance (Martiet al. 2014).
Moreover, the Eurostar experience demonstratesttaiat journeys can be comfortable as
well as cost and time efficient; these factors ¢herefore attract increased passenger
numbers, also within city boundaries (Hickm@inal. 2010). The accessibility potential (i.e.
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its ability to avoid road traffic) offered by HS® manother factor which can be capitalised
upon when promoting railway transportation betwRémde Janeiro and S&o Paulo. It may be
particularly appealing for business and family &lavs for who the time and convenience

considerations are of prime importance (@aal.2013).

Bus, despite being the most climate friendly optioas the longest travel time and offers
limited comfort. To enhance its appeal, measuresuldhbe undertaken to tackle these
challenges. This can be achieved, for example,frda Wi-Fi and installation of power
sockets alongside contemporary entertainment sgstemboard. Interestingly, the carbon
impact appraisal results for Transport Mode “lar(driven by conventional gasoline) are
similar to Transport Mode “3a” (kerosene-drivemglfiis) which shows that long car journeys
should be discouraged due to the large volumesHt @missions they produce. These are
disproportionally high given the low occupancy oifvate cars compared to aircrafts. Hence,
tourists concerned about the carbon footprint aekisg to reduce it should therefore strive
for replacement of car journeys with bus or traulmégn it becomes available). To enable this
modal shift, appropriate incentives should be ihticed, both on the supply and demand side.

Cost is another factor which impacts tourist decignaking (Table 3). It varies greatly
from one transportation mode to another and ite sblould therefore be more diligently
examined in a separate study aiming to better stalel the factors contributing to local
travel decision-making in Brazil. Future work shbeimploy eco-efficiency analysis as a tool

to link the carbon impacts of tourists to theirsph¢Sun and Pratt 2014).

When analysing the ‘indirect’ GHG emissions, thedgt shows that air travel based on
biofuel is the largest contributor of the ‘indirecarbon footprint which amounts to 55.5% of
the total carbon significance attributed to thisame of transportation (Figure 2). The bus
powered by diesel fuel has the lowest ‘indirect'igsions (11.6% of the total), which is in
line with literature (Filimonatet al. 2014; Schafer and Victor 1999). This is an impdrtan
finding for engineers responsible for conductinghtacal feasibility studies and justifying the
choice of more carbon efficient transport modes.tilUnow, the use of biofuels has
traditionally been considered the most benefidiais is primarily due to the lack of methods
capable of accounting for the ’indirectt GHG emiss. The hybrid LCA-based method
applied in this study reveals the importance of ‘theirect’ carbon footprint and underlines

the necessity of taking it into account when depiglg new transportation planning
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proposals. Yet, the ‘indirect’ emissions revealedhis paper are rather approximate as they
do not take into account the increased carbon fodtgssociated with radiative forcing

effect, enlarged NOx generation and land use clga(@eéssling and Peeters 2007).

For comparison purposes, the Brazilian GHG emissiotaled 1,488 mt C@ in 2012
(IMAFLORA 2014). Considering the population estimaif 198.7 million people (IBGE
2012), each Brazilian resident would generate arame of 7,488 kg C@ per annum or
20.51 kg CQe per day. This number corresponds to the carltensity of a return leisure- or
tourism-related journey ‘Sao Paulo-Rio de Janeimo’a high speed train, one of the most

carbon-benign means of transportation betweenithetties.

6. CONCLUSIONS

The literature on tourism’s carbon impacts indisatieat tourist transport is the largest
contributor to the industry’'s GHG emissions. Tedbgyg is envisaged to play an increasingly
important role in the mitigation of the carbon foant attributed to tourism- and leisure-
related travel. Within various technological saduas, biofuel is often considered a viable tool

to tackle this issue.

To effectively mitigate the carbon impacts fromrisutransport, accurate assessments of
its GHG emissions are necessary. These shouldd@aiot only the ’direct’, or operational,
but also the ’indirect’, or non-operational, lifgate related, footprint. The inclusion of both
'direct’ and ’indirect’ GHG emissions provides a racholistic outlook, thus enabling better
understanding of the areas in which carbon mitigatintervention is required. Research
which has set out to tackle this challenge is gatee and should be reinforced. Furthermore,
the geographical scope of application covered lstieg studies is narrow due to its focus on
developed economies and should be extended, gartictowards developing countries and

emerging markets where tourism is on the rise.

This study extended the scope of the LCA applicatiotourism from Europe, Australia
and North America to Brazil, a growing BRICS markatl an emerging tourist destination in
Latin America. The case of local transportationwssin the cities of Rio de Janeiro and Sao
Paulo, the busiest Brazilian transportation artesys considered in order to identify the most
carbon efficient transportation options. The resuidicated that air and road transportation
(by car) are the transport modes with the largadian footprint while bus and train represent
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the least carbon intense means of transportatiols. &d train travel should therefore be
encouraged by local decision-makers, particulandynfthe standpoint of reducing the travel

times and increasing passenger comfort.

The outcome of this study can be used by Brazdiecision-makers as a basis for policy
intervention designed to facilitate more carbonipermodes of tourism- and leisure-related
transportation within the country. It can also liesdminated to local tour operators and travel
agents who could make this information availabletaarists. Given the evidence that
environmental awareness of tourists is growing,rdsellts of this study may appeal to those
tourists who take account of the carbon impactoaated with their travel choices.
Scientifically grounded information on the carbaotprint attributed to different transport
mode should be made available to tourists, andistmurand hospitality providers at a
destination may consider offering discounts to ¢haisitors who have opted for more carbon

efficient transportation options to reach a desioma

Given the important role played by biofuel techmgylan mitigating the carbon impacts
from transportation, Brazilian decision-makers dtidacilitate its more rapid adoption. To
this end, market-based instruments can be utiliBed.instance, financial incentives can be
given to the public purchasing biofuel-driven camsncurrently, higher taxes can be assigned
to the most carbon intense vehicles. As train s one of the carbon efficient means of
transportation between Rio de Janeiro and S&o Piaslwuld be made operational as soon as
possible while its use should be encouraged. Sigdss@hn be provided to HST operators to
maintain cheaper fares and enhance its competasgerwith airlines. If the above is
unfeasible, given significant reductions in thebcear footprint from flying demonstrated by
biofuel technology, the airlines that use the bteatibiofuel in their aircraft should be given

tax incentives.

In addition to the reduction of the carbon footprirom national transportation, biofuel
may play an important role in socio-economic depeient of Brazil. Brazil has strong
agricultural traditions; this implies it has an opjinity to become a leading supplier of raw
materials and technology for non-fossil fuels, sabjto careful considerations given to the
socio-cultural and economic implications of thishieology. More intense biofuel production

in Brazil will minimise the dependence of the cayrdn external fossil fuel supply.
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Lastly, this study shows that the ‘indirect’ carbdootprint from transportation is
significant and should not therefore be excludadnfranalysis. This suggests that policy-
making interventions designed to mitigate the carbignificance of tourism should not only
seek to reduce the ‘direct’, or operational, impadiut should also concentrate on the
‘indirect’, non-operational effects. This does moily apply to carbon impact assessment of
local transportation in Brazil, but also holds tifioe any developed or developing country,
especially for other BRICS states, where tourismg@meral and the local transportation

market in particular are growing.
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Table 1: Transportation scenarios under review

Scenario Transport Fuel type Origin Destination
a. Brazilian
1 429 k Car gasoline
( M one-way) =g e anol
a. Diesel Tieté Bus Novo Rio Bus
. b. Biofuel B7 Station Station
Inter-City Bus .
2 (429 km one-way) C. B!ofuel B10
d. Biofuel B20
e. Biofuel B100
a. Kerosene
b. Biofuel with
Airplane 65% less Séo Paulo/ | Rio de Janeiro/
3 (357 km one-way) GHG _Congonhas Sqntos Dumont|
c. Biofuel with | Airport (CGH) | Airport (SDU)
80% less
GHG
Rail N Campo . de Leqpoldina .
4 (430 km one-way) Electricity Marte Railway| Railway Station
Station (2020) | (2020)




Table 2: Carbon intensity factor for transport between &id Sao Paulo

Transport mode in
different scenarios

Direct GHG emissions

factor estimated by
DEFRA and indirect

Capital goods and
infrastructure factors
related to indirect GHG

Total GHG emissions:
Hybrid Method (DEFRA +

from the fuel chain, emissions estimated by LCA), CO.eq.
COeq. LCA, COeq.
Car (“Brazili
ag;sorlﬁ]zé,f)a” 0.067 (78%) 0.019 (22%) 0.08@.00%)
Car (ethanol) 0.016 (46%) 0.019 (54%) 0.038L.00%)
Bus (Diesel) 0.0276 (88%) 0.0036 (12%) 0.0312 (100%)
Bus (B7) 0.02566 (87.7%) 0.0036 (12.3%) 0.0292B)0%)
Bus (B10) 0.02484 (87.3%) 0.0036 (12.7%) 0.0284100%)
Bus (B20) 0.02208 (85.9%) 0.0036 (14.1%) 0.0256B00%)
Bus (B100) 0.00828 (69.7%) 0.0036 (30.3%) 0.011880%)
Airplane (kerosene) 0.12 (80%) 0.03 (20%) 0.15 (100%)
Airplane (65%
reduction of GHG) 0.042 (58.4%) 0.03 (41.6%) 0.07.00%)
Al (080 0.024 (44.5%) 0.03 (55.5%) 0.054.00%)

reduction of GHG)

Train

0.017 (72%)

0.0065 (28%)

0.0235 (100%)

# Reduction of 19.2% of the original value of dir&#G emissions (0.083) presented by Filimosatai.
(2014) based on Soaretsal. (2009), retaining the value of the indirect cdmition 0.019.

® Reduction of 80.2% of the original value of dir&G emissions (0.083) presented by Filimoseai.
(2014) based on Soaresal. (2009), maintaining the value of the indirect edmition 0.019.

¢ Reduction of 5% of the original value of direct Gl¢missions (0.0276) presented by Filimostal. (2014)
based on DELTAC®& CENA (2013), maintaining the value of the inditeontribution 0.0036.

4 Reduction of 7.3% of the original value of dir@&tG emissions (0.0276) presented by Filimoetzal.
(2014) based on DELTACL® CENA (2013), maintaining the value of the inditeontribution 0.0036.

° Reduction of 14.5% of the original value of dir&#G emissions (0.0276) presented by Filimoeizal.
(2014) based on DELTACL® CENA (2013), maintaining the value of the inditeontribution 0.0036.

" Reduction of 70% of the original value of direddG emissions (0.0276) presented by Filimoseal. (2014)
based on DELTAC®& CENA (2013), maintaining the value of the inditeontribution 0.0036.

9 Reduction of 65% of the original value of dired#G emissions (0.12) presented by Filimowhal. (2014)

based on ATAG (2014), maintaining the value ofitfdirect contribution 0.03.

" Reduction of 80% of the original value of direct Giémissions (0.12) presented by Filimoweaal. (2014)

based on ATAG (2014), maintaining the value ofitfdirect contribution 0.03.




Table 3: Carbon footprint attributed to different traveksarios

Distance Time Price DEFRA+ Total /person
(round trip) (one way) | (one way) LCA* (Kg CO2eq)
Scenario 1 - Travel by Car
(Use of “Brazilian gasoline” . US$ 107.61 0.086 73.80
- 4h30min
- containing 25% ethanol)
Scenario 1 - Travel by Car
(Use of just ethanol) US$ 107.04 0.035 30.03
Scenario 2 - Travel by Bus
(Use of just diesel) 0.0312 2By 7
Scenario 2 - Travel by Bus 858 km
(Use of B fuel) 0.02926 25.11
Scenario 2 - Travel by Bus US$ 34.77 -
(Use of B10 fuel) 6h uss 70.66 | 002844 24.40
Scenario 2 - Travel by Bus
(Use of B20 fuel) 0.02568 22.03
Scenario 2 - Travel by Bus
(Use of B100 fuel) 0.01188 10.19
Scenario 3 - Travel by
Airplane 0.15 107.10
(Use of traditional jet fuel)
Scenario 3 - Travel by
Airplane (Use of biofuel i
with 65% reduction of GHG 714 km 38min US$ 48.22 0.072 5140
o US$249.67
emissions)
Scenario 3 - Travel by
Airplane (Use of biofuel
with 80% reduction of GHG 0.054 38.55
emissions)
Sce”a”‘}éi'nwa"e' 537 860 km 1h33min | US$90.80| 0.0235 20.21

é Daily car rental: US$ 52.83 per day (www.rentasceom) / Total toll amount in one direction US$215.
(www.novadutra.com.br/tarifas) / 31 liters of Bl gasoline US$ 39.57 (www.precodoscombustivers.or).

® Daily car rental: US$ 52.83 per day (www.rentalagom) / Total toll amount in one direction US$ 15.2
(www.novadutra.com.br/tarifas) / 40 liters of ethhdS$ 39.00 (www.precodoscombustiveis.com.br).

“ Normal bus ticket, on average, US$ 34.77 or ttlestifor “enhanced comfort” seats, US$ 70.66

(www.buscaonibus.com.br).

4 Research conducted using immediate and remots/dimest prices (www.submarinoviagens.com.br).

© The high speed train will have 60% of seats alb&léor economy clagprice displayed), according to the law

(BNDES, 2011) and the maximum fare will be US$ Qo2t km.
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Figure 1: Visual representation of the travel scenarios iciemed in this study.
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Figure 2: Direct and “indirect” carbon footprints from diffent transport scenarios.



