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Background and objective

To high-income populations in Norway and elsewhere, international package travels have
become popular opportunities for experiencing other cultures or gaining a temporary break from
everyday routines or local climate. Such package travels typically involve international travels by
air, which are known to have high carbon footprints. They also typically involve hotel stays, and
may also involve other transport activities and the provision of a number of other services such
as meals or insurance. In a life-cycle perspective, all such activities cause environmental impacts.
The aim of this project is to provide insights into the environmental impacts of international
vacation packages, taking a life-cycle view of activities involved.

The tasks are:

(1) A short literature review of existing life-cycle assessment literature on products or
services that are relevant for international vacation packages;

(2) selection of activities to be investigated in this work (at the minimum, this should include
air travel and hotel stays);

(3) compilation of life-cycle inventories for the selected activities;

(4) life-cycle assessment of international vacation packages based on the data collected for
individual activities; and

(5) discussion of results.
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Abstract

This thesis aims to perform a Life Cycle Assessment in order to explore environmental
impacts associated with a vacation package. It identified the phases of the holiday that
generated the largest impact, the most significant impact categories and quantified the impacts
generated.

The results of LCA have demonstrated that impacts from the vacation package occur
in all of the eighteen midpoint impact categories, with the largest contributions from air travel
and electricity consumption. Further assessment has shown that there are variations in impacts
(specifically, GHG emissions), depending on the destination and the length of stay. At the
same time, it has been found that GHG emissions from air travel are not directly proportional
to the distance flown. Overall, the study has confirmed that viewing tourism as low impact
industry is misleading.

Significant gaps in tourism related research and data were identified. While a
relatively large number of studies focused on impacts from air travel, the research on the hotel
stay and tourist activities is much more limited. Literature research also showed that there are
a very few studies related to use of LCA in tourism and specifically LCA of a holiday
package. It was found that several important elements of the vacation package were not
covered enough in the literature such as for example tourist activities, waste generation, and
food consumption.

Possibilities and barriers for future research were also identified. It was suggested that
more studies on different types of vacation packages would make results of impact assessment
more representative. However, in order to conduct comprehensive LCAs of holiday packages,

current major gaps in available data need to be filled.



Preface

This master thesis was prepared during the last semester of study for MSc
Program Industrial Ecology.

Herewith | would like to thank my supervisor, Edgar Hertwich, and my co-
supervisor, Anders Arvesen, for their patience and consideration during writing of
this thesis.

Special thank you I would like to give to Anders Arvesen for his guidance and
comments regarding the technical part of this work.

I would also like to thank Rustem Saitov and Ata ul Rauf Salman for invaluable

comments and proofreading of the thesis.



Table of Contents

1 Introduction and MOTIVATION .......oooviieeee et e et e e e e e 1

A I (=Y L [ R oA =N T 5

2.1 Environmental Impact Assessment of Tourism in Context of Climate Change

2.2  The Holiday Package as an Object for Assessment of Environmental Impacts

OF TOUFISITI ..ttt bbb 8

2.3 Life Cycle AssesSMENt IN TOUMSM .....cc.oiiiiiiniiieieiee e 10
3 Method and Data INVENTOTY .........cccoiiiiiiiieieeiese s 12
3.1  Life Cycle Assessment Method............ccccoviiiiiiiniiieie e 12
A D | - W 1 11Y/=] (o] PP 17
3.2.1 Selecting Holiday Destination and Accommodation Type..........c.cccoeu..... 17
3.2.2 TTAVEL e e 20
3.2.3  ACCOMMOUALION. .....eiiiieieieieeie ettt steeneesreenee e 21
3.2.4 FOOd CONSUMPLION.....cuiiiiiiiiiieieieiie sttt 22
3.2.5 TOUNSE ACHIVITIES ...veviiieiiieiieieee e 25
3.2.6 Data Inventory LimitationS.........cccoveiieeiiiiieiie e 26

4 ReSUILS aNd DISCUSSION ....cveiviiviiiiriieieeieieie ettt sbe e sre e sne e e e e e 28

4.1  Contribution of Various Elements of a Vacation Package to Climate Change

........................................................................................................................ 28
4.2 Contribution of Different Processes to Various Impact Categories............... 30
4.3 Structural Path ANAIYSIS .........ooiiiiiicic e 32
4.4  Direct and indirect GHG emissions from air travel...........c..cccccoveiiiiieennn, 35

45  Comparing GHG emissions from electricity consumption of different vacation

PACKAGES ...ttt bbb bbbt 37

4.6 Sensitivity to Distance FIOWN...........cccooiiiiiiie e 39
4.7  Effects of Aviation on Radiative Forcing and Climate ..............cccccovevveennn, 41
T O] o 1153 o] o1 SR 43
6 Recommendations for Future ReSEarch ..........ccooveieiiierieiie s 46
T RETEIENCES ...ttt ettt ae s 48



ST Y o] o 1=] oo | OSSPSR 52

8.1
8.2
8.3
8.4

Foreground and Background MatriCes ..........ccevviieiieneniiesieseee e 52
Results of Life Cycle Analysis for Different Vacation Packages .................. 54
Results of Structural Path Analysis for Different Impact Categories............. 57

Calculated GHG Emissions from Various Vacation Packages as A Function

of Flying Distance and Electricity Consumption ..........ccccoeevevvvinieeresennnenn. 62



List of Figures

Figure 1.1 : Inbound tourism by purpose of visit, 2013 (UNWTO, 2014).................... 2
Figure 1.2 : Inbound tourism by mode of transport, 2013 (UNWTO, 2014).................. 3
Figure 2.1 : Distribution of emissions from tourism by sub-sector (adopted from Scott
BL AL, 2010) ... i e e e e e reenrenres 6
Figure 2.2 : Increase in flight traffic in Norway (Virke, 2014)......c.cccccocvvvvevviieivennee 9
Figure 3.1 : Life Cycle Assessment framework (Lewis, 2013).........ccccvvvvnivvieiinnnenn. 13
Figure 3.2 : Life cycle of tourist experience (adopted from De Camillis et al., 2012) 14
Figure 3.3 :LCA Nomenclature (adopted from Lewis, 2013) ........cccccveveeveieeincinennnnn 16
Figure 3.4 : number of vacation packages sold in Norway in 2013( Virke, 2014) ..... 17
Figure 3.5 : Vacation packages to Spain, Greece, Turkey and Italy sold in Norway in
2013 (VITKE, 2014) ..o.veeeceeieeeee ettt sttt sttt sttt e et ne s 18
Figure 3.6 : Distances from Scandinavian capitals and fuel consumption on flights to
popular destinations (TUI Travel, 2011) .......cocovveiiiiiieeceee e 21
Figure 4.1 : Overview 0Of a vacation Package .........c.cceeririrerierenese e 28

Figure 4.2 : Contribution of various elements of the holiday package to climate change

(0 L =T0 0] VPR PR TP 29
Figure 4.3 : Relative contribution of foreground processes to different impact
(0oL =T (o] =TSSP TP U TTURURORPPTPIR 31
Figure 4.4 : Climate change, Hierarchist, GWP 100...........ccceceriviirriereeieseene e 32
Figure 4.5 : Agricultural land occupation, Hierarchist, ALOP100 ............cccceovviennne 33
Figure 4.6 : Freshwater ecotoxicity, Hierarchist, FETP_H............cccocoiiiiiiiiiiienn, 34
Figure 4.7 : Terrestrial ecotoxicity, Hierarchist, TETP_H........ccccoooiiiiiiiiiiiiiec, 34
Figure 4.8 : Water depletion, Hierarchist, WDP100 ...........ccccouereiieriereeieseess e 35
Figure 4.9 : Direct and indirect GHG emissions from air travel ..............ccccocvvnenne, 35
Figure 4.10 : Phases of flight of aircraft (adopted from Jardine, 2005) ....................... 39
Figure 4.11 : Emissions per seat as function of distance for different plane models
(adopted from Jarding, 2009) .........cccoiiiiiiiieiee e 40
Figure 8.1 : Foreground requirement MAtriX .........cooeverirenieiieie e 52
Figure 8.2 : Requirements placed on the background by the foreground .................... 53



Figure 8.3 : Impacts generated from a 7 nights vacation package to the Canary Islands

...................................................................................................................................... 94
Figure 8.4 : Impacts generated from a 10 days vacation package to Mallorca. ............ 55
Figure 8.5 : Impacts generated from 14 days vacation package to Mallorca............... 56
Figure 8.6 : SPA Agricultural 1and 0CCUPALION .........cccoiiiiiiiiieicec e 57
Figure 8.7 : SPA Climate CNANGE ........coviieieieieiee e 58
Figure 8.8SPA Freshwater COtOXICILY ........civueiierieiieieeie e et 59
Figure 8.9 : SPA Terrestrial COtOXICITY ........oueiierieiieiieie et 60
Figure 8.10 : SPA Water depletion..........ccoiiiiieiiieeeeee e 61
Figure 8.11 : Impacts generated from vacation package to Bulgaria............cccccevennene. 62
Figure 8.12 : Impacts generated from vacation package to Portugal ..............cccccvnee. 63
Figure 8.13 : Impacts generated from vacation package to Greece ..........cccecvevvvevenenn 64
Figure 8.14 : Impacts generated from vacation package to China ...........c.ccoceevevennne 65
Figure 8.15 : Impacts generated from vacation package to Brazil ............cc.ccccevenene. 66



List of Tables

Table 3.1 : Food consumption for breakfast and corresponding CO, emissions per kg

of food product (Castellani and Sala, 2012)..........ccccccvvieiieieiiie e 24
Table 3.2 : Tourist activity and GHG emissions in kg CO2 equivalents...................... 26
Table 4.1: GHG emissions from vacation packages of 7, 10 and 14 nights, kg CO2 eq
...................................................................................................................................... 30
Table 4.2 : Overview of GHG emissions from different vacation packages................ 37






1. Introduction and Motivation

1 Introduction and Motivation

Climate change is considered to be one of the most serious environmental threats to
sustainable development. Adverse impacts are expected on human health, economic activity,
food security and access to water, natural resources and the environment, and physical
infrastructure (11ISD, 2002). There is solid scientific evidence to suggest that despite
technological improvements as well as other operational and economic measures to reduce
greenhouse gas (GHG) emissions, there could be still change in the climate, and the potential
consequences might be significant.

Intergovernmental Panel on Climate Change initially assessed possible impacts of
climate change (storms, heat waves etc.) in 1999, and the most recent update of these
assessments was made in 2007. According to the latest report, climate change will be
experienced worldwide. It is emphasized that mitigation or adaptation actions need to be
taken immediately in order to address the effects of climate change (ICAO, 2013).

In addition to everyday mobility for working, shopping and leisure purposes, holiday
mobility has become increasingly important. Holiday travel and short stay trips have become
an integral part of the modern life styles. While not long time ago traveling used to be a
privilege, nowadays traveling and tourism is a mass activity in the western society (Bohler et
al., 2006). Over past six decades tourism has experienced continuous expansion and
diversification, and is now one of the largest and fastest growing economic sectors worldwide
(UNWTO, 2014). Tourism is of high economic importance for industrialized countries while
being of equal importance for developing countries that have become tourist destinations. In
real figures, globally tourism is responsible for 9% of GDP, and the industry employs 9% of
the world’s workforce. Though the industry appears vulnerable to occasional economic or
geopolitical shocks, international tourist arrivals have shown virtually uninterrupted growth,
increasing from 25 million in 1950 to 528 million in 1995, and 1087 million in 2013.
According to UNWTO’s long term forecast Tourism Towards 2030, this trend is expected to
continue with increase in international tourist arrivals by 3.3% a year from 2010 to 2030,
reaching 1.8 billion by 2030 (UNWTO, 2014).

The sheer size of the industry along with strong growth naturally implies the need to
consider its environmental impacts. Currently, UNWTO estimates that tourism is responsible

for around 5% of CO, emissions, which makes it an important contributor to global climate



1. Introduction and Motivation

change. By 2035, under “business as usual” scenario these emissions are projected to increase
by 130% (UNWTO, 2010).

However, some studies argue that considering the radiative forcing effect, the share of
tourism contribution to climate change can be up to 12.5% (Scott at al., 2010). Radiative
forcing of climate is a measure used to quantify the climate impact of some phenomena. It is
formally defined by IPCC as “the change in net (down minus up) irradiance (solar plus
longwave; in W m) at the tropopause after allowing for stratospheric temperatures to
readjust to radiative equilibrium, but with surface and tropospheric temperatures and state
held fixed at the unperturbed values” (IPCC, 1996 cited in Lee, 2009). Some studies
quantified the effect of aviation emissions on RF. The nature of the RF effect and its relation
to air travel will be discussed in the last section of this thesis.

The data discussed above contradict the commonly shared view among many
researchers and general public that tourism industry has low environmental impact. Rather, it
IS becoming now a shared vision that tourist activities are strongly related to the environment.
On the one hand, this is due to the fact that the natural environment itself can be considered as
a major input resource to the processes of tourism industry. On the other hand, current boom
in tourism industry may severely increase its overall impact on the environment (De Camillis
etal., 2012).

In 2013, travel for holidays, recreational purposes and other forms of leisure accounted

for just over half of all international tourist arrivals as shown in Figure 1.1.

Inbound tourism by purpose of visit, 2013* (share)

VFR, health,
religion, other
27%

Leisure, recreation
and holidays
52%

Business and
professional
14%

Not specified 7%

Figure 1.1 : Inbound tourism by purpose of visit, 2013 (UNWTO, 2014)
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Therefore one can argue that environmental impacts arising specifically from holiday
travel can be significant. From environmental perspective, the overall number of trips, travel
destinations and distances as well as the choice of transport is the most crucial. In order to
achieve sustainability of a holiday travel, it is important to focus on journey to and from
holiday destination and particularly on transport modes with high environmental impact such
as airplane and private car. Currently, air travel is the most popular means of transport in
international tourism. According to UNWTO, in 2013 around 53% of all travelers reached
their destination by airplane (Figure 1.2).

Importantly, the trend has been for air transport to grow at a somewhat faster pace than
surface transport, so the share of air transport in international tourism continues to gradually
increase (UNWTO, 2014).

Inbound tourism by mode of transport, 2013* (share)

Road
Air 40%
53%

Rail 2%

Water 5%

Figure 1.2 : Inbound tourism by mode of transport, 2013 (UNWTO, 2014)

Many studies have been devoted to evaluating environmental impacts from tourism at
the holiday destination without accounting for effects of traveling to these places. They
further propose strategies for developing green and sustainable tourism and for protection of
ecologically sensitive regions (Bohler et al., 2006).

In this thesis Life Cycle Assessment is used to explore the environmental impacts of a
vacation package. The objectives of the study were to assess the environmental damage
caused by a typical vacation package undertaken by Norwegian tourists. In particular, it was
considered important to identify the phases of the holiday that generate the largest impact, the
categories of the most significant impact and quantify, where possible the impact generated.

Further this thesis aimed at comparing a few vacation packages in terms of distance against

3



1. Introduction and Motivation

the length of stay at the destination, in order to identify and analyze the relation if any.
Another purpose was to quantify total GHG emissions from short/medium haul and long haul
vacation travel, and compare GHG emissions from hotel stay in different countries. In
addition, the study aimed at identifying and discussing the gaps in data and research related to

environmental impacts from holiday packages and making suggestions for future studies.



2. Literature Review

2 Literature Review

Increasing international importance of travel and tourism as an economic activity
attracts more and more interest from the scientific community. Tourism industry has been
growing strongly over the last decades eventually becoming one of the principal sectors of the
world economy and this trend is expected to continue in the future. In contrast with other
service sectors of the global economy that may be considered as functional in the economic
dematerialization required for environmentally sustainable development, tourist services
should be carefully assessed from environmental viewpoint due to their growing importance
(De Camillis et al., 2010). Though the common thinking is that many services have little
environmental impact due to limited level of direct resource input, their overall impact can be
significantly increased along the supply chain due to supply of inputs they require. It has been
established that the understanding of tourism’s contribution to climate change by both the
general public and tourism experts in quite limited. This is mainly due to the fact that there is
a lack of effective environmental assessment techniques, which would allow quantifying
GHG emissions occurring because of tourist activities. Therefore, it is important to adapt
existing methodologies from other disciplines to bridge this gap (Filimonau et al., 2011).

2.1 Environmental Impact Assessment of Tourism in Context of Climate

Change

Tourism is a special sector that is characterized by the combination of actions and
behaviors within different areas. For example, the tourism sector uses energy for the transport
of visitors to and from, as well as within, destinations, in accommodation facilities and for a
range of tourist activities. As a result of that most of this energy comes from fossil fuels,
energy use in tourism is linked to emissions of GHGs (Scott et al., 2010).

As tourism impacts occur across different areas, the sustainability of this sector has
become increasingly important, paying particular attention to consumption within the sector
and its environmental impacts (Arcese et al., 2013).

Gossling defined tourism as “... the sum of the phenomena and relationships resulting
from travel and stay of non-residents...” (Gossling, 2002 cited in Arcese et al., 2013). In 2011,
tourism contribution to worldwide Gross Domestic Product (GDP) was around 5%.
Environmental assessments of tourism have demonstrated that tourism’s industry contribution
to global climate change is significant accounting for up to 6% of human-induced carbon

5
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dioxide emissions (Scott et al., 2010). As presented in Figure 2.1, projections made for 2035
show that increase is expected in air transport and accommodation sub-sectors. Several
studies have found that among holiday travel components transport was the largest contributor
generating between 50% and 97.5% of the total GHG emissions caused by tourism activities
(Byrnes & Warnken, 2006, Peeters, Gossling and Becken, 2006). As it would be expected,
most of GHG emissions occur due to air travel to/from destination, while the share of the
other tourism components is believed to have a marginal value. While this is true for long-
haul travel, which implies carbon intensive flights over longer distances, such expectations
are not necessarily correct for short-haul holidays. At the same time, research has
demonstrated that longer stays at the destination are normally preferred in terms of eco-
efficiency as the tourism activities at the destination are believed to have low carbon footprint.
However, other aspects of holiday stay at the destination need to be considered. For example,
extensive use of overland means of transport, a luxury all-inclusive hotel, and energy
intensive activities may lead to a significant quantity of GHG emissions generated at the
destination, which outweigh the carbon footprint of transportation to/from the destination
(Filimonau et al., 2011).

2005 20352

Sub-sectors CO,(Mt) % CO,(Mt) %
Air transport 515 40% 1631 53%
Car transport 420 32% 456 15%
Other transport 45 3% 37 1%
Accommodation 274 21% 739 24%
Activities 48 4% 195 6%
Total 1,307 100% 3059 100%
Total world (IPCC 2007c) 26,400

Tourism contribution 5%

Source: UNWTO-UNEP-WMO (2008).

Figure 2.1 : Distribution of emissions from tourism by sub-sector (adopted from Scott et al., 2010)

Presumably, the contribution of tourism to climate change will remain high in the
future, and this is supported by two strong growth trends that characterize this sector. Firstly,
increase in income and general economic stability in some parts of the world ensured that
there are a growing number of people participating in both domestic and international
tourism, and that the number of international tourist trips will continue to grow exponentially
in the coming years as well. The other important factor is that the nature of holiday itself for

individual travelers has changed. People choose more frequent and shorter stay holidays,
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travel farther distances which increases the use of high-energy transportation, and stay in
more luxurious hotels. As a result, traveling on a per trip basis became much more energy
intensive. With growing number of trips and increase in accommodation capacity worldwide,
and the growing energy intensity of most trips, substantial increase in future emissions from
tourism sector is expected. This is true even considering recent advances in technology, which
improved energy efficiency of both air and surface transport and of accommodation facilities
(Scott et al., 2010).

Though in theory the reduction potential for energy use and GHG emissions from
transportation to/from the destination is important, in practice it is limited due to numerous
socio-economic and technological constraints. By contrast, it is considered that GHG
emissions mitigation at the destination has a high potential because of the flexibility in
choosing energy supply mix and other options to improve energy and environmental
performance. Therefore, holiday travel components that take place at the destination are
considered the most significant dimensions of the tourism industry open to impact assessment
and mitigation measures (Filimonau et al., 2011).

The recent research conducted for the Norwegian travel market (Virke, 2014) shows
that the current main tourism market is in short-haul and domestic destinations with
projections for future growth. Short-haul tourism is not clearly defined in the literature due to
that definitions consider various transport modes and geographical locations. However,
traditionally differentiation between short-, medium- and long-haul distances is done from the
standpoint of air travel. For instance, the UK Department for Environment, Food and Rural
Affairs considers as short-haul flights those, which are typically up to 3700 km in length. This
statement is broadly supported by definition proposed by Jardine, 2005 who classifies short-
haul flights as those less than 3500 km (Filimonau et al., 2014). Therefore, most destinations
in Spain, with exception of the Canary Islands, which are popular among Norwegian
travelers, can be regarded as short-haul travel. There is an evidence of growing demand for
vacation packages to short-haul destinations among Norwegian tourists including all-inclusive
hotel stays (NRK, 2014). With almost one million holiday packages to destinations in
southern Europe sold in Norway in 2013 and a growth of 18% for holidays in Spain in one
year, it calls for a more comprehensive analysis of short-haul holidays (Virke, 2014). While
acknowledging the high GHG emissions of long-haul flights, it is nevertheless important to
better understand the carbon significance of short-haul holidays and accurately quantify the
contribution of their specific components, including travel, to the overall GHG emissions and

environmental impacts associated with holiday packages (Filimonau et al., 2014).
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Due to its economic and environmental relevance the need has emerged to develop
strategies for the sustainability of the sector, focused on the reduction of emissions from
transportation and accommodation (UNWTO, 2010).

2.2 The Holiday Package as an Object for Assessment of Environmental

Impacts of Tourism

According to the United Nations World Tourism Organization (UNWTO, 2008),
“tourism comprises the activities of persons travelling to and staying in places outside their
usual environment for not more than one consecutive year for leisure, business and other
purposes”. Though no general consensus exists in the scientific community on the definition
of tourism as a separate industry, it has been argued that tourism is a conglomerate of
products distinguishable from the other industries. It is emphasized that tourism output is a
complex product that includes a wide range of goods and services interacting to fulfill both
tangible (e.g. hotel, restaurant, air travel and intangible parts (e.g. scenery, mood) of a tourist
experience (De Camillis et al., 2012).

Filimonau et al. (2011) consider the holiday package to be at the intermediate scale in
the tourism product hierarchy. It represents an aggregation of different components or travel
choices such as modes of transportation, types of accommodation and activities, offered to
tourists as an integrated product. It has been also suggested that individual tourism products,
such as “all-inclusive” holiday packages, are the most suitable units for environmental
assessments in tourism. This is due to better availability and accuracy of consumption and
pollution data required for environmental assessment that can be supplied by providers of
tourism products and services such as for example tour operators, hotels and airlines. On the
other hand, larger scale tourism sustainability assessments are considered significantly less
accurate due to the diversity of products and services involved in the evaluation process.

The literature reports a few attempts to evaluate the environmental impacts of the
entire holiday package (Chambers, 2004; Peng & Guihua, 2007; WWF-UK, 2002; Castellani
& Sala, 2012; Filimonau et al., 2013). The studies used different evaluation methods and
focused on specific types of environmental impacts (e.g., assessing indirect GHG emissions
associated with holiday package). Some studies were devoted to environmental appraisal of
all-inclusive packages but are incomplete as some components have been omitted. However,
there is a need for comprehensive assessments because only in this case it is possible to define

which components of a travel package result in largest environmental impacts. Finding the
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magnitude of environmental impacts and establishing the main causes is necessary in order to
develop strategies for impact reduction (Becken & Patterson, 2006).

The necessity to conduct sustainability appraisals of holiday packages can further be
justified by their significant share in national and global travel market (Filimonau et al.,
2011). The survey of Norwegian travel market reports that 1.25 million vacation packages
were sold in 2013, which is 4% more than the previous year. At the same time, vacation
packages to southern European destinations almost reached one million and demonstrated an
increase of 13% in 2013 as compared to 2012. Figure 2.2 demonstrates growth in
international scheduled and charter flights in Norway since 2003.According to Virke,
international travel represented 30.4% of Norwegian air traffic in 2013, increase of 8% since
2003 (Virke, 2014).

Kraftig vekst i flytrafikken*

730000 4

710000 | 705 289
690 000 -
@ 670000 -
0
L 650000 -
E 630 000
S 1 632 794 631 896
E 610 000 -
c
< 590000 -
570 000 - 567 126
550 000 T T T T T T T T T T ]
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
*) Tallene viser antall avganger og landinger for sivile rute- og charter flyvninger Kilde: Avinor

Figure 2.2 : Increase in flight traffic in Norway (Virke, 2014)

The vacation packages continue to play an important role in the Norwegian travel
market. Globally, some travel agents become specialized in holiday package tours, which
make a significant share of their revenues (Filimonau et al., 2011).

At the same time, many international providers of travel services, such as travel
agents, airlines and hotel chains consider sustainability a strategic issue and demonstrate a
sense of environmental responsibility. This helps achieving social status and creating
competitive market advantages. The outcomes of environmental assessment of holiday
packages can be utilized in company’s sustainability reports and provide valuable insight in
which areas providers of travel services can improve their environmental performance (see for
example, Scandic, 2014 and TUI Travel, 2011). Environmental and sustainability concerns
expressed by tourist companies, increase with business size. It can be explained by the

requirements to the large companies to display their environmental and social commitments
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and achievements. Besides, they have more financial resources available and need to maintain
a good brand image (Filimonau et al., 2011).

When the data for this study were collected, it has been found that large chain-
affiliated hotels demonstrate more awareness of environmental and sustainability issues and
provide more information regarding their sustainability policy than individually owned and
managed accommodation facilities. However, the number of smaller hotels that want to run
their business in a more sustainable way is constantly increasing. It can be assumed that
tourism businesses especially with international activities may be interested in environmental

assessments of their products and services.

2.3 Life Cycle Assessment in Tourism

The literature research identified only a few studies that used LCA method in
evaluating environmental performance of tourism and tourism-related activities. Four of these
applied original LCA methodological framework to different aspects of tourism industry. One
study evaluated environmental performance of meal boxes in tourism catering (Kuo, Hsiao
and Lan, 2005), Kdnig et al. (2007) focused on LCA of hotel complex under construction in
Portugal but this study had modeling approach (and did not measure the impacts directly), and
De Camillis, Petti and Raggi (2008) and Sara, Raggi, Petti and Scimia (2004) conducted LCA
of hotel buildings in Italy. The latter conducted full assessment of hotel operation but
excluded indirect impacts arising from hotel construction and manufacturing of equipment.
Neither of the studies assessed the holiday package as a whole. Besides, these studies are not
available in public domain, along with other work on LCA in tourism conducted in Italy
(Filimonau et al., 2011).

More research has been found in literature that did not use directly conventional LCA
method but rather applied a life cycle perspective to tourism sector. Specifically, World Wild
Life Fund-UK (2002) and Chambers (2004) employed life cycle approach to an EFA of
holiday packages. These studies are quite dated now; in addition they have been qualitative in
nature, did not consider all phases of tourism’s life cycle and did not provide enough details.

The most recent examples of LCA applied specifically to a holiday package include a
study by Castellani & Sala (2012) that compared EF and LCA methods in assessment of
tourist activities. Kuo and Chen (2009) quantified environmental impacts for the entire
tourism sector of the Penghu Island in Taiwan. Finally, Filimonau et al. (2013) utilized hybrid

DEFRA-LCA approach to calculate direct and indirect GHG emissions of the holiday
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package in Algarve.

Though some progress has been made in applying LCA methodology to tourism, the
research in this field is still at initial stage. In particular, no comprehensive environmental
assessment of all elements of a holiday package using conventional LCA has been done to
date. Yet, such analysis seems useful for designing policy measures and encouraging business
actions. The outcomes of LCA could be also communicated to tourists to make them aware of
environmental impacts of their travel behavior and provide information that would help them
making responsible holiday decisions. LCA appraisals of holiday packages also may be used
to create inventory systems of the most and least environmentally “friendly” holidays. This
can be further used to develop eco-labels or other standards that would serve the purpose of
informing tourists and influencing their decisions when purchasing a holiday package
(Filimonau et al., 2011).
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3 Method and Data Inventory

3.1 Life Cycle Assessment Method

Life Cycle Thinking (LCT) is a quantitative approach which includes a broad range of
methodologies and instruments for sustainability assessment that aim at taking into account
all life cycle phases of a product (e.g. extraction of the raw materials, pre-production
processes, production, consumption, and end-of-life). Though LCT was initially conceived for
products, it can also be applied to services. LCT is a helpful approach for sustainability
assessment mainly because of its comprehensiveness. This characteristic makes LCT a unique
perspective to detect potential shifts of economic, environmental and social burdens from one
phase of the life cycle to another, from a certain geographical area to another, and from one
sustainability issue to another (De Camillis et al., 2012).

Several methodologies and instruments for environmental assessment have been
developed so far under the LCT framework. Life Cycle Assessment (LCA) is the most known
method to assess the potential environmental impact of a product or service in terms of
individual environmental impact categories (e.g. global warming, human and environmental
toxicity, natural resource depletion, ozone layer depletion, summer smog, etc.) and along its
life cycle phases (De Camillis et al., 2012). Consoli et al. defined LCA as: ‘‘an objective
process to evaluate the environmental burdens associated with a product, process or activity
by identifying and quantifying energy and materials used and wastes released to the
environment, to assess the impacts and to evaluate opportunities to effect environmental
improvements.”’ This definition is consistent with ISO 14040, which stipulates that LCA
involves compiling data on inputs and outputs, and evaluating and interpreting environmental
impacts (Kuo and Chen, 2009).

As defined in 1ISO 14040:2006 and ISO 14044:2006 and presented in Figure 3.1, LCA

application process consists of four steps:

e Goal and scope definition,
e Life Cycle Inventory analysis (LCI),
e Life Cycle Impact Assessment (LCIA),

e and Life Cycle Interpretation

The goal and scope definition of an LCA identifies the objectives of the analysis and

provides a comprehensive description of the product system in terms of “functional unit” and
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“system boundaries”. The functional unit is a qualitative measure of a product or service
system’s performance that enables alternative goods or services to be compared and analyzed.
The system boundaries can be defined as unit processes linked to each other to perform one or
more defined functions. In addition, the environmental impact categories and assessment
methods are selected in this LCA step according to the purpose of the study (De Camillis, et
al., 2012).
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Figure 3.1 : Life Cycle Assessment framework (Lewis, 2013)

In this study, the life cycle is defined in the perspective of a vacation package, which
represents a tourism product (or tourism service). In accordance with the aim of the study, two
distinct functional units were introduced. Firstly, functional unit is defined as a trip of one
week undertaken by one tourist to the Canary Islands including transportation, which
constitutes a tourism product, and environmental loads were calculated per tourism product.
Such holiday in a 4 star hotel accommodation represents the average characteristics of a
vacation package at the particular destination. Secondly, the functional unit of one visitor
night was used. Calculating environmental loads per visitor night was necessary for additional
analysis that compared vacation packages with different duration.

The system boundary is regarded as the whole trip of one tourism product. In other
words, the life cycle of a vacation package starts when tourists travel to the destination and
ends at the point when tourists return to their original point of departure after finishing their
whole trip. That way, the system boundary for the holiday package in the Canary Islands was
established similar to other tourism LCA studies that followed the ‘door-to-door’ concept

suggested by Chambers (2004), which represents a ‘cradle-to-grave’ approach employed in
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LCA studies.
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Figure 3.2 : Life cycle of tourist experience (adopted from De Camillis et al., 2012)

Figure 3.2 shows one possible way to establish system boundaries. Though this way of
defining tourist experience life cycle can be a useful template to study some tourism forms, it
should be adjusted for the package holidays (De Camillis et al., 2012).

The reviewed holiday package system included all product stages or holiday travel
elements starting with the departure of tourists from home to their return. Travel to/from
airport in the origin country (Norway) is not a traditional element of a holiday package, as it is
usually organized by tourists independently, and it was therefore excluded from the scope of
analysis. The preparatory and post-return activities were excluded from analysis due to data
availability and the assumption of their insignificant contribution to the total GHG emissions
from a holiday package (Filimonau et al., 2013).

Once the goal and scope of the study have been defined, the next step in the LCA
process is to compile an inventory of the environmental loads potentially occurring along the
product or service life cycle. Life cycle inventory (LCI) is a methodology for estimating the
consumption of resources and the quantities of waste flows and emissions caused by or
otherwise attributable to a tourism product’s life cycle. Consumption of resources and
generation of waste (emissions) are likely to occur during each sector when tourists travel to,

stay at and leave from the destination. Hence, the whole travel process of tourists is regarded
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as the system boundary of the life cycle inventory in this study. (Kuo og Chen, 2009).

Inventory Analysis and Impact Assessment phases are the most important in the LCA
process as during these phases the majority of data are collected, processed and transformed
into results. Based on the LCI, impacts can be calculated using several different approaches
and software. In this study, LCA tool Arda was used to connect the LCI information with
relevant processes in the Ecoinvent database and to conduct impact assessment. The result of
the inventory calculation is normally a very long list of emissions and consumed resources. In
order to systemize and interpret the results, an LCIA procedure is necessary. Such procedure
implemented in Arda is the ReCiPe interpretation method that is aimed at transforming the
long list of LCI results into a limited number of indicator scores. These indicator scores show
the degree of impact on an environmental impact category. The ReCiPe method uses
indicators at two levels: eighteen midpoint indicators and three endpoint indicators (LCIA-
ReCiPe, 2014). In this study, the results were calculated for the eighteen midpoint impact
categories.

Requirements matrix allows quantifying the material inputs per unit of output between
the different production processes. The matrix consists of background and foreground where
the foreground specifies the requirements that are directly related to the functional unit and
the background matrix represents the requirements of all indirect or upstream elements in the
supply chain that can be called upon by foreground processes. These two matrices are
connected through the background to foreground matrix, thus establishing a model
framework. This framework allows measuring the impacts from the entire supply chain for a
given function or product based on intermediate requirements (Lewis, 2013).

Once the matrix is established, the following equation is used to calculate the total

output from all processes for a given final demand:

Ax+y=x
x=U-Ay™!
Where: L = (I — A)~1 or the Leontief inverse (Lewis, 2013)

The environmental impacts of a final demand are calculated based on a stressor matrix
that categorizes emissions per unit output. This matrix allows distinguishing the emissions
intensities between foreground and background. In addition, the characterization matrix can
be also established in order to convert emissions of different substances that have similar
environmental impacts into relative equivalents.

For example, impact of different GHG’s can be expressed through GWP 100
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measured in CO, equivalents (Lewis, 2013).
Having established stressor and characterization matrix, the next step is to derive total

impact which is expressed as

d =CSLy
It is also possible to divide total impacts by process or by stressor:
Dyro = CSLy
Dstr = CS/L\y
Figure 3.3 represents a nomenclature commonly used in LCA.
Sets pro Processes
str Stressors
imp Impact categories
Matrices | A (pro x pro) Matrix of inter process requirements
and y (prox 1) Vector of external demand of process
variables | x (prox1) Vector of outputs for a given external demand
L (pro x pro) The Leontief inverse. Matrix of outputs per unit of external
demand
F (str x pro) Matrix of stressor intensities per unit output
¢ (str x1) Vector of total emissions generated for a given external demand
E (str x pro) Matrix of emissions generated from each process for a given
external demand
C (imp x str) Characterization matrix
d (imp x 1) Vector of impacts generated for a given external demand
D,, (impxpro) Matrix of impacts generated from each process for a given
external demand
Dy (imp x str) Matrix of impacts generated from each stressor for a given
external demand

Figure 3.3 :LCA Nomenclature (adopted from Lewis, 2013)

The vacation package results in many environmental impacts and consumption of
various resources. Therefore, it is important to decide which indicators should be selected to
provide a simplified representation of environmental loads. In general, tourism represents a
composite service sector with three principal elements: travel, accommodation, and activities.
Environmental loads can arise from each of these three elements due to the consumption of
natural resources and the production of wastes. The selected indicators depend largely on
availability of data and purpose of the study.

Environmental impacts in all eighteen impact categories were calculated. The impacts
within climate change category were calculated specifically for various elements of the
holiday package as one of the aims of the study was to evaluate GHG emissions associated
with holiday travel. From this perspective, emissions generated from traveling to the
destination, and energy consumption by the hotel during tourists’ stay was expected to be the

most important.
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Life cycle inventory data for transportation included distances tourists travel by
airplane, coach and private car. In accommodation sector, the values for energy consumption,
electricity use, water demand, and solid waste discharge were analyzed.

In addition, a daily breakfast at the hotel was assumed and the inventory data on food
consumption were collected. Finally, tourist activities were evaluated in terms of GHG
emissions.

LCI of the product or service system analyzed makes a basis for Life Cycle Impact
Assessment step (LCIA), which aims at delivering the indicators that express the potential
environmental performance of the overall system analyzed. More specifically, LCIA includes

the following steps:

e Connecting environmental loads to the selected impact categories (classification step);
e Calculating figures of the impact category indicators selected in the goal and scope

definition (characterization step).

Such steps of LCIA as normalization, grouping and weighting were not performed in
this thesis. Finally, the Life Cycle Interpretation step aims to evaluate the outputs of the LCI
and the LCIA steps along the LCA application procedure. This step basically comes up with
considerations in relation to the goal and scope of the study, highlights the study limitations

and provides conclusions.
3.2 Data Inventory

3.2.1 Selecting Holiday Destination and Accommodation Type

Holiday package tour to Spain was selected as object of the study. The selection of the
tourist product and destination was based on the popularity of the destination. Although
Norwegian travelers choose various destinations around the world, recent survey conducted
by Virke shows that 94% of all vacation packages sold in Norway in 2013 were to European

destinations (Figure 3.4).

Totalt 1,25 millioner solgte pakkereiser i 2013 — gkning pa 4 prosent fra 2012

Afrika 43 183 -34 %
Asia 21 690 -70 % = Europa 94%
i 0,

Europa 1168 112 11 % = Afrika 3%

= Asia 2%
Nord-Amerika 4219 -15 % ] °

= Amerika 1%
Oceania 58 115 %
Soer-Amerika 5278 94 %
Totalt 1242 539 4 %

Figure 3.4 : number of vacation packages sold in Norway in 2013( Virke, 2014)
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According to Dagbladet Reise, in summer 2013 Greece was the top destination in
Europe for Norwegians that chose holiday package, having 277000 visitors, followed by
Turkey (260000 visitors) and Spain (168000). While Greece has seen almost 40% more
tourists as compared to Spain, it is emphasized that the popularity of this destination is limited
to the summer months (DagbladetReise, 2013). The same is applicable to Turkey, while Spain
including the Canary Islands is reported to be the destination that remains popular with
Norwegian travelers around the year. Figure 3.5 demonstrates that over 500000 vacation
packages to Spain have been sold in Norway in 2013, and the popularity of this destination
has been continuously increasing (Virke, 2014).

In Spain, the top destinations for package travel offered by Norwegian tour operators
include resorts in the Balearic Islands (Mallorca and Menorca), cities situated on Costa del
Sol (Malaga, Murcia and Alicante), Barcelona as well as the Canary Islands. In 2010, over
one million Norwegian tourists visited Spain, and 36% of them chose the Canary Islands as
their destination (VG, 2012).

996 000 solgte pakkereiser til syden i 2013:

600000 -
18 %

m 2006

500 000 -

400 000 -

300 000 -

Antall pakkereiser

200 000 -

100 000 -

Spania Hellas Tyrkia Italia

Figure 3.5 : Vacation packages to Spain, Greece, Turkey and Italy sold in Norway in 2013 (Virke,
2014)

The survey conducted by the Norwegian tour operator Star Tour in 2012 demonstrated
that Norwegians pay close attention to the hotel standard when it comes to their holidays. The
whole 31 % of respondents stated that they choose the hotel with a minimum standard of 4
stars (Startour, 2012).

Based on the information provided by travel surveys and with focus on the main
objective of the present study, which was to evaluate environmental impacts of a typical
vacation package from Norway, it was decided to choose a 4 star hotel in the Canary Islands

as an example for the case study. The choice of the destination affects all of the components
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of the vacation package, first and foremost the travel distance. At the destination, one needs to
account for specific properties that are typical for this location, when it comes to estimating
environmental impacts of accommodation facilities and tourist activities that are included in
the holiday package. For example, it is important to know whether the electricity for a hotel is
produced from renewable or non-renewable sources, or what type of fuel is usually used in
rental cars. This type of values is difficult to find, as they are very specific and require very
detailed information.

In addition, research on the climate change contribution of different elements of
holiday travel is limited (Chenoweth, 2009). The number of studies is small and their
geographical scope is narrow which hampers better understanding of the GHG emissions
attributed to different holiday choices in popular tourist destinations. Therefore the research
outcomes of existing studies cannot be directly projected onto other geographies as the carbon
intensity of fuels and energy production varies considerably from region to region. For
example, Becken (2002) and Becken et al. (2003) conducted their studies in New Zealand,
where electricity production is based to large extent on renewable energy (Becken and
Patterson, 2006). This suggests a lower carbon intensity of both electricity-driven transport
and energy use in hotels in New Zealand if compared to those European countries where the
role of renewables in national energy balances is less pronounced (Filimonau et al., 2014).
Some studies, such as the study by Chenoweth (2009), used the global average GHG emission
coefficients for converting the energy consumption in hotels and fuel combustion in vehicle
engines into carbon impacts. The applicability of the global average coefficients is limited
because of the clear geographical variations in carbon intensity. Furthermore, other studies
also rely upon outdated energy use data from the early and mid-1990s (see, for instance,
Becken and Patterson, 2006), which fail to account for technological developments
(Filimonau et al., 2014).

Therefore, the inventory data were collected specifically for chosen destination where
it was possible, especially for processes that were expected to have significant impacts in
terms of GHG emissions such as air travel and energy consumption in the hotel. Other values
were obtained from the literature and were assumed to be the tourism industry’s average for a

given type of accommodation and recreation activities.
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3.2.2 Travel

Basic data for transport processes are from the Ecoinvent database (Ecoinvent Centre,
2009). These each represent the average fleet of transport and includes not only the operation
of the means of transport, but also its construction and raw materials as well as the
infrastructure (road, airport, etc.) and maintenance. The air travel was a return flight from
Oslo to Gran Canaria calculated as Great Circle distance (TUI Travel, 2011). The Great
Circle method allows calculating the distance between the point of origin and destination from
a database of the airport longitude and latitudes providing a high degree of accuracy. Some
methodologies use a factor to adjust this distance to account for deviation from a perfect route
that may occur when the airplanes try to avoid severe weather conditions and stack around the
destination airport (Jardine, 2009).

Along with travel distance, the fuel consumption data are required in order to estimate
total amount of fuel burn for the flight and consequently calculate the emissions. These
largely depend on the assumption what type of plane would typically undertake a flight of
such distance. The flights are categorized in Ecoinvent into short/medium haul (intra-Europe
flights with distance of 500 km) and long-haul flights (6000 km). For the short/medium haul
flights an Airbus A320 passenger aircraft with a typical capacity of 150 seats is assumed
(Ecoinvent, 2007). The respective process selected from Ecoinvent database was transport of
passenger aircraft within Europe, although the flying distance from Oslo to Gran Canaria is on
average 50% longer than to other popular European destinations such as Rhodes and
Mallorca. Distances from Norway to popular destinations and fuel consumption are presented

in Figure 3.6.
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Popular destinations - fuel consumption in litres/pax
Base: 2009/2010 figures and great circle distance, 100% load factor

Stockholm Km B737-800 B757-200 B767-300
To Mallorca 2477 61,6 65,5 71,8

To Rhodes 2687 66,8 71 779

To Gran Canaria 4337 107,8 114,6 125,7

To Phuket 8694 - - 252
Copenhagen Km B737-800 B757-200 B767-300
To Mallorca 1931 48 51 56

To Rhodes 2435 60,5 64,4 70,6

To Gran Canaria 3805 94,6 100,6 110,3

To Phuket 8995 - - 260,7
Oslo Km B737-800 B757-200 B767-300
To Mallorca 2369 58,9 62,6 68,7

To Rhodes 2910 72,3 76,9 84,3

To Gran Canaria 4105 1021 108,5 119

To Phuket 9075 - - 263
Helsinki Km B737-800 B757-200 B767-300
To Mallorca 2777 69 734 80,5

To Rhodes 2668 66,3 70,5 773

To Gran Canaria 4700 116,8 124,2 136,2

To Phuket 8312 - - 240,9

Figure 3.6 : Distances from Scandinavian capitals and fuel consumption on flights to popular
destinations (TUI Travel, 2011)

The data on the bus transfer was also extracted from TUI Nordic report and assumed a
return journey of 50 kilometers from the airport in Gran Canaria to a hotel in the city center.
The corresponding Ecoinvent process was transport by coach in Europe. Both air travel and
bus transfer is expressed in passenger- kilometers which excluded the need for applying the

load factor (i.e. to account for occupancy of the vehicle).

3.2.3 Accommodation

Apart from traveling to the destination, the other important component of holiday
package under evaluation was a hotel stay. As mentioned in section 3.2.1, a 4 star hotel was
selected to represent a typical accommodation in Gran Canaria. In accordance with the aim of
the study and defined functional unit, the calculations were performed either per person per
night (electricity consumption and cleaning services) or per person per 7 nights stay (laundry
services). These values were assumed irrespective of the hotel accommodation size and the

number of persons sharing the room, i.e. the same assumptions would apply to a facility that
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could accommodate 30 guests or to the one accommodating 100 guests. Rather, the hotel
category was to influence some of the foreground processes such as energy and water
consumption, and cleaning and laundry. As conducting a survey to collect the data for a
specific hotel was not within the scope of this thesis, the inventory data were mostly obtained
from open sources and extracted from various research articles. As the number of studies
focused on life cycle assessment of holiday is low the data availability was quite limited.

The energy consumption of a hotel includes electricity consumption for lightning, air
conditioning, dishwashers, fridge, lift, TVs, computers, etc.). The Ecoinvent process was
selected as electricity mix in Spain. The data on electricity consumption varied greatly
between different sources, being as low as 15 kWh per visitor night according to TUI Nordic
sustainability report (as a goal for all TUI Blue Village hotels) to 40 kWh per visitor night. It
was therefore decided to consider electricity consumption of 25 kWh per visitor night. In
addition, heating was estimated at 5 kWh per guest night (TUI Travel, 2011). The electricity
used for the laundry services was accounted for separately.

The foreground processes also included detergents consumption and laundry service
that was estimated in KWh per person per laundry. The hotel quality standards state that in a 4
star accommaodation cleaning of the guest rooms is performed daily, and bed linen and towels
are replaced at least twice during a one-week stay (or every three days). These standards were
adopted as reference for the hotel stay (Hotel Services, 2011).

Clearly, cleaning and laundry services are not provided individually to each visitor by
the hotel, but are performed according to schedule and in amounts depending on the number
of guests. As it was not possible to establish separately exact amount of cleaning materials
and laundry detergent used per guest per night, the inventory data from Castellani et al. was
adopted. It was assumed 0.14 kg of detersives and detergents per person per night, and 0.16
kWh per person per laundry service. One vacation package of 7 nights would therefore
require 7 detersive and detergent processes and 2 laundry services (based on the assumption

that bed linen and towels are replaced at least twice a week).

3.2.4 Food Consumption

The environmental impacts of food are difficult to estimate, because the eating habits
vary from person to person. The strains of the daily diet depend on many factors. For
example, it is important to consider the proportion of meat, dairy and frozen products, how
often exotic products are used, number of hot meals per day, etc. However, the number of

meals per day outside home can be distinguished, for example the meals eaten on the
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restaurants. Depending on the activity, climate and type of holiday a different number of
meals per day can be included in the calculation.

The tour operators in Norway offer various vacation packages, from so called “flight
plus hotel” to all-inclusive holidays. Most offers allow tourists themselves to decide if they
want to have meals included in their stay. For this study, the assumption was made that only
one daily meal - breakfast, is included in the vacation package, and it would be provided by
the hotel. The choice was made based on two assumptions. Firstly, all-inclusive packages
constitute a relatively small share of vacation packages sold in Norway. Tourists most often
would select the cheapest available option, which only includes flight and accommodation.
Secondly, it was assumed that most tourists will have breakfast every day during their
vacation, and it is likely to happen at the hotel since a 4 star hotel standard assumes a
restaurant and a buffet breakfast. Besides, it seemed unreasonable to assume that tourists will
go to local cafes or restaurants specifically for breakfast. Therefore, a hotel stay with daily
breakfast was considered as basis for this study.

The values for food consumption were taken from Castellani and Sala (2012) for a 4
star hotel. A number of food items were selected that are typically included in breakfast, and
consumption measured in kg per person per night in a 4 star accommodation. The items
included in the inventory were bread, milk, cheese, vegetable spread (as the emissions data for
butter were not available), fruit and vegetables, vegetable oil, and coffee and tea. As
explained by Castellani, the data were expressed “per tourist per day”, i.e. the amount of food
that each tourist consumes during one day of stay at the destination. In general, data were
collected from local data sources and tourist related statistics. However, for some
consumption categories (e.g. food and waste) specific data for tourism were not available, so
the average consumption of one tourist was approximated to the average consumption of local
people (assuming that a tourist usually tries to consume what is locally available). Data about
food were derived using official regional statistics about household expenditures and collected
data about average food price (Castellani, 2014). It can be argued that such approach can
provide very approximate values for food consumption in hotels, and especially if only
breakfast is considered. Nevertheless, these values can help generally understand
consumption patterns.

Further, the impacts data were derived from various sources for different food
products. The literature research showed that the data on CO, emissions from food products
varies a lot between sources and are quite limited. At the same time, no comprehensive

research on other GHG emissions was found in literature. Therefore, it was decided in present
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study to only include impacts from breakfast in the climate change category. Few studies used
LCA method to estimate CO, emissions from food production. For some of the food products
values from the LCA Food database were used, while others were taken directly from the
literature. Finally, it was modeled in the way that the impacts from all food products were
summarized and gave the resulting impact for one breakfast per person per night. Table 3.1,
presents the food items included in inventory and corresponding CO, emissions per kg of
product.

Additional important factors are for the leftovers. Presumably, in all-inclusive
offerings, in which the food is available the whole day mostly through a buffet, more food
leftovers remain accumulated as compared to the restaurants or at home. Some studies
estimate that additional food scrap would be around 15%. However, in this study it was
decided that food leftovers would be insignificant as it was only one meal per day and are

assumed to have been included in the food consumption data.

Product Unit Consumption Kg CO; eq/kg Source
hotel 4*
Bread Kg 1.25E-01 0.84 LCA Food,
2007
Milk Kg 1.06E-01 1.5 Flysjo, 2012
Cheese Kg 1.67E-02 9.8 Flysjo, 2012
Eggs Kg 7.20E-03 5 Vries and de
Boer, 2010
Vegetable oil Kg 1.53E-02 3.83 LCA Food,
2007
Fruits & vegetables Kg 2.64E-01 0.82 Gossling et al.,
2011
Coffee, tea & cacao Kg 8.54E-03 17 Curran, 2012
Sugar Kg 2.11E-02 0.96 LCA Food,
2007
Detersives & Kg 1.40E-01 - -
detergents
Laundry services kWh 1.60E-01 - -

Table 3.1 : Food consumption for breakfast and corresponding CO, emissions per kg of food
product (Castellani and Sala, 2012)
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3.2.5 Tourist Activities

The carbon footprint from tourist activities has never been holistically assessed
(Becken and Simmons, 2002), predominantly due to difficulties with data collection and
systematization. Another reason is the small relative contribution of tourist activities to the
total carbon footprint from tourism, circa 3-5% (UNWTO, 2007a cited in Filimonau et al.,
2013). The two studies found in the literature that attempted to evaluate environmental
impacts from tourist activities used similar approaches to data collection. Filimonau et al.
(2013) conducted a tourist survey among 43 participants upon their departure, including
questions about day-to-day activities undertaken by participants during their stay. Kuo and
Chen (2009) also used a tourist survey when studying tourist activities of visitors to Penghu
Island. In the present study, the tourist activities were selected from the list provided by The
CarboNZero travel and tourism calculator (Landcare research, 2010) and the number of
tourist activities per vacation package was assumed similar to the study of Filimonau et al. for
holiday package in Algarve. This is because both studies looked into impacts from holiday
package at the beach destination in the same geographical region; therefore the tourist
activities were assumed quite similar. The holiday package in Algarve was for duration of 10
days, which is also comparable with the length of stay considered in this thesis. The overview
of the tourist activities is presented in Table 3.2.

Emissions derived from Landcare research are all GHG emissions that are converted
to carbon dioxide equivalents. Although the CarboNZero travel and tourism calculator
assumes that most of the emissions measured for travel, accommodation and activities are
carbon dioxide, it accounts for other relevant greenhouse gases as well (Landcare research,
2010).

Visits to the beach are usual part of the tourist stay at the seaside destinations.
Although it does not entail any direct GHG emissions, getting to/from the beach does. It can
also be assumed that tourist use local transport for other activities such as going to the
shopping mall. Therefore, it is necessary to include such process as transport related to tourist
activities to assess the whole magnitude of impacts associated with a vacation package. As the
direct measurement at the specific location was not possible, the values for this were obtained

from case study conducted by Filimonau et al. for holiday package in Algarve.
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Tourist activities Number of Kg CO;eq/visit Source
visits/km
Aqua park 1 1.5 Landcare research,
2010
Dining out 2 1.3 Filimonau et al.,
2011
Shopping 1 0.6 Landcare research,
2010
Water activity, boating 1 15.31 Landcare research,
2010
Nature activity, hiking 1 1.65 Landcare research,
2010
Beach 2 0 Filimonau et al.,
2013
Car rental 50 km Filimonau et al.,
2013
Transport related to Coach = 35 km; Filimonau et al.,
tourist activities bus = 21 km; 2013
taxi = 14 km

Table 3.2 : Tourist activity and GHG emissions in kg CO2 equivalents

Finally, car rental as a typical tourist activity was also included in the assessment. The
relevant Ecoinvent process was transport of passenger car expressed in passenger-kilometers.
This way it was assumed that the car was used by one tourist and total environmental loads
associated with car rental were calculated per tourist per vacation package. It is acknowledged
that the total number of kilometers driven can vary significantly depending on location and

needs of tourists. For purpose of present study, an average of 50 km was assumed.

3.2.6 Data Inventory Limitations

The comprehensiveness of data attributed to different elements of the reviewed
holiday package varies. The emissions from transport were appraised holistically and in full
detail as most of input data were readily available. The assumptions were made regarding
airport transfer distance and distances covered with rental car, however it was expected that
these elements would only contribute a small share to the overall impact. The emissions from
air travel did not include the radiative forcing effect as it is not accounted for in Ecoinvent
database. However, the radiative forcing effect and its magnitude will be discussed in more
detail in the following section.

The assessment of environmental impacts from a hotel stay is less rigorous. First of
all, the values for the energy consumption of a hotel are rather approximate. For example, the
variation for electricity consumption is from 15 kWh/visitor night (as reported by TUI travel
for the group’s own Blue Village hotels) to 44 kwWh/guest night (Scandic, 2014). The data for
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heat consumption were very limited. Theoretically, for a comprehensive appraisal of energy
requirements of a holiday package it is necessary to obtain specific figures directly from hotel
energy bills or such.

Further, only the operation phase of the hotel was considered. This implies that
emissions from construction and dismantling stages of the hotel building life cycle were not
taken into account. This limitation is due to data availability but also because the main focus
of assessment was a holiday package purchased by a tourist, and inclusion of hotel structure
into LCA could expand the system too far thus generating problems of allocation. In the
processes associated with the hotel stay only use phase of the machinery. Omitted were for
example manufacturing phase of laundry machinery, equipment or furniture at the hotel
(Castellani and Sala, 2012).

The data found for tourist activities appraisal cannot be considered exhaustive.
Studies found in the literature did not have a holistic approach to measuring environmental
impact from tourist activities. Most researches attempt to measure energy consumption of
different activities per tourist and consequently calculate GHG emissions (Becken, 2001; Kuo
og Chen, 2009). For the purpose of this thesis, such approach was not considered feasible. At
the same time, conventional LCA of tourist activities using available software was not
possible because the necessary processes are missing from the Ecoinvent database.

Finally, the impact assessment for all of the impact categories was not conducted for
all of the foreground process included into the system. The food consumption in form of
breakfast and the tourist activities (except the car rental process) was only modeled in terms
of GHG emissions.
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4 Results and Discussion

4.1 Contribution of Various Elements of a Vacation Package to Climate
Change

As part of the analysis it was decided to evaluate the contribution of various elements
of the holiday package specifically to climate change category. As explained in methods and
data section , the vacation package can be broadly categorized into transportation, hotel stay
and tourist activities. Each of these elements was further subdivided into a few processes as

Vacation package

Transportation Hotel Stay Az?il\J/ir'LiS;s

Electricity
consumption

shown in Figure 4.1.

Aqua park

Air travel e . Dining out
eaning services .
Coach transfer g Shopping

Laundry services Car rental

Local transport

Waste production etc.

Breakfast

Figure 4.1 : Overview of a vacation package

Figure 4.2 demonstrates percentage contribution of the different elements to total
GHG emissions from the vacation package. In order to deliver more representative results,
GHG emissions from different sub-elements were summarized. As calculated by the present
study (see Appendix), one vacation package of 7 nights in the Canary Islands with stay at the
4 star hotel with breakfast generated a total of 1566.4 kg CO, eq GHG emissions. When the
distribution of emissions across different elements of holiday package is examined, the
analysis suggests that 88% of this is attributable to air travel to/from the destination. This
value is in accordance with other studies, which concluded that at least 70% of total GHG
emissions generated from holiday package come from getting to/from the destination
(Filimonau et al., 2013, Castellani and Sala, 2012).

Air travel is followed by the hotel stay that generates around 158.9 kg CO2 eq (10 %
of the total GHG emissions). The emissions were calculated for the hotel stay inclusive of
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electricity consumption, heating, laundry services, cleaning services, water consumption,
waste disposal, and breakfast. This share of 10% is comparable with the ones found in the
literature (see, for example, Filimonau et al., 2013). However, comparison of both absolute
and relative values with other studies can be problematic. Firstly, emissions generated from
the hotel stay depend heavily on the duration of the holiday package. The longer stays result
in higher total electricity consumption, higher demand for cleaning agents etc. if the whole
vacation package is accounted for. This is confirmed by the sensitivity analysis presented later
in this section that compared emissions from three vacation packages for duration of 7, 10 and
14 nights (Table 4.1). Secondly, different studies include or exclude certain data based on the
data availability or the purpose of the study. For example, Filimonau et al. did not account for
waste generation in their analysis of the vacation package. The reason for this was that the
data were not available for the specific accommodation unit under review. In this project, the
waste produced by the hotel itself was not considered, however an average value from the
literature was used for waste generated by tourist during their stay.

Contribution to climate change, %

2%

M Air travel
B Hotel stay

Tourist Activities

Figure 4.2 : Contribution of various elements of the holiday package to climate change category,
%

It should be acknowledged though that amounts of waste could vary between
accommodation types and countries, as well as depending on the nature of the vacation
package. If “all-inclusive” hotel is considered, the food wastage can be more significant.
Therefore, figure for emissions associated with waste production cannot be considered precise

but is still representative.
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Destination/  Length of Total CO, Share CO, Share CO, Share

distance stay flight Hotel stay CO,
Tourist
Activities
Canary 7 nights 1566,359 1370.2 158.9 37.3
Islands (88%) (10%) (2%)
4105 km
Mallorca 10 nights  1053,874 790.7 223.2 37.3
2369 km (75%) (21%) (4%)
Mallorca 14 nights  1143,171 790.7 312.5 37.3
2369 km (69%) (28%) (3%)

Table 4.1: GHG emissions from vacation packages of 7, 10 and 14 nights, kg CO2 eq

The results of the analysis also confirm that the share of tourist activities in the total
impact from holiday package is rather insignificant. In this case, it constituted only about
2.2% of the total GHG emissions. Importantly, almost half of these originate from
transportation represented by car rental and use of local transport. Although this figure is in
agreement with scientific literature (see Filimonau et al., 2013), the share of tourist activities
can lower or increase. Firstly, this process can be represented by many different activities,
which are less or more carbon intensive. Secondly, it is challenging to select specific activities
for the study as they vary greatly depending on the destination, holiday budget and personal
preferences of tourists. For example, extended car rental or frequent participation in
motorized water activities can significantly increase the share of GHG emissions from this
element. However, given that the relative contribution from tourist activities is low, it was not
considered feasible to extend the analysis changing the types of activities or their frequency.

Finally, another important outcome of the study was that airport transfer at the
destination did not have any significant contribution to total GHG emissions from the holiday
package as compared with other elements. It represented less than 0.5% of the total GHG
emissions and therefore was omitted in the graphical representation of results. Though
traveling to the airport in departure country was excluded from the analysis, it can be

expected that the effect of this element would be also negligible.

4.2 Contribution of Different Processes to Various Impact Categories

Figure 4.3 provides an overview of the contribution of various processes to different
impact categories. Predictably, air travel contributes more than 50% to most of the impact

categories, with the highest impacts (more than 80%) occurring in ozone depletion, fossil
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depletion, climate change, natural land transformation, and photochemical oxidant. Another
important process is electricity consumption during hotel stay, which contributes circa 85% to
water depletion, over 75% to freshwater eutrophication, almost 90% to ionizing radiation,
around 60% to human toxicity and over 40% to agricultural land occupation. It can be noted
that waste disposal has significant effect in two impact categories, freshwater ecotoxicity
(contributing around 40%) and marine ecotoxicity (30%). The results show that detersives and
detergents used for cleaning at the hotel contribute significantly (over 40%, in similar
proportion as air travel) to terrestrial ecotoxicity and have similar share of impact as

electricity consumption in agricultural land occupation impact category.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90 % 100 %

Agricultural land occupation
Fossil depletion

Freshwater eutrophication
lonising radiation

Marine eutrophication
Natural land transformation
Particulate matter formation
Terrestrial acidification

Urban land occupation

M Air travel M Airport transfer
M Electricity consumption B Water consumption
B Detersives and detergents M Laundry services
M Breakfast B Waste disposal
Car rental M Heating
M Tourist activities Transport related to tourist activities

Figure 4.3 : Relative contribution of foreground processes to different impact categories

At the same time, airport transfer, processes related to hotel stay such as water
consumption, laundry services and breakfast, as well as tourist activities contribute
comparatively little (less than 5%) to most of the impact categories. The contribution analyses
demonstrates that the highest impacts in ten of the impact categories come from transportation
element of the vacation package in form of air travel, followed by car rental process, while
airport transfer and use of local transportation at the destination are negligible. The hotel stay
contributes significantly to eight impact categories out of eighteen, in form of electricity
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consumption, waste disposal and the use of detersive and detergents. The impacts from
transport element of the travel package are naturally associated with climate change, fossil
fuels and metal depletion, and air pollution, while staying at the hotel mostly depletes land

and water resources.

4.3 Structural Path Analysis

Structural path analysis has been conducted using Arda software for several impact
categories. As reported in section 4.2, the highest impact to most of the categories is from air
travel. The analysis has demonstrated that in climate change category 75% of the total GHG
emissions from the vacation package arise from operation of the passenger aircraft. Hard coal
burned in power plant in electricity consumption accounts for more than 4% of the total GHG

emissions.

Climate change, Hierarchist, GWP100

M operation, aircraft,
passenger, Europe/ RER/
pkm

® hard coal, burned in
power plant/ ES/ MJ

Figure 4.4 : Climate change, Hierarchist, GWP 100

At the same time, agricultural land occupation, freshwater ecotoxicity, terrestrial
ecotoxicity and water depletion are dominated by other processes.

Structural path analysis has demonstrated that detersives and detergents are
responsible for just over 40% of the total impact in agricultural land occupation category. Of
this, almost 28% of the impact comes from harvesting of coconuts used for production of
coconut oil while 7.5 % from processing palm fruit bunches at farm. Electricity consumption
process takes around 50% of the impact in agricultural land occupation. This impact arises
from hardwood (20%) and softwood (11%) standing, in forest. Part of the hardwood is further

turned into hard coal burned in power plant for electricity production. 17.8% of the impact
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from hardwood and softwood in form of wood chips mix from industry which is further

delivered to produce electricity at cogeneration.

Agricultural land occupation,
Hierarchist, ALOP100

B husked nuts harvesting, at
farm/ PH/ kg

B hardwood, standing, under
bark, in forest/ RER/ m3

softwood, standing, under
bark, in forest/ RER/ m3

M palm fruit bunches, at
farm/ MY/ kg

m Rest of the processes

Figure 4.5 : Agricultural land occupation, Hierarchist, ALOP100

Freshwater ecotoxicity is approximately equally affected by air travel, electricity
production and waste disposal. As shown in Figure 4.6 & Figure 4.7, 24% of the total impact
arises from disposal of municipal solid waste to sanitary landfill, and 14.2 % from disposal of
municipal solid waste to municipal incineration, thus making waste production responsible for
almost 30% of the impact. Due to electricity consumption by hotel, 9.24% of the impact
comes from disposal of spoil from lignite mining, in surface landfill, and 5.03% from disposal
of spoil in coal mining in surface landfill from production of hard coal in mine. Air travel
contributes to freshwater ecotoxicity with 7.39% coming from discharge of produced water on

shore from crude oil production.
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Freshwater ecotoxicity, Hierarchist,
FETP_H

M Disposal, municipal solid waste,
22.9% water, to sanitary
landfill/ CH/ kg

B Disposal, municipal solid waste,
22.9% water, to municipal
incineration/ CH/ kg

m Disposal, spoil from lignite
mining, in surface landfill/ GLO/
kg

M Discharge, produced water,
onshore/ GLO/ kg

M Disposal, spoil from coal mining,
in surface landfill/ GLO/ kg

Figure 4.6 : Freshwater ecotoxicity, Hierarchist, FETP_H

As displayed in Figure 4.7, terrestrial ecotoxicity is mostly affected by air travel
process, where 34.8% of the impact occurs due to disposal of drilling waste to landfarming
from well for exploration and production due to crude oil production to derive kerosene which
serves as fuel for airplanes. Another significant impact occurs due to use of detersive and
detergents, where 28.9% of the impact comes from palm fruit bunches processing at farm,
used to derive palm kernel oil and palm oil, the most important components of fatty alcohol
sulfate mix which is used as basis for detergent production. Operation of the aircraft is
responsible for 7.2 % of impact to terrestrial ecotoxicity, while electricity consumption
contributes 6.7% through disposal of wood ash mixture to landfarming.

Terrestrial ecotoxicity, Hierarchist,
TETP_H

H disposal, drilling waste, 71.5%
water, to landfarming/ CH/ kg

® palm fruit bunches, at farm/ MY/
kg

M operation, aircraft, passenger,
Europe/ RER/ pkm

M disposal, wood ash mixture, pure,
0% water, to landfarming/ CH/ kg

| discharge, produced water,
onshore/ GLO/ kg

M Rest of the processes

2%

Figure 4.7 : Terrestrial ecotoxicity, Hierarchist, TETP_H
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Finally, in water resource depletion category (Figure 4.8) 61.5 % of the total impact

occurs due to that electricity consumed is produced from hydropower resources.

Water depletion, Hierarchist,
WDP100

M electricity, hydropower, at
run-of-river power plant/
RER/ kWh

B electricity, hydropower, at
reservoir power plant, non
alpine regions/ RER/ kWh

m electricity, hydropower, at
run-of-river power plant/
CH/ kWh

M Rest of the processes

Figure 4.8 : Water depletion, Hierarchist, WDP100

4.4 Direct and indirect GHG emissions from air travel

The results showed that for the holiday package under review the total GHG emissions
generated by air travel were 1370 kg CO; equivalents, of which 1175 Kg CO, equivalents, or
around 85% were direct emissions. Direct emissions are those associated with the use

phase/operation of a product or service.

GHG emissions from air travel,
kg CO, eq

M Direct W Indirect

Figure 4.9 : Direct and indirect GHG emissions from air travel
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The indirect emissions arise from the non-use phases of a product or service life
cycle; it is also included in the capital goods and infrastructure necessary to extract, transport
and refine raw materials, manufacture a product or service, deliver it to a final user, regularly
maintain and finally dispose of it. Analysis of both direct and indirect GHG emissions
represents the “well-to-wheels” approach to environmental assessment of the fuel chain.

In the case of tourism transport the direct GHG emissions originate from vehicle’s
operation, i.e. fuel combustion in the aircraft’s engine (Filimonau, 2013). The aircraft
operation component in Ecoinvent database contains all the processes that are directly
associated with the operation of the aircrafts. The indirect processes are further distinguished
into processes that summarize environmental impacts from aircraft fleet and airport
infrastructure processes. (Ecoinvent, 2007). Indirect GHG emissions also arise from the non-
operational phases of the fuel life cycle, i.e. fuel production, storage, delivery and distribution
(Filimonau, 2013).

The aircraft fleet as presented in Ecoinvent contains processes describing the vehicle
life cycle (except the operation phase) such as manufacturing of the aircraft and parts, aircraft
maintenance and support as well as disposal of aircrafts and parts. The factual data are limited
to production of aircrafts, while operation and maintenance data are part of the airport
infrastructure component. Besides, the disposal of aircrafts has not been taken into account
due to its presumably low share in total environmental impact and because of limited data
availability regarding disposal of aircrafts. The passenger aircraft fleet for short and medium
haul transport is represented by Airbus A320 with a typical capacity of 150 seats (Ecoinvent,
2007).

The airport infrastructure sub-component comprises stages of the airport infrastructure
life-cycle including airport construction, airport operation and maintenance as well as airport
dismantling. Expenditures due to airport construction, maintenance and demolition are
included. Airport operation component includes data regarding clearing services and
infrastructure expenditures within the area of the airport. Air traffic related activities (traffic
to and from the airport) and infrastructure (operation of multi-storage car parks for passengers
and airport stuff) were not accounted for.

Clearing of the aircraft is associated with various transport services for which a variety
of vehicles are used. Whilst both conventional road vehicles and airport specific vehicles are
in operation, the life cycle data for the latter are not available.

Therefore, the emission data only represent operation emissions. In addition, the
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yearly diesel consumption was accounted for to obtain emissions of the fuel chain. Aircraft
clearing also included emissions data from de-icing activities for both sealed area and aircraft.
Finally, the airport operation and land use have been considered. Operation of the airport
requires heat and electricity consumption for buildings and aircraft maintenance. According to
Ecoinvent, most of the heat consumed at the airport is generated on site using natural gas and
oil. In addition, water consumption, wastewater and waste disposal were included.

Air transport is a special sector where operational lifetime of an aircraft is relatively
long and the vehicles are used extensively. For example, the average service lifetime of a
typical passenger Boeing 737 aircraft is about 25-30 years (Boeing, 2013). This implies
frequent refurbishments and renovations, which will also results in significant GHG
emissions. Just like any other infrastructure, airports have even more extended lifetime and
therefore are even more likely to undergo more regular and substantial renovations.

The aircraft fleet and airport infrastructure include processes with numerous interfaces
to other Ecoinvent unit processes (materials and energy). Therefore, the environmental loads
associated with these processes are calculated when these data are linked to the referring
processes in the Ecoinvent database. These loads are often referred to as indirect
environmental impacts of transportation (Ecoinvent, 2007).

The Ecoinvent database is limited to the processes mentioned above. However, it is
possible to distinguish other components that can result in indirect GHG emissions. For
example, it is possible to consider operation of an airline, electricity use in company’s offices,

etc.

4.5 Comparing GHG emissions from electricity consumption of different

vacation packages

Bulgaria  Spain  Portugal Greece China Brazil

Distance, 2189 2369 2872 2910 8578 10421
km

Total GHG, 1108.9 1053.9 1299.1 1492 2505.9 2415.8
kg CO; eq

GHG from 730.7 790.7 958.6 971.3 1843.5 2239.6
air travel

GHG from 315.3 200.2 277.5 457.7 599.8 113.6
Electricity
consumption
Table 4.2 : Overview of GHG emissions from different vacation packages
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The LCA of the holiday package has demonstrated that the greatest impacts in terms
of GHG emissions arise from air travel followed by the hotel stay in the form of electricity
consumption. Initially, Spain was selected as holiday destination as to demonstrate the
impacts of a “typical” vacation undertaken by Norwegian tourist.

Further, it was considered relevant to find out how the magnitude and composition of
GHG emissions would change if other destination were selected. Expected were changes in
GHG emissions from air travel due to variation in flying distance as well as in GHG
emissions in electricity consumption. Therefore, the impact calculation was carried out for a
few countries normally popular with Norwegian tourists. Compared were Portugal, Greece,
Bulgaria, China, Brazil and Spain. While China and Brazil do not represent typical holiday
destinations, they were included as examples of long haul travel since no relevant processes
are available in Ecoinvent for Thailand and Mexico, which would make a more relevant
choice. It was considered useful to conduct the impact assessment of the long haul
destination as it demonstrated the magnitude of aviation emissions. The other elements of the
vacation package were not altered, as their impact was already found insignificant. The
duration of the holiday was set at 10 days for all packages.

On the contrary, the GHG emissions associated with electricity consumption at the
hotel demonstrated significant variation between the countries. Emissions from electricity
consumption were the highest in China and the lowest in Brazil. It is a well-known fact that
China relies heavily on fossil fuels, and 66% of the electricity production in the country
comes from coal (US EIA, 2014). Therefore, GHG emissions are linked to coal mining and
burning of coal in power plants. Interestingly, electricity consumption of the hotel in Brazil
appeared to be lower than in European destinations. This can be explained by the fact that
hydropower accounted for 80% of electricity generation in Brazil, with only smaller amounts
coming from fossil fuels, nuclear, other renewables and other fuel resources (US EIA, 2014).

Among European countries, electricity consumption of the hotel in Greece generates
457.7 kg CO2 eq. This value is 40% higher than for Portugal, and 56% higher than for Spain.
The reason for such difference is the primary energy source that is used in a country for
electricity production. In Greece, 45.1% of electricity was produced from coal in 2010, while
the share of hydropower was only about 11% (Trading Economics, 2014). At the same time,
according to Eurostat, 2011, in Portugal 53.2% of electricity came from renewable energy
sources. The newer data are available for Spain, which reported 54% of electricity from

renewable energy sources, mostly wind power, in 2013 (Clean Technica, 2013). In Bulgaria,
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48.5% of electricity was produced from solid fuels, followed by nuclear power (32.7%), while
renewable energy sources constituted only 13.8% (Eurostat, 2011).

4.6 Sensitivity to Distance Flown

The results of impact assessment revealed that total GHG emissions are about two
times higher for long haul travel than for European destinations, naturally due to longer flying
distance. The European destinations under review have approximately the same flying
distance from Oslo, therefore the emissions from air travel were comparable. However, the
results have also demonstrated that there is no linear dependence between the distance of the
flight and GHG emissions.

The average energy consumption and hence emission strongly depend on aircraft size
and flight distance, since the energy consumption is the highest in the start phase (Ecoinvent,
2007). The fuel burned by an airplane is attributed to different sections of the flight, which

each use fuel at different rates (Figure 4.10).

L e
-5 A

1 >_ LTO-cycla
/ Taxi /idle Taxi /idle /
iy

Figure 4.10 : Phases of flight of aircraft (adopted from Jardine, 2005)

Emissions occur during different phases of the flight. Firstly, the so called landing and
take-off cycle (LTO), which comprises all activities near the airport that take place below the
altitude of 1000 m. This includes taxi-out, take-off and climb out, and at the end of the flight
the landing approach and taxi-in. This is the fuel required by the aircraft to go into the air and
down again, and the amount is constant irrespective of the flight length. The specific fuel
consumption is significantly higher during LTO phase, as ascents require much more intense
fuel burn than cruising at constant altitude. Secondly, the climb, cruise and descent cycle
(CCD), which is defined as all activities that take place at altitudes above 1000 m. This fuel
use accounts for the bulk of the flight distance, and directly depends on the flight length
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(Jardine, 2005).

There is a difference in share of LTO of the total trip length for short-medium and for
long-haul flights. The Ecoinvent transport report suggests that for an intra-Europe flight of
500 km distance, around 40% of fuel is consumed during LTO phase. For an intercontinental
flight of 6000 km this share drops to around 4.5% (Ecoinvent, 2007). For example, this can
explain the fact that though flying distance to Brazil is 3.62 times longer than to Portugal, the
CO2 emissions from the flight are only 2.33 time s higher. Another example is provided by
Jardine, 2009 that studied the dependence of CO2 emissions per seat for different plane types

and distance flown (Figure 19).

1200 -
1000 - — Airbus A310
— Airbus A320
— Airbus A330
= 800 — Airbus A340
] — Boeing737-400
@ —_ Boei .
% 600 _ Boe!ng 747-200
o — Boeing 747-400
% — Boeing 757
= 400 - Boeing 767
—DC9
DC10
200 - — Fokker 100
0 T T T T T 1
0 2000 4000 6000 8000 10000 12000

Distance flown (km)

Figure 4.11 : Emissions per seat as function of distance for different plane models (adopted from
Jardine, 2009)

Figure 4.11 shows that the relationship between emissions and distance travelled for a
specific plane type is not linear. This is due to emissions associated with take- off part of the
flight. As a result, short flights have a much higher emissions per km flown as a greater
proportion of emissions arise from take-off section of the flight (Jardine, 2009).

These variations are accounted for in Ecoinvent through having two different
processes for intra-Europe and intercontinental flights. However, the choice of the distances
in Ecoinvent is debatable. It seems unreasonable to assume a distance of 500 km for all intra-
Europe flights. While it is valid for flights between major cities in Central Europe, the other
points on the European continent are more remote from each other. It could help improve the
accuracy of the impact assessment if values for medium-haul flights (up to 3500 km) were
added.
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Another issue here is the composition of the flight fleet. Emissions strongly depend on
the chosen plane model because the variation in efficiency of different airplanes can reach the
factor of 2 for the most and least efficient plane flying the same distance. Assumptions based
on older datasets are likely to lead to an overestimate in emissions as newer, more efficient

planes are no represented (Jardine, 2009).

4.7 Effects of Aviation on Radiative Forcing and Climate

Emissions from different types of vehicles (cars, trains, ships and aircraft) interact
with atmosphere in a complex manner. In addition to carbon dioxide, which is stable
greenhouse gas, nitrogen oxides, carbon monoxide and organic particles are emitted to the
atmosphere. These species are highly reactive and do not persist for long in atmosphere but
they affect the concentration of long living greenhouse gases such as ozone and methane.
Additionally there are short living substances like black carbon and sulfur dioxide which
contribute to contrail formation and might have a radiative effect. Atmospheric emissions
from air transport influence the stratospheric water vapor concentration that affects the
formation of cirrus clouds (Lee et al., 2009).

Owing to different lifetimes of these emissions, they affect the climate on different
timescales. The complex and complicated interaction mechanisms influence the atmosphere in
diverse manner, some steadily increase the temperature of the earth while some lead to lower
temperatures. Due to this fact, no research until now has been able to reflect on the
contribution of each mode transport for individual gases and evaluate the impact of different
modes of transportation on climate. While assessing the impacts of aircraft emissions it is of
vital importance to consider meteorological and chemical conditions in the atmosphere as
they may initiate some mechanism of climate change. (Luftfart og klima, 2011)

However, the effects of single species are quite well studied and documented in the
literature. For example, CO, emissions lead to positive radiative forcing and thus warming of
the atmosphere. CO; is likely to provide the warming effect for hundreds of years after its
release, due to its longest living time. Therefore in longer prospective CO, emission from
aviation transport will have the greatest climate impact.

NOx emissions result in the formation of tropospheric ozone via atmosphere
chemistry, which gives positive RF and results in warming effect. In addition, NOx emissions
have two other important effects (1) formation of persistent linear contrails (2) formation of
aircraft-induced cirrus clouds. They lead to both positive and negative RF depending upon

atmospheric conditions but overall they are considered to have positive RF effect. i.e they
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result in warming of the atmosphere. Cirrus clouds, ozone and contrails have much stronger
warming effect than CO, in first years of their release, but due to short lifetimes temperature
changes quickly and in a span of 5-15 years the effect is less than that of CO..

Emissions of various particles also have significant impact on the atmosphere.
Emission of water vapor and soot particles can cause a direct positive RF (warming).
Whereas, emission of sulfate particles, originating from presence of sulfur in fuel, leads to
direct negative RF having a cooling effect on the atmosphere. Particles released from aircrafts
engines may act as nuclei for cloud condensation and seed cirrus cloud formation, which can
either decrease or increase the number of ice particles and affect both the emissivity of the
cirrus clouds and albedo. This effect can lead to either positive or negative RF effects

(cooling/warming) and the sign is rather uncertain (Lee et al., 2009)
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5 Conclusions

The study has confirmed that viewing tourism as an industry having relatively low
environmental impact can be debatable. Although tourism can impact upon a range of
environmental issues, greenhouse gas emissions from aviation currently seem to be the most
important and intractable issue (Chambers, 2004).

Life Cycle Assessment was used to study environmental impacts associated with a
typical vacation package undertaken by a Norwegian tourist. The impacts were evaluated for
different activities comprising a vacation package, which were broadly categorized into travel,
accommodation and tourist activities. Life cycle impact assessment has demonstrated that
impacts from the vacation package occur in all of the eighteen midpoint impact categories.
Analysis showed as expected that travel element of the holiday package in form of air
transport has the highest contribution to most of the impact categories, followed by the hotel
stay in form of electricity consumption, waste disposal and detersive and detergents used for
cleaning and laundry services at the hotel. The impact from tourist activities was found to be
insignificant.

Further, the study compared different vacation packages with purpose of
understanding how travel distance (i.e. chosen destination) and length of stay at the
destination affect GHG emissions from the vacation package. The contribution of air travel to
GHG emissions was about 70% for the vacation package in Mallorca with shorter flying
distance to destination and longer duration of stay, rising up to 88% for a one week vacation
package in the Canary Islands. It was found that though the package to the Canary Islands has
the shortest duration of stay (7 nights), the total GHG emissions from that package were the
highest because of significantly longer flying distance as compared to Mallorca. Decrease in
flying distance by around 40% results in decrease of the total GHG emissions from the
vacation package by 27%, even considering that duration of stay in Mallorca was assumed
twice as long (14 nights).

It should be acknowledged that the data inventory for the hotel stay and tourist
activities and relevant assumptions made were not explicit. Due to limited data availability,
values for electricity and water consumption as well as waste discharge were extracted from
literature and were not adjusted for a specific country or type of accommodation.
Assumptions regarding hotel stay and tourist activities were the same for all vacation

packages. Such approach may not be considered absolute as there are certainly variations in
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vacation packages depending on where holidays take place and the duration of stay. For
example, it can be argued that for a 14 days stay the amount of activities may not be the same
as for 7 days stay and should be increased proportionally which will result in higher amount
of GHG emissions. The same applies to the hotel stay as two hotels of the same category (4
star in present study) may still have different facilities and provide different services to
tourists. As it was mentioned before, an all-inclusive vacation package is likely to result in
higher total GHG emissions, where a bigger share will be attributed to the hotel stay. Yet, the
contribution from tourist activities and hotel services was found negligible and it was not
expected that altering input data for these elements of the holiday package will affect
significantly final results.

The study has also calculated and compared GHG emissions for different vacation
packages as function of flying distance and electricity production in various countries. The
results show that the GHG emissions from air travel are not directly proportional to the flying
distance due to the higher fuel burn associated with take-off and landing phase of the flight.
The GHG emissions from electricity consumption depend strongly on the type of fuel that is
used to produce electricity in the country. The study found that a 10 days hotel stay in Greece
would generate 56% more GHG emissions than a stay in Spain and 40% more than staying at
a hotel in Portugal.

The study has revealed that some issues associated with holiday package have not
been discussed enough in the literature. While a relatively large number of studies focused on
impacts from air travel, the research on the hotel stay and tourist activities is much more
limited. For example, it appeared challenging to collect information regarding use of
chemicals by the hotel industry. Apparently, hotels use various detergents, bleaches and
disinfectants in addition to special substances that are used for cleaning the swimming pools.
Contribution analysis and structural path analysis have demonstrated that the largest impact
from the use of detergents occurs in agricultural land occupation and terrestrial ecotoxicity
due to production of coconut and palm kernel oil. Yet, the cleaning agents are normally
flushed with water to the sewage system therefore some impacts to freshwater resources could
be expected. Further research regarding the usage of chemicals by hotels along with
information about water treatment techniques is necessary as it would improve the quality of
contribution analysis (Chambers, 2004).

The thesis tried to consider the full range of environmental impacts associated with a
typical vacation package and provided an insight into travel behavior of Norwegian tourists.

Recent travel surveys (Virke, 2014, Statistics Norway, 2014, Euromonitor, 2014) all found
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5. Conclusions

that the outbound departures from Norway were increasing in past years and will continue to
increase in the future. Strong Norwegian economy and poor climate conditions positively
affect departures to warmer countries as for example those in southern Europe. In addition,
new routes and more departures to cheaper destinations offered by low cost carriers with
strong promotional campaigns also increased the outbound tourism, particularly to closer
destinations such as Spain. The last but not the least, European financial crises also made
some countries more attractive to Norwegian tourists and contributed to longer stays at the
destination (Euromonitor, 2014).

The research has shown that the market for vacation packages, though stable and
growing, has a tendency for becoming more diverse. Strong competition among travel
retailers and consumers demanding holiday packages that suit their specific needs has pushed
travel agents to offer holiday packages to unique and exotic destinations. However, the share
of exotic holiday packages to long haul destinations is less than 5% (Virke, 2014), and
considering unstable situation in some parts of the world, strong growth in this segment
cannot be expected.

All factors combined, it can be assumed that the travel pattern of Norwegian tourist is
unlikely to change significantly in the coming years. Vacation packages to short and medium
haul destinations will remain the most popular type of holiday. Since the preferences are often
based on the price, it is likely that travelers would be choosing between shorter vacation in the
more remote destination and longer vacation in a destination that is closer. Encouraging
tourist to select holidays at closer destination would increase the sustainability of holiday
travel. In the context of present study, travel choices of Norwegian tourists have lower

environmental impacts as they do not select long haul destinations.
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6. Recommendations for Future Research

6 Recommendations for Future Research

Further research on environmental impact of tourism could look into various
directions. Generally, more studies on different types of vacation packages would ensure
more representative results that would make use to industry. Yet, as it has been proven that
currently the greatest impact arises from air travel, it seems more relevant to compare
different types of holiday packages rather than simply evaluate its environmental impacts.
One possibility here would be looking into all inclusive packages and comparing them with so
called responsible, or ecotourism package over a range of prices. Further, life cycle analysis
of specific elements of a holiday package such as different means of transportation and
especially accommodation could be also beneficial. At present it seems that with the highest
attention being paid to GHG emissions from flights, impacts arising from the hotel stay can
go underestimated. It also seems reasonable to expand the LCA of the holiday package by
including the impacts from hotel building, but at present no explicit data on hotel construction
are available in literature.

Finally, environmental impacts of a range of tourist activities and food consumption
during holidays can be subjects to another study. No comprehensive assessment or LCA of
tourist activities have been done to date. The same applies to food consumption during
holiday. Both tourist activities and food consumption were estimated only in terms of GHG
emissions in present study. It can be expected though that the range of impacts from these
elements is greater and influences other impact categories than climate change as well. In
order to build a good inventory of tourist activities and food consumption further detailed
research is needed that also accounts for regional variations.

In general, the low number of LCA studies found in the literature calls for an
assumption that there are either significant barriers to implementing this approach or the
limited awareness of LCA in tourism’s drivers (De Camillis et al., 2010). The barriers might
be related to the complicated nature of the tourism system as well as the lack of specific LCA
databases for tourism and related sectors. One example of the significant gap in data is that
while transport and energy related processed were modeled easily using Ecoinvent database,
this was not the case for most of the accommodation, activities and food-related processes
which to date are not present in Ecoinvent. There is also quite low consideration given by the
tourism industry and researches to the environmental impact categories that are usually taken

into account in impact assessment methodologies.

46



6. Recommendations for Future Research

Further developing methodological approaches and guidelines as well as possibly
integrating LCA with other environmental assessment tools could expand and promote
applicability of LCA studies within the tourism sector. In addition, further synergies should be
investigated regarding environmental appraisal of all elements of the holiday package along

with specific tools that focus on the economic and social aspects of sustainability of tourism.
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8 Appendix

Figures 8.1-8.15 show some of the input data and the results of calculations. For the

full overview of results please refer to attachment to this master thesis.

8.1 Foreground and Background Matrices
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Figure 8.1 : Foreground requirement matrix
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Figure 8.2 : Requirements placed on the background by the foreground
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8.2 Results of Life Cycle Analysis for Different Vacation Packages
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Figure 8.3 : Impacts generated from a 7 nights vacation package to the Canary
Islands
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26 Midpoint Hierarchis kg 1,4-DB 0 0,067556 0,000316 0 0,027639 0,000156 0,083441 0,000111 0 0,000116 0,001221 7,2E-05 0 0,000806

27 Midpoint Hierarchis m2a 0 1,351657 0,02734 0 0,855441 0,037334 0,01877 0,003422 0 0,021243 0,309604 0,001597 0 0,123881

28 Midpoint Hierarchis m3 0 188,8061 4,521761 0 1625,735 7,656586 7,619072 6,502939 0 0,865375 23,54045 0,228951 0 12,70332

29

30

= climate change
El air travel transfer hotel activities | ! [ 7
33 4% climate ch 790,7462 2,601254 223,2427 37,28409

34

35

36 W air travel

37 m transfer

38

= hotel
D _pro_f /SPA imp2 %3 [14

" NO . |l-l;-4

Figure 8.4 : Impacts generated from a 10 days vacation package to Mallorca
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Chart1 - 5| =
E [ F T e T w T v T vk [ o Twmw [ ~wT ol e [ alwr [ s [ ] vl v [ wTlE
FULL NAM 1 Vacatior Air travel Airport tre Visitor nig Electricity Water cor Detersive Laundry s¢ Breakfast Waste dis Car rental Heating  Tourist aci Transport related to toy |

2| MATRIXID 10001 10002 10003 10004 10005 10006 10007 10008 10009 10010 10011 10012 10013 10014

3] NAME

4| DsID

5 INFRASTRUCTUREPROCESS

_6 | LOCATION

7] ECOCAT

8| ECOSUBCAT

9| UNIT

10 |Name Scope PerspectivUnit

iAglicmturMidpot Hierarchism2a 0 0476463 0,00568 0 5,939642 0,076616 5,300424 0,023759 0 0,004315 0,039518 0,001546 0 0,018502

12 Climate ct Midpoint Hierarchiskg CO2eq 0 790,7462 2,601254 0 280,2591 1,111039 4,680285 1,121036 12,32 6,633157 9,047371 6,415121 21,7 6,536716 1143,171

iFDSSildEpMidlent Hierarchis kg oil eq 0 260,8015 0,887339 0 7815467 0,277526 1,480453 0,312619 0 0,098388 2,984446 2,1883 0 2,193175

14 FreshwateMidpoint Hierarchiskg 1,4-DB 0 0,684195 0,005895 0 2,039203 0,02377 0,053592 0,008157 0 2,029138 0,033044 0,001068 0 0,019162

15 |FreshwateMidpoint Hierarchiskg P eq 0 0,021922 0,000184 0 0,117888 0,000879 0,00129 0,000472 0 0,000384 0,001258 4,12E-05 0 0,000609

16 |Human to. Midpoint Hierarchiskg 1,4-DB 0 239,45318 0,238712 0 83,03762 0,806749 2,055625 0,35615 0 5171441 1,494597 0,043304 0 0,758159

ilnnisingriMidpnint Hierarchiskg U235 et 0 17,44832 0,316258 0 169,6426 0,691284 0,864369 0,67857 0 0,103227 1,848072 0,021133 0 0,947791

18 Marine ecMidpoint Hierarchiskg 1,4-DB 0 0,949233  0,00656 0 2,044674 0,017833 0,035213 0,008179 0 1,753524 0,042616 0,002456 0 0,021135

18 Marine euMidpoint Hierarchiskg N eq 0 0,142668 0,000986 0 0,066643 0,000278 0,006984 0,000267 0 0,018892 0,001352 0,00044 0 0,001948

ﬂMEtEl depMidpoeint Hierarchiskg Fe eq 0 3,185142 0,090793 0 2,267329 0,066558 0,311266 0,009069 0 0,020656 0,525724 0,023925 0 0,269356

21 Natural la Midpoint Hierarchism2 0 0,396384 0,000942 0 0,042445 0,000368 0,052718 0,00017 0 -0,00032 0,003265 0,001303 0 0,002363

EOlnnsdﬂMidpot Hierarchis kg CFC-11 0 9,92E-05 4,59E-07 0 1,66E-05 5,65E-08 3,17E-07 6,65E-08 0 4,14E-08 1,22E-06 8,43E-07 0 1,04E-06

23 particulat:Midpoint Hierarchiskg PM10 e 0 1,033545 0,006907 0 0,693178 0,001702 0,01245 0,002773 0 0,001235 0,011726 0,002979 0 0,0142%6

APthDChEIMidpDInt Hierarchis kg NMVO( 0 4,019144 0,027236 0 1,130373 0,002973 0,026251 0,004521 0 0,006251 0,042577 0,014447 0 0,055785

25 Terrestria Midpoint Hierarchiskg SO2 eq 0 3,048732 0,015775 0 2,34387 0,004393 0,030999 0,009375 0 0,003064 0,029697 0,008239 0 0,0333%2

26 Terrestria Midpoint Hierarchiskg 1,4-DB 0 0,067556 0,000316 0 0,038695 0,000218 0,116817 0,000155 0 0,000162 0,001221 0,000101 0 0,000806

27 |Urban laniMidpoint Hierarchism2a 0 1,351657 0,02734 0 1,197618 0,052267 0,026279 0,00479 0 0,02974 0,309604 0,002236 0 0,123881

&Waterds[Midlent Hierarchism3 0 188,8061 4,521761 0 2276,029 10,71922 10,6667 9,104115 0 1,211526 23,54045 0,320532 0 12,70332

29

31 . Iairtravel transfer hotel activitiesI

32| climate change [ctimate cff 70,7462 2601254 312,5398 37,2840

33|
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38| W transfer B

| 2| = hotel

40 .

Tl W activities

a2

R M LOG X Y /e .d . D pro_sorted D_str_sorted | D_pro_f .~ SPA imp2 ¥J [14 [

NO L e )

Figure 8.5 : Impacts generated from 14 days vacation package to Mallorca
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8.3 Results of Structural Path Analysis for Different Impact Categories

Il - cr I o -
Home  Insert  Pagelayout  Formulas Data Review  View  Aspen ASW s ChemOfficel3 Foxit Reader PDF Design layout  Format @@ R
chart2 - 5| v
A B z D E F G H [} i) K L M N o P Q R S ?
1 |STRUCTURAL PATH ANALYSIS
2 Agricultural land occupation, Hierarchist, ALOP100 Ihusked n hardwooc softwood, palm fruit Rest of th} processes H
3 [agricuttug 28,09126 19,7 10,95804 7,57992 33,7
4 | ABSOLUTERELATIVE SEQUENCE:
5 | 1,843676 28,09126 10001 10004 10007 2972 2971 710 677 240
6 | 1,843676 28,09126 1 Vacatior Visitor nig Detersive fatty alcot fatty alcof fatty alcot crude cocchusked nuts harvesting, at farm/ PH/ kg
7 | 0,84565 12,88479 10001 10004 10005 1042 1401 1427 1450 1385 1466 3691 3573 3575 3558 3515
8 | 0,84565 12,88479 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round wor hardwood, standing, under bark, in forest/ R
9 | 0,7191%4 10,95804 10001 10004 10005 1042 3407 3435 3437 3529 3533 3561 3562 3588
10| 0,719194 10,95804 1Vacatior Visitor nig Electricity electricity electricity wood chif wood chigindustrial industrial round woiround woi softwood, standing, under bark, in forest/ RER/ m3
11 0,497483 7,57932 10001 10004 10007 2972 2973 711 768 248
12 0,497483  7,57992 1 Vacatior Visitor nig Detersive fatty alcot fatty alcot fatty alcot palm kern palm fruit bunches, at farm/ MY/ kg
13 0,447357 6,823793 10001 10004 10005 1042 3407 3435 3433 3528 3527 3558 3515
14 | 0,447857 6,823793 1 Vacatior Visitor nig Electricity electricity electricity wood chif wood chigindustrial industrial round woi hardwood, standing, under bark, in forest/ RER/ m3
15 0,288167 4,39067 10001 10004 10005 1042 1401 1427 1450 1474 1464 3691 3573 3575 3558 3515
16| 0,288167 4,39067 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round wor hardwood, standing, under bark, in forest/ R
17 0,267396 4,081808 10001 10004 10007 2972 2374 712 769 248
18 0,267396 4,081808 1 Vacatior Visitor nig Detersive fatty alcot fatty alcot fatty alcot palm oil, ¢ palm fruit bunches, at farm/ MY/ kg
19 0,204012 3,108442 10001 10004 10005 1042 1401 1427 1450 1476 1468 3691 3573 3575 3558 3515
20 0,204012 3,108442 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round wor hardwood, standing, under bark, in forest/ R
21 0,086603 1,319533 10001 10004 10005 1042 1401 1427 1450 1473 1462 3691 3573 3575 3558 3515
22 | 0,086603 1,319533 1Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round wor hardwood, standing, under bark, in forest/ R
23 0,071534 1,089928 10001 10002 2720 3924 3656 3577 3580 3579 3561 3562 3588
24 | 0,071534 1,089928 1Vacatior Airtravel transport, airport/ RIbuilding, rsawn timk sawn timk sawn timk round wairound woi softwood, standing, under bark, in forest/ RER/ m3
25 0,060987 0,929229 10001 10004 10005 1042 1401 1427 1450 1475 1467 3691 3573 3575 3558 3515
26 0,060987 0,929229 1Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round wor hardwood, standing, under bark, in forest/ R
27 | 0,046681 0,711258 10001 10004 10005 1042 1401 1427 1450 1470 1461 3691 3573 3575 3558 3515
28  0,046681 0,711258 1Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round wor hardwood, standing, under bark, in forest/ R
29 | 0,040181 0,612216 10001 10002 2720 2713 2356 3856 3653 3655 3581 3579 3561 3562 3588
30 0,040181 0,612216 1 Vacatior Airtravel transport, operation kerosene, regional d building, tbuilding, | sawn timk sawn timk round woi round wor softwood, standing, under bark, in forest/ RER/ m3
31 0,034693 0,528607 10001 10004 10005 1042 1401 1427 1450 1471 1463 3691 3573 3575 3558 3515
32 0,034693 0,528607 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round wor hardwood, standing, under bark, in forest/ R
33 0,030866 0,470294 10001 10004 10006 3386 3428 3429 3553 3554 3515
34 0,030866 0,470294 1 Vacatior Visitor nig Water cor tap water, charcoal, ¢logs, hard residual wresidual w hardwood, standing, under bark, in forest/ RER/ m3
35 0,026213 0,399398 10001 10002 2720 2713 2356 3856 3653 3655 3508 3578 3579 3561 3562 3588
36 0,026213 0,399398 1 Vacatior Airtravel transport, operation kerosene, regional d building, tbuilding, | glued lam sawn timk sawn timk round woi round wor softwood, standing, under bark, in forest/ R
37 001268 0,193193 10001 10004 10005 1042 1521 1078 1042 1401 1427 1450 1385 1466 3691 3573 3575 3558 3515
38 0,01268 0,193193 1 Vacatior Visitor nig Electricity electricity electricity electricity electricity electricity hard coal, hard coal :hard coal, hard coal, undergrot sawn timk sawn timk round woi hardwood, st
39 0,012226 0,186286 10001 10004 10005 1042 2251 2260 3817 3549 3558 3515
40| 0,012226 0,186286 1 Vacatior Visitor nig Electricity electricity electricity electricity nuclear pcplywood, round woihardwood, standing, under bark, in forest/ RER/ m3
41| 0,010783 0,164302 10001 10004 10005 1042 1521 1078 1042 3407 3435 3437 3529 3533 3561 3562 3588
42 | 0,010783 0,164303 1 Vacatior Visitor nig Electricity electricity electricity electricity electricity electricity woad chif wood chig industrial industrial round woi round woi softwood, standing, under bark, ir
-
42| nninasa n1sedna 10001 1nnna 1nnns 1049 1n21 2407 2435 2427 2890 25
I D_str_sorted ./ D_pro_f | SPA_impl .~ SPA_imp2 -~ SPA_imp4 . SPA_imp16 -~ SPA_imp1l8 . Sheeti %3 [« r—um—umuu—xu—_l » [
Ready O 0% (-——0—&)
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Figure 8.6 : SPA Agricultural land occupation
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Chart 1 - £
A B E D E F G H 1 1 K L M N P a R s

1
2
3
4
5
6
7
8
9

10
11
12
13
14

STRUCTURAL PATH ANALYSIS

v
=]
-
’,

Climate change, Hierarchist, GWP100

ABSOLUTERELATIVE SEQUENCE:

1175,316 75,03488 10001 10002 2720 2713

1175,316 75,03488 1 Vacatior Air travel transport, operation, aircraft, passenger, Eumpef RER/ pkm

63,58005 4,059098 10001 10004 10005 1042 1401 1427

63,58005 4,059098 1 Vacatior Visitor nig Electricity electricity electricity hard coal, burned in power plant/ ES/ MJ

41,24195 2,632982 10001 10002 2720 2713 2356 2354 2409

41,24195 2,632982 1 Vacatior Air travel transport, operation kerosene, kerosene, refinery gas, burned in furnace/ RER/ MJ

23,13035 1,476695 10001 10004 10005 1042 2147 2188

23,13035 1,476695 1 Vacatior Visitor nig Electricity electricity electricity natural gas, burned in power plant/ ES/ MJ
21,7 1,385378 10001 10013
21,7 1,385378 1 Vacatior Tourist activities

Climate change, Hierarchist, GWP100

 operation, aircraft,
passenger, Eurape/
pkm

® hard coal, bumned in
power plant/ ES/ MI

19,37971 1,237246 10001 10004 10005 1042 2414 2436

19,37971 1,237246 1 Vacatior Visitor nig Electricity electricity electricity heavy fuel oil, burned in power plant/ ES/ MJ

19,06253 1,216996 10001 10002 2720 2713 2356 2334 2399

19,06253 1,216996 1 Vacatior Airtravel transport, operation kerosene, kerosene, heavy fuel oil, burned in refinery furnace/ RER/ MJ
10,61275 0,677542 10001 10004 10005 1042 1579 1596

10,61275 0,677542 1 Vacatior Visitor nig Electricity electricity electricity lignite, burned in power plant/ ES/ MJ

10,28571 0,656664 10001 10002 2720 2713 2356 2354 2472 2460 2236

10,28571 0,656664 1Vacatior Airtravel transport, operation kerosene, kerosene, crude oil, crude oil, natural gas, sour, burned in production flare/ GLO/ MJ

6,227349 0,397568 10001 10002 2720 2713 2356 2354 2470 2854 2849

6,227349 0,397568 1 Vacatior Airtravel transport, operation kerosene, kerosene, crude oil, transport, operation, transoceanic tanker/ OCE/ tkm
6,16 0,393269 10001 10004 10009
6,16 0,393269 1 Vacatior Visitor nig Breakfast

6,083049 0,388356 10001 10011 2812 2755
6,083049 0,388356 1 Vacatior Carrental transport, operation, passenger car/ RER/ km
5,285783 0,337457 10001 10002 2720 2713 2356 2354 2467 2461 2238
5,285783 0,337457 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, natural gas, sweet, burned in production flare/ GLO/ MJ
4,352776 0,2778%1 10001 10002 2720 2713 2356 2354 2472 2460 2476
4,352776 0,277891 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, natural gas, vented/ GLO/ Nm3
3,93736 0,25137 10001 10002 2720 2713 2356 2354 2463 2454 2476

3,93736 0,25137 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, natural gas, vented/ GLO/ Nm3
3,870418 0,247096 10001 10002 2720 2713 2356 2354 2463 2454 2238

3,870418 0,247096 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, natural gas, sweet, burned in production flare/ GLO/ MJ

3,703587 0,236446 10001 10004 10005 1042 1401 1427 1450 1385 1466
3,703587 0,236446 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, at mine/ WEU/ kg
3,112047 0,19868 10001 10002 2720 2713 2356 2354 2470 2458 2238

3,112047 0,19868 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, natural gas, sweet, burned in production flare/ GLO/ MJ

3,037521 0,193922 10001 10002 2720 273 2356 2354 2466 2455 2210 2211

3,037521 0,193922 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, sweet gas sweet gas, burned in gas turbine, production/ NO/ MJ

270 2712 s a a ose 2210
SPA_imp2 .~ SPA_imp4  SPA_imp16 . SPA_imp18 ﬂ 0l

Figure 8.7 : SPA Climate change
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Chart1 - £
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1 |STRUCTURAL PATH ANALYSIS
2 Freshwater ecotoxicity, Hierarchist, FETP_H IDisposaI, | Disposal, 1 Disposal, : Discharge Disposal, : Rest ofth} pH
3 [Freshwatd 16,2425 14,21952 9,24324 7392134 _5,032728 27,8]
4 | ABSOLUTERELATIVE SEQUENCE:
5| 0540412 16,2425 10001 10004 10010 3326 Freshwi
6 | 0,540412 16,24255 1 Vacatior Visitor nig Waste dis disposal, municipal solid waste, 22.9% water, to sanitary landfill/ CH/ kg
7 | 0,473103 14,21952 10001 10004 10010 3116
8 | 0,473103 14,21952 1 Vacatior Visitor nig Waste dis disposal, municipal solid waste, 22.9% water, to municipal incineration/ CH/ kg
9  0,307535 9,243224 10001 10004 10005 1042 1579 1596 1608 3176
10 0,307535 9,243224 1 Vacatior Visitor nig Electricity electricity electricity lignite, bu lignite, at disposal, spoil from lignite mining, in surface landfill/ GLO/ kg
11 0,245946 7,392134 10001 10002 2720 2713 2356 2354 2472 2460 2475
12 | 0,245946 7,392134 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, discharge, produced water, onshore/ GLO/ kg
13 | 0,167446 5,032728 10001 10004 10005 1042 1401 1427 1450 1474 1464 3175
14 0,167446 5,032728 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, disposal, spoil from coal mining, in surface landfill/ GLO/ kg
15 0,104891 3,152603 10001 10002 2720 2713 2356 2354 2470 2458 2475
16 0,104891 3,152603 1 Vacatior Airtravel transport, operation kerosene, kerosene, crude oil, crude oil, discharge, produced water, onshore/ GLO/ kg
17 0,094317 2,834794 10001 10004 10005 1042 1401 1427 1450 1470 1461 3175
18 | 0,094317 2,834794 1Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, disposal, spoil from coal mining, in surface landfill/ GLO/ kg =
13 0,0588 1,767289 10001 10004 10005 1042 1401 1427 3287
20 0,0588 1,767289 1 Vacatior Visitor nig Electricity electricity electricity hard coal, disposal, hard coal ash, 0% water, to residual material landfill/ ES/ kg
21 0,053794 1,616811 10001 10004 10005 1042 1401 1427 1450 1385 1466 3175
22 0,053794 1,616811 1Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, disposal, spoil from coal mining, in surface landfill/ GLO/ kg
23 0,047653 1,432262 10001 10004 10005 1042 1401 1427 1450 1473 1462 3175
24 0,047653 1,432262 1Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, disposal, spoil from coal mining, in surface landfill/ GLO/ kg
25 0,044776 1,345775 10001 10002 2720 2713 2356 2354 2467 2461 2475
26 0,044776 1,345775 1Vacatior Airtravel transport, operation kerosene, kerosene, crude oil, crude oil, discharge, produced water, onshore/ GLO/ kg
27 0,039824 1,196937 10001 10004 10005 1042 1401 1427 1450 1476 1468 3175
28 0,039824 1,196937 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, disposal, spoil from coal mining, in surface landfill/ GLO/ kg
23 0,034461 1,035762 10001 10002 2720 2713 2356 2354 2472 2460 3855 1002 936 1037 1013 1584 1595 1608 3176
30 0,034461 1,035762 1 Vacatior Airtravel transport, operation kerosene, kerosene, crude oil, crude oil, productio electricity electricity electricity electricity electricity lignite, bu lignite, at disposal, spo
31 0,02662 0,800091 10001 10004 10005 1042 1579 1596 3166
32 0,02662 0,800091 1 Vacatior Visitor nig Electricity electricity electricity lignite, bu disposal, lignite ash, 0% water, to opencast refill/ ES{ kg
33 0,025516 0,766905 10001 10004 10005 1042 1401 1427 1450 1475 1467 3175
34 0,025516 0,766905 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, disposal, spoil from coal mining, in surface landfill/ GLO/ kg
35 0,022198 0,66719 10001 10004 10005 1042 1401 1427 1450 1385 1466 3177
36 0,022198 0,66719 1 Vacatior Visitor nig Electricity electricity electricity hard coal, hard coal :hard coal, hard coal, disposal, tailings from hard coal milling, in impoundment/ GLO/ kg
37 0,018284 0,549532 10001 10002 2720 2713 2356 2354 1002 936 1037 1013 1584 1535 1608 3176
38 0,018284 0,549532 1 Vacatior Air travel transport, operation kerosene, kerosene, electricity electricity electricity electricity electricity lignite, bu lignite, at disposal, spoil from lignite mining, in surface
39 0,016135 0,48494 10001 10002 2720 2713 2356 2354 2472 2479 1002 936 1037 1013 1584 1535 1608 3176
40 | 0,016135 0,48494 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, transport, electricity electricity electricity electricity electricity lignite, bu lignite, at disposal, spoil from ligr

41 0,014117
42 | 0,014117

- 21 en o o o 2204 PEPY 22 2220 2230
M 4rH D_str_sorted /' D_pro_f ./ SPA_impl .~ SPA_imp2 | SPA_imp4 , SPA_impl6 . SPA_impl8 ‘M 0l Il

0,424285 10001 10002 2720 2713 2356 2354 2463 2454 2475
0,424285 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, discharge, produced water, onshore/ GLO/ kg

Ready |

Average: 16,67169298  Count:13  Sum: 1000301579 |

Figure 8.8SPA Freshwater ecotoxicity
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Ed9-d sz, SPAAIox B Microsoft Excel e R - —
Home Insert Page Layout Formulas Data Review  View  Aspen ASW  Addlns ChemOfficel3 Foxit Reader PDF Design Layout Format @ =2 8B
Chart1 - £ v
A B c D E F G H 1 J K L M N o P a R s E
STRUCTURAL PATH ANALYSIS
Terrestrial ecotoxicity, Hierarchist, TETP_H Idisposal, «palm fruit operation disposal, \discharge, Rest of th} P

ABSOLUTERELATIVE SEQUENCE:

0,068711

0,037109

0,037109

0,019983
10 | 0,019983
11| 0,014229
12 | 0,014229
13| 0,013268
14| 0,013268
15 | 0,003723
16 | 0,003723
17| 0,002996
18| 0,002396
19 | 0,002806
20 | 0,002806
21| 0,002702
22 | 0,002702
23| 0,00263
24| 0,00263
25| 0,002464
26| 0,002464
27| 0,001588
28 | 0,001588
29| 0,001515
30 | 0,001515
31| 0,00113
32| 0,00113
33| 0,001088
34| 0,001088
35| 0,00083
36| 0,00083
37| 0,000691
38 | 0,000691
39| 0,000678
40| 0,000678
41| 0,000663
42 | 0,000663

1
2
3
4
5 | 0,068711
6
7
8
9

225 ar a a7z
M4 rH D_str_sorted "D_pro_f .~ SPA_impl . SPA_imp2 , SPA_imp4 | SPA_imp16 . SPA_imp18 . ‘Sheetl . ¥d []4 Il

[rerrestrial 34,79451 289 7,205597 6,718771 1,385493 20,5]

34,79451 10001 10002 2720 2713 2356 2354 2472 2460 3858 3090
34,79451 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, well for e:disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg Terres
18,79131 10001 10004 10007 2972 2973 711 768 248
18,79131 1 Vacatior Visitor nig Detersive fatty alcot fatty alcol fatty alcot palm kernpalm fruit bunches, at farm/ MY/ kg
10,11917 10001 10004 10007 2972 2974 712 769 248
10,11917 1 Vacatior Visitor nig Detersive fatty alcot fatty alcol fatty alcot palm oil, e palm fruit bunches, at farm/ MY/ kg
7,205597 10001 10002 2720 2713
7,205597 1 Vacatior Air travel transport, operation, aircraft, passenger, Eumpef RER/ pkm
6,718771 10001 10004 10005 1042 3407 3092
6,718771 1 Vacatior Visitor nig Electricity electricity electricity disposal, wood ash mixture, pure, 0% water, to landfarming/ CH/ kg
1,885493 10001 10002 2720 2713 2356 2354 2472 2460 2475
1,885493 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, discharge, produced water, onshore/ GLO/ kg
1,5172 10001 10002 2720 2713 2356 2334 2399
1,5172 1 Vacatior Air travel transport, operation kerosene, kerosene, heavy fuel oil, burned in refinery furnace/ RER/ MJ
1,420713 10001 10002 2720 2713 2356 2354 2467 2461 3858 3090 =
1,420713 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, well for e:disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg
1,368407 10001 10002 2720 2713 2356 2354 2409 2384 2472 2460 3858 3090
1,368407 1 Vacatior Airtravel transport, operation kerosene, kerosene, refinery g refinery g crude oil, crude oil, well for e:disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg
1,33169 10001 10002 2720 2713 2356 2354 2365 2362 2472 2460 3858 3090
1,33169 1 Vacatior Airtravel transport, operation kerosene, kerosene, naphtha, :naphtha, i crude oil, crude oil, well for e: disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg
1,247578 10001 10002 2720 2713 2356 2354 2470 2458 3858 3090
1,247578 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, well for e:disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg
0,804126 10001 10002 2720 2713 2356 2354 2470 2458 2475
0,804126 1 Vacatior Airtravel transport, operation kerosene, kerosene, crude oil, crude oil, discharge, produced water, onshore/ GLO/ kg
0,767084 10001 10004 10005 1042 2414 2436
0,767084 1 Vacatior Visitor nig Electricity electricity electricity heavy fuel oil, burned in power plant/ ES/ M)
0,572184 10001 10002 2720 2713 2356 2354 2399 2350 2472 2460 3858 3090
0,572184 1 Vacatior Airtravel transport, operation kerosene, kerosene, heavy fue heavy fue crude oil, crude oil, well for e:disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg
0,55104 10001 10004 10005 1042 2414 2436 2352 2350 2472 2460 3858 3090
0,55104 1 Vacatior Visitor nig Electricity electricity electricity heavy fue heavy fue heavy fue crude oil, crude oil, well for e: disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg
0,420103 10001 10002 2720 2713 2356 2354 2463 2454 3858 3090
0,420103 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, well for e:disposal, drilling waste, 71.5% water, to landfarming/ CH/ kg
0,350161 10001 10004 10007 2972 2973 711 768 3092
0,350161 1 Vacatior Visitor nig Detersive fatty alcot fatty alcot fatty alcol palm kern disposal, wood ash mixture, pure, 0% water, to landfarming/ CH/ kg
0,343263 10001 10002 2720 2713 2356 2354 2467 2461 2475
0,343263 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, discharge, produced water, onshore/ GLO/ kg
0,335567 10001 10004 10005 1042 1401 1427
0,335567 1 Vacatior Visitor nig Electricity electricity electricity hard coal, burned in power plant/ ES/ MJ
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Figure 8.9 : SPA Terrestrial ecotoxicity
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Chart1 - £ B

A

STRUCTURAL PATH

ABSOLUTERELATIVE SEQUENCE: [water def 51,52496 5,705042 1,733455 31,1

926,3816

86,82811

86,82811

26,38239
10| 26,38239
11| 24,56126
12 | 24,56126
13 | 23,51009
14| 23,51009
15 | 22,96493
16 | 22,96493
17| 16,72342
18| 16,72342
19| 14,0399
20| 14,03396
21 13,17537
22| 13,17537
23| 10,10519
24| 10,10519
25| 7,352136
26| 7,352136
27 | 6,990292
28 | 6,990292
29| 6,168662
30 | 6,168662
31 5481548
32| 5481548
33| 4,79585
34| 4,79585
35 | 4,698107
36 | 4,698107
37| 4,25103
38| 4,25103
39| 4,19245
40| 419345
41| 3,900731
42| 3,900731

A3 | 2 7ass0s
M4 M

1
2
3
4
5 | 936,33816
6
7
8
2

B Cc D E F G H [} 1 K L M N o P Q R 5

Water depletion, Hierarchist, WDP100

Ielectricity electricity electricity Rest of th]z processes

61,52496 10001 10004 10005 1042 1495 1553

61,52496 1 Vacatior Visitor nig Electricity electricity electricity electricity, hydropower, at run-of-river power plant/ RER/ kWh

3,705042 10001 10004 10005 1042 1435 1551

5,705042 1 Vacatior Visitor nig Electricity electricity electricity electricity, hydropower, at reservoir power plant, non alpine regions/ RER/ kWh

1,733455 10001 10002 2720 2715 1144 1073 1041 1432 1552

1,733455 1 Vacatior Air travel transport, operation electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ CH/ kWh

1,613798 10001 10004 10005 1042 1017 1497 1553
1,613798 1 Vacatior Visitor nig Electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ RER/ kWh
1,544731 10001 10004 10005 1042 1521

1,544731 1 Vacatior Visitor nig Electricity electricity electricity, hydropower, at pumped storage power plant/ ES/ kWh

1,508911 10001 10002 2720 3922 1757 1755 1756 1141 1072 1068 1497 1553

1,508911 1 Vacatior Air travel transport, aircraft, r aluminiun aluminiun aluminiun electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ RER/ kWh
1,098812 10001 10004 10005 1042 1031 1502 1553

1,098812 1 Vacatior Visitor nig Electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ RER/ kWh

0,922436 10001 10004 10005 1042 1521 1078 1042 1495 1553

0,922496 1 Vacatior Visitor nig Electricity electricity electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ RER/ kWh

0,865688 10001 10002 2720 2713 2356 2354 2472 2460 3855 1002 936 1037 1017 1497 1553

0,865688 1 Vacatior Airtravel transport, operation kerosene, kerosene, crude oil, crude oil, productio electricity electricity electricity electricity electricity electricity, hydropower, at run-of-

0,663962 10001 10011 2812 3964 1144 1073 1041 1492 1552

0,663962 1 Vacatior Car rental transport, operation electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ CH/ kwh

0,483072 10001 10002 2720 2713 2356 2354 2472 2460 3855 1002 936 1037 1003 1493 1553

0,483072 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, productio electricity electricity electricity electricity electricity electricity, hydropower, at run-of-
0,459297 10001 10002 2720 2713 2356 2354 1002 936 1037 1017 1497 1553

0,459297 1 Vacatior Air travel transport, operation kerosene, kerosene, electricity electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ RER/ kwh
0,405312 10001 10002 2720 2713 2356 2354 2472 2479 1002 936 1037 1017 1497 1553

0,405312 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, transport, electricity electricity electricity electricity electricity electricity, hydropower, at run-of-river pow
0,360165 10001 10002 2720 2713 2356 2354 2472 2460 3855 1002 936 1037 1015 1435 1553

0,360165 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, productio electricity electricity electricity electricity electricity electricity, hydropower, at run-of.
0,315111 10001 10002 2720 2715 1144 1073 1041 1437 1553

0,315111 1 Vacatior Air travel transport, operation electricity electricity electricity electricity electricity, hydropower, at run-of-river power plant/ RER/ kwh

0,308689 10001 10002 2720 2713 2356 2354 2472 2460 3855 1002 936 1037 1013 1503 1553

0,308689 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, productio electricity electricity electricity electricity electricity electricity, hydropower, at run-of.
0,279314 10001 10002 2720 2713 2356 2354 2472 2460 3855 1002 936 1037 1023 1439 1553

0,279314 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, productio electricity electricity electricity electricity electricity electricity, hydropower, at run-of-
0,273531 10001 10002 2720 2713 2356 2334 2472 2460 3855 1002 336 1037 1003 1432 1352

0,275531 1 Vacatior Air travel transport, operation kerosene, kerosene, crude oil, crude oil, productio electricity electricity electricity electricity electricity electricity, hydropower, at run-of-
0,256298 10001 10002 2720 2713 2356 2334 1002 936 1037 1003 1493 1553

0,256298 1 Vacatior Airtravel transport, operation kerosene, kerosene, electricity electricity electricity electricity electricity electri

ity, hydropower, at run-of-river power plant/ RER/ kWh

nasg1anoni anona anone 1010 1a0s 150
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Figure 8.10 : SPA Water depletion
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8.4 Calculated GHG Emissions from Various Vacation Packages as A

Function of Flying Distance and Electricity Consumption

- riax jcr e 5
Home  Insert  Pagelayout  Formulas  Data Review  View  Aspen ASW s ChemOfficsl3  Foxit Reader PDF v@oR =R
T34 - 5| 4
D E F G H [} J K L M N o P Q R s u N I%I
1 FULL NAM 1 Vacatior Air travel Airport trz Visitor nigElectricity Water con Detersive Laundry s¢ Breakfast Waste dis Carrental Heating  Tourist aci Transport rel[ |
2 MATRIXID 10001 10002 10003 10004 10005 10006 10007 10008 10009 10010 10011 10012 10013 10014
3 NAME
4 DsSID
5 INFRASTRUCTUREPROCESS
6 LOCATION
7 ECOCAT
8 ECOSUBCAT
2 UNIT
10 Method Name Scope Perspectiy Unit
11 ReCiPe L.(Agricultur Midpoint Hierarchism2a 0 0,440261 0,00568 0 2,585205 0,054726 3,786017 0,01697 0 0,003511 0,039518 0,001104 0 0,018%02
12 ReCiPe 1.(Climate ct Midpoint Hierarchiskg CO2eq 0 730,6641 2,601254 0 315,2607 0,793593 3,34306 0,80074 8,8 4,737969 9,047371 4,58223 21,7 6,536716 111
13 ReCiPe 1.(Fossil dep Midpoint Hierarchis kg oil eq 0 240,9854 0,887339 0 75,22247 0,198233 1,057467 0,223299 0 0,070277 2,984446 1,563072 0 2,193175
14 |ReCiPe 1.(Freshwate Midpoint Hierarchiskg 1,4-DB 0 0,632209 0,005895 0 8,610527 0,016979 0,03828 0,005326 0 1,449384 0,033044 0,000763 0 0,019162
15 ReCiPe 1.(Freshwate Midpoint Hierarchiskg P eq 0 0,020256 0,000184 0 0,532548 0,000628 0,000922 0,000337 0 0,000275 0,001258 2,94E-05 0 0,000609
16 |ReCiPe 1.(Human to Midpoint Hierarchiskg 1,4-DB 0 27,21529 0,238712 0 359,4771 0,576249 1,468303 0,254393 0 3,693886 1494597 0,035217 0 0,758159
17 ReCiPe 1.(lonising re Midpoint Hierarchis kg U235 ec 0 16,12257 0,316258 0 257,3671 0,493774 0,617406 0,484693 0 0,073734 1,848072 0,015138 0 0,947791
18 |ReCiPe 1.(Marine ec Midpoint Hierarchiskg 1,4-DB 0 0,877114 0,00656 0 8,446466 0,012738 0,025152 0,005342 0 1,252517 0,042616 0,001754 0 0,021135
19 ReCiPe 1.(Marine ev Midpoint Hierarchiskg N eq 0 0,131828 0,000986 0 0,130709 0,000199 0,004988 0,00019 0 0,013434 0,001352 0,000314 0 0,001948
20 ReCiPe 1.(Metal deg Midpoint Hierarchiskg Fe eq 0 2,943131 0,090793 0 10,77217 0,047541 0,222333 0,006478 0 0,014754 0,525724 0,017089 0 0,269356
21 ReCiPe 1.(Natural |z Midpoint Hierarchis m2 0 0,366266 0,000942 0 0,015586 0,000263 0,037656 0,000121 0 -0,00023 0,003265 0,00093 0 0,002363 =
22 ReCiPe 1.(0zone de|Midpoint Hierarchis kg CFC-11 0 9,16E-05 4,39E-07 0 1,02E-05 4,04E-08 2,26E-07 4,75E-08 0 2,96E-08 1,22E-06 6,02E-07 0 1,04-06
23 ReCiPe 1.(Particulati Midpoint Hierarchis kg PM10 e 0 0,955015 0,006907 0 0431425 0,001216 0,008833 0,001981 0 0,000882 0,011726 0,002128 0 0,014296
24 ReCiPe 1.(Photochel Midpoint Hierarchis kg NMVO( 0 3,713764 0,027236 0 0,620494 0,002124 0,018751 0,00323 0 0,004465 0,042577 0,010319 0 0,055735
25 ReCiPe 1.(Terrestria Midpoint Hierarchiskg 502 eq 0 2,817085 0,015775 0 1,360384 0,003138 0,022142 0,006697 0 0,00218% 0,029697 0,005885 0 0,033392
26 ReCiPe L.(Terrestria Midpoint Hierarchiskg 1,4-DB 0 0,062423 0,000316 0 0,025894 0,000156 0,083441 0,000111 0 0,000116 0,001221 72E-05 0 0,000806
27 ReCiPe 1.(Urban laniMidpoint Hierarchis m2a 0 1,248957 0,02734 0 0,729739 0,037334 0,01877 0,003422 0 0,021243 0,309604 0,001597 0 0,123881
28 ReCiPe 1.(Water deg Midpoint Hierarchis m3 0 174,4604 4,521761 0 1756,885 7,656586 7,619072 6,502939 0 0,865375 23,54045 0,228951 0 12,70332
29
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Figure 8.11 : Impacts generated from vacation package to Bulgaria
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1 FULL NAM 1 Vacatior Air travel Airport tre Visitor nig Electricity Water cor Detersive Laundry s« Breakfast Waste dis Car rental Heating  Tourist ac' Transport related to toy |

2 MATRIXID 10001 10002 10003 10004 10005 10006 10007 10008 10009 10010 10011 10012 10013 10014

3 NAME

4 DsID

5 INFRASTRUCTUREPROCESS

6 LOCATION

7 ECOCAT

8 ECOSUBCAT

9 UNIT

10 Name Scope PerspectivUnit

11 Agricultur Midpoint Hierarchism2a 0 0,577628 0,00568 0 5,574354 0,054726 3,786017 0,01697 0 0,003511 0,039518 0,001104 0 0,018502

12 Climate ct Midpoint Hierarchiskg CO2 eq 0 958,642 2,601254 0 277,5176 0,793599 3,34306 0,30074 8,8 4,737969 9,047371 4,58223 21,7 6,536716 1293.1

13 Fossil dep Midpoint Hierarchiskg oil eq 0 316,1764 0,88733% 0 81,8689 0,198233 1,057467 0,223239 0 0,070277 2,984446 1,563072 0 2,193175

14 |FreshwateMidpoint Hierarchiskg 1,4-DB 0 0,829468 0,005895 0 2,082594 0,016979 0,03828 0,005826 0 1,449384 0,039044 0,000763 0 0,019162

15 |FreshwateMidpoint Hierarchiskg P eq 0 0,026577 0,000184 0 0,113801 0,000628 0,000922 0,000337 0 0,000275 0,001258 2,94E-05 0 0,000609

16 Human to Midpeint Hierarchiskg 1,4-DB 0 35,70685 0,238712 0 105,8534 0,576249 1,468303 0,254393 0 3,693886 1,494597 0,035217 0 0,758159

17 lonising re Midpoint Hierarchiskg U235 e 0 21,15305 0,316258 0 25,6249 0,493774 0,617406 0,434693 0 0,073734 1,848072 0,015138 0 0,947791

18 Marine ec Midpoint Hierarchiskg 1,4-DB 0 1,150787 0,00656 0 2,239976 0,012738 0,025152 0,005842 0 1,252517 0,042616 0,001754 0 0,021135

19 Marine euMidpoint Hierarchiskg N eg 0 0,17296 0,000986 0 0,057725 0,000199 0,004338 0,00019 0 0,013454 0,001352 0,000314 0 0,001948

20 Metal degMidpoint Hierarchiskg Fe eq 0 3,861431 0,090793 0 10,27374 0,047541 0,222333 0,006478 0 0,014754 0,525724 0,017089 0 0,269356

21 Natural la Midpoint Hierarchism2 0 0,480547 0,000942 0 0,052614 0,000263 0,037656 0,000121 0 -0,00023 0,003265 0,00093 0 0,002363 £

22 Ozone de|Midpoint Hierarchiskg CFC-11 0 000012 4,59E-07 0 1,81E-05 4,04E-08 2,26E-07 4,75E-08 0 2,96E-08 1,22E-06 6,02E-07 0 1,04E-06

23 Particulat Midpoint Hierarchiskg PM10 e 0 1,252933 0,006907 0 0,625831 0,001216 0,008893 0,001981 0 0,000882 0,011726 0,002128 0 0,0142%6

24 PhotocheiMidpoint Hierarchiskg NMVO( 0 4,872513 0,027236 0 1,034369 0,002124 0,018751 0,00323 0 0,004465 0,042577 0,010319 0 0,055785

25 Terrestria Midpoint Hierarchiskg SO2 eq 0 3,696057 0,015775 0 2,227168 0,003138 0,022142 0,006697 0 0,002189 0,029697 0,005885 0 0,0333%2

26 Terrestria Midpoint Hierarchiskg 1,4-DB 00,0819 0,000316 0 0,067918 0,000156 0,083441 0,000111 0 0,000116 0,001221 7,2E-05 0 0,000806

27 \Urban laniMidpoint Hierarchism2a 0 1,638643 0,02734 0 1,230789 0,037334 0,01877 0,003422 0 0,021243 0,309604 0,001597 0 0,123881

28 Water def Midpoint Hierarchism3 0 228,8946 4,521761 0 3651,156 7,656586 7,613072 6,502939 0 0,865375 23,54045 0,228351 0 12,70332
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Figure 8.12 : Impacts generated from vacation package to Portugal
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1 FULL NAM 1 Vacatior Air travel Airport tre Visitor nig Electricity Water cor Detersive Laundry s« Breakfast Waste dis Car rental Heating  Tourist ac' Transport related to toy |

2 MATRIXID 10001 10002 10003 10004 10005 10006 10007 10008 10009 10010 10011 10012 10013 10014

3 NAME

4 DsID

5 INFRASTRUCTUREPROCESS

6 LOCATION

7 ECOCAT

8 ECOSUBCAT

9 UNIT

10 Name Scope PerspectivUnit

11 Agricultur Midpoint Hierarchism2a 0 0,585271 0,00568 0 0,979851 0,054726 3,786017 0,01697 0 0,003511 0,039518 0,001104 0 0,018502

12 Climate ct Midpoint Hierarchiskg CO2 eq 0 971,326 2,601254 0 457,7262 0,793599 3,34306 0,30074 8,8 4,737969 9,047371 4,58223 21,7 ©,536716 1492

13 Fossil dep Midpoint Hierarchiskg oil eq 0 320,3598 0,88733% 0 1554843 0,198233 1,057467 0,223239 0 0,070277 2,984446 1,563072 0 2,193175

14 |FreshwateMidpoint Hierarchiskg 1,4-DB 0 0,840443 0,005895 0 19,0403 0,016979 0,03828 0,005826 0 1,449384 0,039044 0,000763 0 0,019162

15 |FreshwateMidpoint Hierarchiskg P eq 0 0,026928 0,000184 0 1,248561 0,000628 0,000922 0,000337 0 0,000275 0,001258 2,94E-05 0 0,000609

16 Human to Midpeint Hierarchiskg 1,4-DB 0 36,1793 0,238712 0 778,2584 0,576249 1,468303 0,254393 0 3,693886 1,494597 0,035217 0 0,758159

17 lonising re Midpoint Hierarchiskg U235 e 0 21,43293 0,316258 0 20,63013 0,493774 0,617406 0,434693 0 0,073734 1,848072 0,015138 0 0,947791

18 Marine ec Midpoint Hierarchiskg 1,4-DB 0 1,166013 0,00656 0 18,47436 0,012738 0,025152 0,005842 0 1,252517 0,042616 0,001754 0 0,021135

19 Marine euMidpoint Hierarchiskg N eg 0 0,175248 0,000986 0 0,284205 0,000199 0,004338 0,00019 0 0,013454 0,001352 0,000314 0 0,001948

20 Metal degMidpoint Hierarchiskg Fe eq 0 3,912522 0,090793 0 10,07172 0,047541 0,222333 0,006478 0 0,014754 0,525724 0,017089 0 0,269356

21 Natural la Midpoint Hierarchism2 0 0,486905 0,000942 0 0,049157 0,000263 0,037656 0,000121 0 -0,00023 0,003265 0,00093 0 0,002363 £

22 Ozone de|Midpoint Hierarchiskg CFC-11 0 0,000122 4,59E-07 0 1,36E-05 4,04E-08 2,26E-07 4,75E-08 0 2,96E-08 1,22E-06 6,02E-07 0 1,04E-06

23 Particulat Midpoint Hierarchiskg PM10 e 0 1,269572 0,006907 0 0,858376 0,001216 0,008893 0,001981 0 0,000882 0,011726 0,002128 0 0,0142%6

24 PhotocheiMidpoint Hierarchiskg NMVO( 0 4,936982 0,027236 0 0,769711 0,002124 0,018751 0,00323 0 0,004465 0,042577 0,010319 0 0,055785

25 Terrestria Midpoint Hierarchiskg SO2 eq 0 3,74436 0,015775 0 2,505536 0,003138 0,022142 0,006697 0 0,002189 0,029697 0,005885 0 0,0333%2

26 Terrestria Midpoint Hierarchiskg 1,4-DB 0 0,082983 0,000316 0 0,032935 0,000156 0,083441 0,000111 0 0,000116 0,001221 7,2E-05 0 0,000806

27 \Urban laniMidpoint Hierarchism2a 0 1,66033 0,02734 0 0,826252 0,037334 0,01877 0,003422 0 0,021243 0,309604 0,001597 0 0,123881

28 Water def Midpoint Hierarchism3 0 231,9231 4,521761 0 545,3542 7,656586 7,613072 6,502939 0 0,865375 23,54045 0,228351 0 12,70332
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Figure 8.13 : Impacts generated from vacation package to Greece
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FULL NAM 1 Vacatior Air travel Airport tre Visitor nig Electricity Water cor Detersive Laundry s« Breakfast Waste dis Car rental Heating  Tourist ac' Transport related to toy |
MATRIXID 10001 10002 10003 10004 10005 10006 10007 10008 10009 10010 10011 10012 10013 10014
NAME
DsID
INFRASTRUCTUREPROCESS
LOCATION
ECOCAT
ECOSUBCAT
9 UNIT
10 Name Scope PerspectivUnit

N o R W e

11 Agricultur Midpoint Hierarchism2a 0 2,042513  0,00568 0 18,07475 0,054726 3,786017 0,013649 0 0,003511 0,039518 0,001104 0 0,018902
"12|climate et Midpoint Hierarchiskg CO2 eq 0 1843521 2,601254 0 599,8215 0,793599 2,34306 0,454398 2,8 4,737969 9,047371 4,58223 21,7 a,saanal 25053
13 |Fossil depMidpoint Hierarchiskg oil eg 0 608,3711 0,887339 0 118,3584 0,198233 1,057467 0,054613 0 0,070277 2,984446 1,563072 0 2,193175

14 |FreshwateMidpoint Hierarchiskg 1,4-DB 0 1,748346 0,005895 0 2,331176 0,016979 0,03828 0,002562 0 1,449384 0,039044 0,000763 0 0,019162

15 FreshwateMidpoint Hierarchiskg P eq 0 0,058244 0,000124 0 0,089713 0,000628 0,000922 §,29E-05 0 0,000275 0,001258 2,34E-05 0 0,000609

16 |Human to Midpoint Hierarchiskg 1,4-DB 0 7944333 0,238712 0 126,2979 0,576249 1468303 0,147569 0 3,693886 1,494597 0,035217 0 0,758159

17 |lonising rMidpoint Hierarchiskg U235 eq 0 72,18136 0,316258 0 12,50467 0,493774 0,617406 0,068241 0 0,073734 1,348072 0,015138 0 0,547791

18 |Marine ecMidpoint Hierarchiskg 1,4-DB 0 2,345778  0,00656 0 2,342878 0,012738 0,025152 0,002627 0 1,252517 0,042616 0,001754 0 0,021135

15 |Marine evMidpoint Hierarchiskg N eg 0 0,331582 0,000986 0 0,092516 0,000199 0,004988 2,63E-05 0 0,013494 0,001352 0,000314 0 0,001948

20 |Metal dep Midpoint Hierarchiskg Fe eq 0 887538 0,090793 0 10,9192 0,047541 0,222333  0,04046 0 0,014754 0,525724 0,017089 0 0,269356

21 |Natural la Midpoint Hierarchism2 0 0,927448 0,000942 0 0,039024 0,000263 0,037656 0,000437 0 -0,00023 0,003265 0,00093 0 0,002363 =
22 |0zone dejMidpoint Hierarchiskg CFC-11 0 0,000232 4,59E-07 0 3,486-06 4,04E-08 2,26E-07 1,85E-08 0 2,96E-08 1,22E-06 6,02E-07 0 1,04E-08

23 Particulat:Midpoint Hierarchiskg PM10 e 0 240008 0,006907 0 1,636359 0,001216 0,008893 0,000246 0 0,000882 0,011726 0,002128 0 0,014296

24 |PhotocherMidpaint Hierarchis kg NMVO 0 9,358215 0,027236 0 2,297654 0,002124 0,018751 0,000613 0 0,004465 0,042577 0,010319 0 0,055785

25 Terrestria Midpoint Hierarchiskg S02eq 0 7,077509 0,015775 0 523348 0,003132 0,022142 0,000664 0 0,002189 0,029697 0,005885 0 0,033392

26 Terrestria Midpoint Hierarchiskg 1,4-DB 0 0,164929 0,000316 0 0,023952 0,000156 0,083441 0,000432 0 0,000116 0,001221  7,2E-05 0 0,000806

27 |Urban laniMidpoint Hierarchism2a 0 5460026 002734 0 5061462 0,037334 0,01877 0,000832 0 0,021243 0,309604 0,001597 0 0,123881

28 \Water defMidpoint Hierarchism3 0 794,5454 4,521761 0 734,8572 7,656586 7,619072 14,31324 0 0,865375 23,54045 0,228951 0 12,70332
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Figure 8.14 : Impacts generated from vacation package to China
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11 Agricultur Midpoint Hierarchism2a 0 2481351 0,00568 0 3,412364 0,054726 3,786017 0,013649 0 0,003511 0,039518 0,001104 0 0,018902
12 |Climate ctMidpoint Hierarchiskg CO2 eq 0 2239,605 2,601254 0 113,5994 0,793599  3,34306 0,454398 2,8 4,737969 9,047371 4,58223 21,7 6,536716__ 2415,
13 |Fossil depMidpoint Hierarchiskg oil eq 0 739,0808 0,887339 0 13,65323 0,198233 1,057467 0,054613 0 0,070277 2,984446 1,563072 0 2,193175] 1
14 FreshwateMidpoint Hierarchiskg 1,4-DB 0 2,124589 0,005895 0 0,640492 0,016979 0,03828 0,002562 0 1,449384 0,039044 0,000763 0 0,019162

15 FreshwateMidpoint Hierarchiskg P eq 0 0,070758 0,000124 0 0,020726 0,000628 0,000922 §,29E-05 0 0,000275 0,001258 2,34E-05 0 0,000609

16 |Human to Midpoint Hierarchiskg 1,4-DB 0 9651188 0,238712 0 36,89234 0,576249 1468303 0,147569 0 3,693886 1,494597 0,035217 0 0,758159

17 |lonising rMidpoint Hierarchiskg U235 eq 0 87,68967 0,316258 0 17,06017 0493774 0,617406 0,068241 0 0,073734 1,348072 0,015138 0 0,547791

18 |Marine ecMidpoint Hierarchiskg 1,4-DB 0 2,849773  0,00656 0 0,656748 0,012738 0,025152 0,002627 0 1,252517 0,042616 0,001754 0 0,021135

15 |Marine evMidpoint Hierarchiskg N eg 0 0402823 0,000986 0 0,00658 0,000199 0,004988 2,63E-05 0 0,013494 0,001352 0,000314 0 0,001948

20 |Metal dep Midpoint Hierarchiskg Fe eq 0 10,78227 0,090793 0 10,11493 0,047541 0,222333  0,04046 0 0,014754 0,525724 0,017089 0 0,269356

21 |Natural la Midpoint Hierarchism2 0 1,126712 0,000942 0 0,109359 0,000263 0,037656 0,000437 0 -0,00023 0,003265 0,00093 0 0,002363 =
22 |0zone dejMidpoint Hierarchiskg CFC-11 0 0,000282 4,59E-07 0 4,62E-06 4,04E-08 2,26E-07 1,85E-08 0 2,96E-08 1,22E-06 6,02E-07 0 1,04E-08

23 Particulat:Midpoint Hierarchiskg PM10 e 0 2,915742 0,006907 00,0614 0,001216 0,008893 0,000246 0 0,000882 0,011726 0,002128 0 0,014296

24 |PhotocherMidpaint Hierarchis kg NMVO 0 11,36385 0,027236 0 0,153143 0,002124 0,018751 0,000613 0 0,004465 0,042577 0,010319 0 0,055785

25 Terrestria Midpoint Hierarchiskg S02eq 0 8598126 0,015775 0 0,165945 0,003132 0,022142 0,000664 0 0,002189 0,029697 0,005885 0 0,033392

26 Terrestria Midpoint Hierarchiskg 1,4-DB 0 0,200364 0,000316 0 0,108043 0,000156 0,083441 0,000432 0 0,000116 0,001221  7,2E-05 0 0,000806

27 |Urban laniMidpoint Hierarchism2a 0 6633123  0,02734 0 0,208075 0,037334 0,01877 0,000832 0 0,021243 0,309604 0,001597 0 0,123881

28 \Water defMidpoint Hierarchism3 0 965,2551 4,521761 0 3578,31 7,656586 7,619072 14,31324 0 0,865375 23,54045 0,228951 0 12,70332
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Figure 8.15 : Impacts generated from vacation package to Brazil
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