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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.  
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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 (IISD, 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 CO2 emissions, which makes it an important contributor to global climate 
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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
–2

) 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 

et al., 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.  

 

 

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).  

 

 

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 
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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. 
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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 
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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). 

 

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, 

396 D. Scott et al.

Table 2. Distribution of emissions from tourism by sub-sector.

2005 20352

Sub-sectors CO2(Mt) % CO2(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).

GHGs. A recent study commissioned by the UNWTO, United Nations Environment Pro-

gramme (UNEP) and the World Meteorological Organization (WMO) (UNWTO-UNEP-

WMO, 2008) estimated global tourism-related1 emissions of CO2 at roughly 5% of total

global emissions in 2005 (with an estimated range of 3.9% to 6.0%).3 Most of these emis-

sions are generated by the transport of tourists and, in particular, air travel (see Table 2).

Including the global warming attributable to other GHGs and secondary atmospheric im-

pacts caused by aviation (measured as “radiative forcing”4), the contribution of tourism to

global climate change is estimated to be between 5.2% and 12.5% in 2005. The figures

for radiative forcing are higher than the estimates provided previously in UNWTO-UNEP-

WMO (2008)5 because since 2008 new data have been published about the non-carbon

contribution of aviation to climate change (Lee et al., 2009)6 and these new results have

been used to update the inputs of the model developed for the UNWTO-UNEP-WMO report

(all other parameters were unchanged; see the full description of the model in UNWTO-

UNEP-WMO, 2008). The contribution of tourism to climate change is, thus, on a global

level, substantial: if tourism were a country for example, its CO2 emissions would rank

fifth, after the United States, China, the European Union and Russia.

Of fundamental importance to the future of tourism’s contribution to climate change

are two strong growth trends that characterize the sector. First, there are a rapidly growing

number of people participating in both domestic and international tourism. International

tourism arrivals have tripled in the last 30 years from approximately 300 million in 1980

to 922 million in 2008 (UNWTO, 2009). The number of international tourist trips is

expected to continue to grow exponentially over the coming decades as well. According

to UNWTO’s Tourism 2020 Vision, the number of international tourist arrivals is forecast

to reach 1.6 billion by 2020 (WTO, 2000). Domestic tourist numbers are developing at

even higher rates and especially in large developing markets such as China and India. In

China domestic tourism numbers increased on average at 7.8% per year between 1994

and 2007 and 12.9% per year between 2002 and 2007 (National Bureau of Statistics of

China, 2009). In India domestic tourism saw 7.1% growth in 2005 and 19.0% in 2006

(based on data from Indian Tour Operators Promotion Council, 2009). Second, individual

travellers participate in more frequent and more distant (UNWTO, 2008b, p. 12) holidays,

stay over shorter periods of time (e.g. WTO, 1997, p. 2), increasingly use high-energy

transportation (e.g. UNWTO, 2008b, p. 29) and stay in more luxurious hotels (UNWTO-

UNEP-WMO, 2008). This contributes to a higher-energy-intensity type of tourism on a per

trip basis. With more trips and accommodation capacity worldwide and the growing energy
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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).  

 

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 

6. Utvikling i flytrafikken, 2003-2013 

Kraftig vekst i flytrafikken*   

 

Reiser til og fra utlandet utgjorde i 30,4 prosent av all flytrafikk i 2013,  

i motsetning til i 2003 hvor det utgjorde 22,3 prosent.  
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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), König 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 Scimıa (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 ISO 14040:2006 and ISO 14044:2006 and presented in Figure 3.1, LCA 

application process consists of four steps:  

 Goal and scope definition,  

 Life Cycle Inventory analysis (LCI), 

 Life Cycle Impact Assessment (LCIA),  

 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).  

 

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.  

 

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 = (𝐼 − 𝐴)𝑦−1 

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 CO2 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: 

𝐷𝑝𝑟𝑜 = 𝐶𝑆𝐿𝑦̂ 

𝐷𝑠𝑡𝑟 = 𝐶𝑆𝐿𝑦̂ 

Figure 3.3 represents a nomenclature commonly used in LCA.  

 

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:  

 Connecting environmental loads to the selected impact categories (classification step);  

 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). 

 

Figure 3.4 : number of vacation packages sold in Norway  in 2013( Virke, 2014) 

5. Charterstatistikken   

Totalt 1,25 millioner solgte pakkereiser i 2013 – økning på 4 prosent fra 2012  

  

Europa 94%

Afrika 3%

Asia 2%

Amerika 1%

Afrika             43 183  -34 % 

Asia            21 690  -70 % 

Europa      1 168 112  11 % 

Nord-Amerika              4 219  -15 % 

Oceania                    58  115 % 

Sør-Amerika              5 278  94 % 

Totalt      1 242 539  4 % 

Kilde: Virke 
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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). 

 

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 

5. Charterstatistikken  
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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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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 accommodation 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 CO2 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 CO2 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 CO2 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 

hotel 4* 

Kg CO2 eq/kg Source 

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 & 

detergents 

Kg 1.40E-01 - - 

Laundry services kWh 1.60E-01 - - 

Table 3.1 : Food consumption for breakfast and corresponding CO2 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 

visits/km 

Kg CO2 eq/visit Source 

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 

tourist activities 

Coach = 35 km; 

bus = 21 km; 

taxi = 14 km 

 Filimonau et al., 

2013 

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 kWh/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 

shown in Figure 4.1.  

 

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 CO2 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.  

 

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/ 

distance 

Length of 

stay 

Total CO2 Share CO2 

flight 

Share CO2 

Hotel stay 

Share 

CO2 

Tourist 

Activities 

Canary 

Islands 

4105 km 

 

7 nights 1566,359 

 

1370.2 

(88%) 

158.9 

(10%) 

37.3 

(2%) 

Mallorca 

2369 km 

10 nights 1053,874 

 

 

790.7 

(75%) 

 

223.2 

(21%) 

37.3 

(4%) 

Mallorca 

2369 km 

14 nights 1143,171 

 

790.7 

(69%) 

 

312.5 

(28%) 

37.3 

(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. 

 

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.  

 

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.  

 

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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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.  

 

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.  

 

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 CO2 equivalents, of which 1175 Kg CO2 equivalents, or 

around 85% were direct emissions. Direct emissions are those associated with the use 

phase/operation of a product or service. 

 

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, 

km 

 

2189 2369 2872 2910 8578 10421 

Total GHG, 

kg CO2 eq 

 

1108.9 1053.9 1299.1 1492 2505.9 2415.8 

GHG from 

air travel 

 

730.7 790.7 958.6 971.3 1843.5 2239.6 

GHG from 

Electricity 

consumption 

315.3 200.2 277.5 457.7 599.8 113.6 

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).  

 

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). 

 

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, CO2 emissions lead to positive radiative forcing and thus warming of 

the atmosphere. CO2 is likely to provide the warming effect for hundreds of years after its 

release, due to its longest living time. Therefore in longer prospective CO2 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 



  4. Results and Discussions 

42 

 

result in warming of the atmosphere. Cirrus clouds, ozone and contrails have much stronger 

warming effect than CO2 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 CO2.  

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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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  

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.  
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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 

 

 
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  

 

 

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

Islands 
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Figure 8.4 : Impacts generated from a 10 days vacation package to Mallorca 
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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  

 

 

Figure 8.6 : SPA Agricultural land occupation 
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Figure 8.7 : SPA Climate change 
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Figure 8.8SPA Freshwater ecotoxicity 
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Figure 8.9 : SPA Terrestrial ecotoxicity 
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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 

 

 

Figure 8.11 : Impacts generated from vacation package to Bulgaria 
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Figure 8.12 : Impacts generated from vacation package to Portugal 
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Figure 8.13 : Impacts generated from vacation package to Greece 
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Figure 8.14 : Impacts generated from vacation package to China 
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Figure 8.15 : Impacts generated from vacation package to Brazil 

 


