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Abstract
The purpose of the current study is to examine the possibilities of mitigating the carbon footprint of the tourism
industry in Crete, Greece, to estimate its carbon intensity and additionally the cost of eliminating all
tourism-related carbon emissions with compensation credits in the island. Various mitigation options in different
sectors of the tourism industry in Crete, including transport to the destination, accommodation, catering and
various tourist activities at the destination, have been proposed. Mitigation of carbon emissions in
accommodation is easier, due to the presence of appropriate technologies, than in other tourism sectors. Various
carbon offsetting schemes including the use of carbon compensation credits and forest restoration have also been
investigated. Based on existing research regarding annual CO 2 emissions due to the tourism industry in Crete,
the area of new forest plantations required for offsetting all tourism-related carbon emissions in Crete has been
calculated at 114 031 ha. The carbon intensity of the tourism industry in Crete has been estimated at 0.562
kgCO2/€ which is in the same range of values reported for other EU countries. The annual cost of eliminating all
tourism-related CO2 emissions in Crete has been estimated at €20,525,580 which corresponds to 0.51% of the
annual gross domestic product in the island attributed to tourism.
Keywords: Carbon emissions, carbon offsetting, climate change, Crete, Greece, tourism industry
1. Introduction
The necessity to mitigate climate change requires the radical change of the technology used and the human
behavior in all sectors of the economy. Tourism is currently a growing and expanding industry which contributes
significantly in the increase of emissions of greenhouse gases (GHGs) in the atmosphere, increasing the
anthropogenic climate change. The highest share of carbon emissions in the tourism industry is due to air
transportation. Energy is consumed during tourists’ transportation to the destination, in accommodation and in
various activities at the destination. The international tourism industry consumes mainly fossil fuels while the
use of renewable energies so far is rather limited. Mitigation of climate change due to the tourism industry can
be achieved with various ways including changes in the technology and the fuels used, selection of vacations
with a lower carbon footprint and by offsetting its carbon emissions with various schemes. The concept of
carbon neutral tourism destinations has attracted a lot of attention, recently aligned with the idea of transition to a
low-carbon and more environmentally sustainable economy. Changes in the tourists’ behavior, increasing their
awareness regarding the impacts of their holidays on climate change and their voluntary mitigation of their
carbon footprint with various offsetting schemes could improve the environmental performance of the tourism
industry, reducing its impacts on climate change. Complying with carbon mitigation requirements agreed during
the international summit in Paris in 2015 requires a sharp decrease of the current emissions in the tourism
industry. Although Crete is a well-known and popular tourist destination all over the world, published research
regarding the possibilities of mitigating and compensating tourism-related GHG emissions in the island is
currently lacking.
2. Literature Survey
2.1 Tourism and Climate Change
Yang (2010) has reported on the development of tourism in the low carbon economy. The author proposed
various measures which could promote low carbon tourism. These include: a) Minimization of tourism
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overloading of sensitive ecosystems, b) Reduction of direct carbon emissions caused by transport, c) Reduction
of fossil fuels use and carbon emissions in tourism accommodation, d) Improving service quality and promotion
of products and services with low carbon impacts, and e) Changing inappropriate tourist behavior. Gossling et al.
(2010) have studied the future of tourism regarding the perspective of climate change mitigation. The authors
stated that technology and management improvements in tourism are not sufficient to achieve even modest
emission reductions in the sector. They concluded that radical changes are required for reconciliation of the
increasing demand in tourism from an increasing world population with climate policy targets. Huang et al.
(2011) have presented a model for developing low carbon tourism. The model that the authors have developed is
based on the creation of low carbon tourist attractions, in the allocation of low carbon tourism facilities, in
promoting a low carbon form of tourism consumption and in nurturing a tourism experience environment of
carbon sequestration. Zeppel (2012) has reported on collaborative governance for low carbon tourism in
Australia. The author has mentioned that implementing climate change activities in Australia requires
cooperation among tourism agencies, business programs, carbon consultants and offset providers. He stated that
climate change initiatives of tourism agencies regarding governance are based on accountability, transparency,
involvement, structure, effectiveness and power. Hares et al. (2010) have reported on the air travel decisions of
UK tourists. The authors have investigated the influence of climate change on holiday travel decision. Their
findings indicated three barriers regarding climate impacts on tourists when preparing their holidays. These
include the dismissal of alternative transport modes to air travel, their refusal to make changes in their holidays
due to climate change reasons and their denial to accept personal responsibility for the impacts of their holidays
on climate change. A guide on carbon-neutral tourism based on the implementation of an EU-funded LIFE
project has been reported in 2012. The guide offers advice and guidance to tourists on how they can reduce their
carbon footprint during their holidays. This advice includes: a) Choosing the greenest way to travel to the
destination, b) Preference to move in the destination with public transportation instead of hiring cars, c) Trying to
minimize energy consumption while staying in the accommodation, and d) Trying to offset carbon emissions
voluntarily by participating in a carbon-offsetting trading scheme. Dubois et al. (2011) have investigated the
future tourism mobility and its impacts on climate change. The authors stated that in 2005, tourism was
responsible for around 5% of all global CO2 emissions, of which 75% were caused by passenger transport. They
mentioned that the necessity for a sharp reduction in carbon emissions, including trading schemes and/or
offsetting, could only be achieved to a moderate level, with substantial changes in the way that we travel.
Gössling (2009) has reported on carbon-neutral tourism destinations. The author presented the concept of
“carbon neutrality” for tourism destinations, mentioning that an increasing number of destinations plan to
become “carbon-neutral” enhancing their image as being environmentally sustainable. Gössling et al. (2010)
have reported on the implementation of carbon-neutral tourism destinations with reference to the Seychelles
islands. The authors have presented a methodology promoting carbon-neutral tourism policies. Their
methodology included offsetting of carbon emissions due to air transport which accounts for approximately 86%
of total carbon emissions due to tourism in the Seychelles. Accommodation, they stated, accounts for 12% of
total carbon emissions caused by tourism which can be partly reduced with the increase of energy efficiency and
the use of renewable energy sources (RES), and the rest with carbon-offsetting measures. Perch-Nielsen et al.
(2010) have investigated the GHG intensity (GHG emissions to the generated income) of the tourism sector in
Switzerland. The authors mentioned that GHG intensities of the tourism sector in UK, Spain, Sweden and
Switzerland vary between 0.44 kgCO2/€ and 0.85 kgCO2/€.
2.2 Voluntary Carbon Offsetting by Tourists
Gössling et al. (2007) have reported on voluntary carbon offsetting schemes in aviation. The authors mentioned
that tourism is becoming increasingly dependent on air transport with significant contributions to GHG
emissions. They concluded that an optimal solution for mitigating carbon emissions in aviation might be a
combination of compulsory non-tradable measures on aviation-related emissions with voluntary schemes.
Becken (2004) has investigated the perception of tourists and tourist experts on climate change and on
carbon-offsetting schemes in Australia and in New Zealand. The author realized surveys questioning travelers if
climate change is an issue and if tourists were willing to participate in tree-planting activities. Her results
indicated that tourists were willing to be involved in tree-planting activities while tourism experts did not
consider that carbon emissions due to tourism activities were contributing to climate change. Gössling et al.
(2009) have reported on voluntary carbon offsets by Swedish air travelers. The authors mentioned that tour
operators and airlines are offering voluntary carbon-offsetting schemes. However, they stated, customers have
shown limited interest in these schemes and the overall amount of emissions offset remains negligible.
McKercher et al. (2010) have examined the attitudes towards voluntary carbon emission reductions in tourism
among residents of Hong Kong. Their findings indicated that regular international tourists were aware about the
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impacts of tourism on climate change but they were less willing to alter their behavior. The authors also stated
that similar behavior was identified in other relevant studies. Becken (2013) has reviewed the relation of tourism
and climate change as an evolving knowledge domain. The author stated that research on tourism and climate
change has grown substantially over the last 26 years. Her research was focused on how climate change will
impact on tourism and on how tourism-related carbon emissions could be mitigated. She also mentioned that this
research field is characterized by a small number of researchers who are co-authors in a large number of
publications. Velonaki et al. (2015) have reported on responsible tourism behavior in the 21 st century. The
authors mentioned their research examining interactions between airline corporate social responsibility policies
and travelers’ attitudes towards voluntary carbon emissions. They also stated that probably financial
responsibility for offsetting CO2 emissions in travelling should be shared between passengers and airline
companies. Dodds et al. (2008) have studied the awareness of travelers and travel agents in carbon offsetting in
Toronto, Canada. The authors stated that their results indicated a lack of awareness of carbon offsetting caused
by air travel. Zeppel et al. (2013) have explored the carbon offsetting behavior of environmentally certified
tourism enterprises located in Queensland, Australia. Their findings revealed that carbon offsetting was not as
popular as other carbon mitigation actions such as reducing energy use and improving energy efficiency. The
authors mentioned that more than one-third of the examined enterprises indicated that they did not believe that
carbon offsetting was necessary for their businesses. Juvan et al. (2014) have studied the attitude of travelers to
consider the climate impact of their holidays. The authors have implemented empirical studies with 261 potential
travelers in Australia and Slovenia who expressed their difficulties in assessing without assistance the climate
impacts of their vacations. They suggested that the tourism industry should provide travelers with reliable and
user-friendly information regarding the carbon footprint of their holidays. Mair (2011) has investigated air
travelers’ voluntary carbon-offsetting behavior in Australia and the UK. Her results indicated that air travelers
who purchase voluntary carbon-offsetting credits have pro-environmental and eco-centric behavior and attitudes.
2.3 Mitigation and Compensation of Carbon Emissions in the Tourism Industry
Smith et al. (2009) have investigated carbon emission offsets for aviation-generated emissions in New Zealand.
The authors have studied five technical carbon-offsetting schemes for international tourists in New Zealand
including: a) Use of energy-efficient lighting, b) Creation of wind farms replacing thermal generation stations, c)
Reduction of road transport, d) Regeneration and planting of new forests, and e) Increase of thermal generation
efficiency. They concluded that a single carbon-offsetting scheme, targeted inside the country, is physically
and/or politically unrealistic. Becken (2005) has studied harmonization of climate change mitigation and
adaptation in the Fiji islands. The author stated that these islands are highly vulnerable to climate change and
various adaptation measures have been taken. She also mentioned that there are some isolated examples in the
tourism industry which use the appropriate technology and management for mitigating their impacts in climate
change. Zhang et al. (2018) have studied, with simulation techniques, the impacts of a carbon tax on
tourism-related CO2 emissions and economic welfare in China. The authors stated that their findings indicated
that a carbon tax policy could have a remarkable impact on tourism-related carbon emissions and economic
welfare. They suggested that, preferably, tourism industries should be encouraged to reduce CO 2 emissions by
using clean energy and low-carbon energy technologies. Eijgelaar (2011) has reported on voluntary carbon
offsetting for reducing tourism emissions. The author mentioned that tourism and aviation industries have not
managed to reduce carbon emissions like other industries have done. He stated that the potential of voluntary
carbon offsetting for reducing tourism transport emissions is rather low while current sales of flight offsets are
less than 1% of all carbon emissions. Higham et al. (2015) have investigated the possibility of radical carbon
emissions reductions due to tourists’ air travel. The authors stated that future projected growth in aviation is
incompatible with the necessity of radical carbon emissions reduction. They have implemented an empirical
analysis with questionnaires in four countries investigating the willingness of travelers to accept voluntary
measures aiming to reduce tourism-related carbon emissions. Their results indicated that Norwegians were
willing to accept governmental regulation to air travel while travelers from the UK, Germany and Australia did
not accept strategies resulting in the restriction of their freedom to travel. Gössling et al. (2015) have reported on
inter-market variability in CO2 emission intensities in tourism in eleven countries between 1995 and 2010. Their
results indicated variations in inter-market emission intensities of up to a factor of 30 at 127-3930 kgCO2 per
tourist. The authors discussed the potential for reducing emissions from tourism fostering specific markets.
Vourdoubas (2018) has studied the technical and economic feasibility of net zero-carbon emission hotels due to
energy use in the Mediterranean region. The author stated that low/zero-carbon emission hotels can be achieved
in this area with the combined use of various renewable energy technologies including solar thermal, solar
photovoltaic and high efficiency heat pumps. He also mentioned that these technologies are currently reliable,
cost-effective and broadly used in many applications. Vourdoubas (2019) has estimated the carbon emissions due
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to tourism in the island of Crete, Greece. The author estimated the annual carbon emissions per tourist in Crete at
488.77 kgCO2 while he stated that 80.69% of all tourism-related carbon emissions are attributed to their
incoming and return transportation by air and sea. Total CO 2 emissions in 2016 have been estimated at 2280.62
ktCO2. Without incoming and return international tourist transportation to Crete, their total annual CO2
emissions were estimated at 440.39 ktCO2. Toochi (2018) has studied carbon sequestration by forests. The author
mentioned that forests are cost-effective as CO2 absorbers while tropical forests may absorb more CO 2. He also
stated that maple-beech-birch forests could absorb annually 1973-4382 kgCO2 per ha while white and red pine
forests absorb 8425-11 015 kgCO2 per ha. Bernal et al. (2018) have reported on CO2 removal rates from forest
restoration activities. The authors stated that planted forests had the highest annual CO2 removal rates, ranging
from 4.5 to 40.7 tCO2 per ha. They also mentioned that mangrove tree restoration was the second more efficient
with annual CO2 removal rates up to 23.1 tCO2 per ha while annual CO2 removal rates in natural regeneration
varied between 9.1 and 18.8 tCO2 per ha. A report on using forest carbon credits to offset emissions in the
downstream business has been published by the Concawe air quality management group (2017). The report
stated that prices for forest carbon credits vary from on average US$ 4 to US$ 10 per tCO 2 while afforestation
and reforestation projects average at US$ 8 per tCO2. It also mentioned that carbon credits from wind energy are
cheaper than forest carbon credits. Hammami et al. (2018) have investigated the tourist’s behavior towards local
Cretan food. The authors have implemented an empirical study using questionnaires aimed at international tourists
in the airport of Chania, Crete regarding their perception of Cretan food tasted during their stay in the island. Their
results indicated that tourists were satisfied with local gastronomy, increasing their intention to revisit Crete in the
near future.
The aims of the current research are:
a) To investigate the possibilities of lowering and zeroing the carbon footprint due to incoming international
tourism in Crete with various technological and non-technological options including mitigation and
offsetting schemes,
b) To estimate the cost of offsetting all incoming international tourism-related carbon emissions in Crete using
carbon compensation credits, and
c)

To estimate the carbon intensity of the tourism industry in Crete.

3. Methodology
The research was carried out in the following steps. Firstly the factors affecting tourism related CO2 emissions in
Crete were identified and the possibilities of mitigating them with various technological and non-technological
measures were analyzed. Secondly the possibility of offsetting these carbon emissions either with compensation
credits or with creation of tree plantations acting as carbon sinks was investigated. Thirdly calculations regarding
the cost of mitigation and zeroing tourism related CO 2 emissions in Crete as well as estimation of the carbon
intensity of the tourism industry in the island were implemented. Data from existing research and studies in
Greece and worldwide were used. Finally the findings of the current work are compared with the results of
similar studies in other global tourism destinations.
4. Mitigation and Offsetting of Tourism-Related Carbon Emissions in Crete
Tourism-related carbon emissions in Crete, Greece can be mitigated or totally eliminated by various
technological and non-technological measures. These include the use of less polluting fuels in air, sea and road
transportation, increase of energy efficiency, replacement of fossil fuels use with renewable energies in tourist
accommodation and use of more environmentally-friendly tourist activities in the island, and additionally by
promoting carbon sequestration by tree plantations and using carbon compensation credits. Combination of the
above-mentioned measures could result either in the mitigation or in the total elimination of carbon emissions
related to international tourism in Crete.
5. Mitigation of Carbon Emissions Due to Transportation to the Destination
Air and sea transport of tourists to Crete is related with the consumption of fossil fuels resulting in carbon
emissions. Most of the tourists arriving in the island and returning back use airplanes, since they arrive from
long distances, and only a minority of them use ships. Current technology regarding fuels used in airplanes and
ships does not allow the use of low or zero-carbon emission fuels. Future technology advances regarding the use
of low or zero-carbon fuels and very efficient engines in commercial applications are not foreseen soon. Current
studies regarding the overall carbon footprint of tourism in various islands indicated that air transport to the
destination including tourists’ return has the highest carbon impact. Therefore mitigation of carbon footprints due
to air transport of tourists in Crete is not easy compared with its reduction in other tourism sectors. Additionally,
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travelers, except a small minority, are not willing voluntarily to offset their carbon emissions due to air travel.
6. Mitigation of Carbon Emissions Due to Accommodation
Mitigation of carbon emissions in tourist accommodation can be achieved by replacing fossil fuels use with
renewable energies. Various high efficiency energy technologies as well as renewable energy technologies are
currently mature, reliable, cost-effective and broadly used in many applications. They include solar thermal
energy for heat production, solar photovoltaic energy for electricity generation, high efficiency and geothermal
heat pumps for space heating and cooling, solid biomass for heat production etc. Tourists use a lot of hot water
during their summer vacations in Crete and it can be easily produced with simple solar thermal systems. The
required technology is mature, well-known, cost-effective and used broadly in Crete during the last 30 years.
Although fossil fuels including electricity generated by fossil fuels dominate in energy consumption in tourist
accommodation, various hotels have started to use renewable energy technologies since they are profitable and
more attractive to environmentally-conscious tourists. Additionally, the Greek government is offering various
incentives, including financial subsidies and tax reliefs, in these enterprises in order to promote the higher use of
locally available and environmentally friendly benign energy sources. Low/zero-carbon energy technologies
which could be used in tourist accommodation in Crete decreasing their carbon emissions include:
a)

Solar thermal systems for hot water production,

b)

Solar photovoltaic systems for electricity generation,

c)

High efficiency heat pumps including ground-source heat pumps for heat and cooling generation,

d)

Locally produced solid biomass for heat generation, and

e) Various energy-saving technologies including low-energy lighting bulbs, BEMs, well-insulated doors,
windows, facades, roofs etc.
7. Mitigation of Carbon Emissions Due to Food Consumption
Tourists consume food and drinks during their stay in Crete. Some of the ingredients are produced in the island
while others are transported from their production sites. Transportation of food from long distances via ships and
airplanes results in carbon emissions. The Mediterranean and Cretan diet is famous all over the world for its
healthy impacts on humans. However, due to cost reasons, many hotels and restaurants serve meals which are
based on imported ingredients due to the fact that some of them are cheaper. Others promote the Cretan diet
based on locally produced materials targeting tourists willing to taste the local gastronomy. It has been proposed
that in the future agricultural production in Crete should be focused in covering, apart from the needs of the local
inhabitants, the needs of the approximately 5 mil. tourists visiting the island annually. This could offer economic
and environmental benefits in Crete and it would also offer added value in tourism through the promotion of the
tasty and healthy local gastronomy based on the Cretan diet. Reduction of transported food ingredients used in
feeding tourists in Crete would result in the decrease of carbon emissions due to their transportation.
8. Mitigation of Carbon Emissions Due to Transportation on the Island
During their stay in Crete tourists visit various museums, cultural sites, antiquities and places of natural beauty
including remote and unique beaches for swimming. In exploring the island, they use either public transportation
or rented cars and motorbikes. Buses and cars in Crete have internal combustion engines using fossil fuels and
the presence of electrified vehicles is rare while commercial battery-charging stations for electric cars do not
exist today. Use of bio-fuels including bio-ethanol and biodiesel in vehicles is also limited. Therefore, road
transportation in Crete is related with the use of fossil fuels, resulting in carbon emissions, while the increased
use of vehicles with alternative fuels having low or zero-carbon emissions is not foreseen in the near future.
Reduction of carbon emissions in transportation can be achieved in the future in Crete in the following ways:
a)

Use of conventional vehicles with higher fuel efficiency,

b)

Use of electric vehicles using renewable electricity for recharging their batteries,

c)

Use of vehicles with internal combustion engines fuelled with bio-fuels,

d)

Use

e)

Use of bicycles and walking, and

f)

Use of public transportation, particularly buses, instead of rented cars.

of car sharing and car pooling in their transportation,

Methods of mitigating carbon emissions due to international tourism in Crete are presented in Table 1.
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Table 1. Methods for mitigating CO2 emissions in tourism industry in Crete, Greece
Sector
Air flights to the destination
return journey
Sea transport to Crete
Tourist accommodation

Method
including

Various tourist activities in Crete including
catering

-

Use of high-efficiency fuels combined with the use of more efficient engines

Use of high efficiency fuels combined with the use of more efficient engines
Use of energy-saving techniques and technologies
Use of renewable energy technologies for heat, cooling and electricity generation
Preference of the local gastronomy with the use of locally produced food instead
of imported
Preference of low-carbon emission transport modes including public
transportation, walking, cycling, car sharing, electrified vehicles, high efficiency vehicles
and vehicles fuelled by bio-fuels.

9. Offsetting Carbon Emissions with Carbon Compensation Credits
The clean development mechanism, defined in Kyoto’s protocol, allows the implementation of a carbon
emissions reduction project in developing countries which results in certified emissions reduction. Such projects
can include installation of solar-PV systems in remote communities, creation of wind farms, replacement of old
boilers with new ones which are more energy-efficient, or reforestation projects. Mitigation or total elimination
of carbon emissions due to international tourism in Crete could be achieved with the engagement in such carbon
reduction projects according to the clean development mechanism. It has been calculated that currently carbon
offsetting costs 9€ per tCO2. Total CO2 emissions in Crete due to international tourism have been currently
estimated at 2280.62 ktCO2 or, excluding incoming and return tourist transportation, at 440.39 ktCO 2
(Vourdoubas, 2019). Therefore, annual offsetting of tourism-related CO2 emissions in Crete would cost
€20,525,580 while offsetting CO2 emissions, excluding incoming and return tourist transportation, would cost €
3,963,510.
10. Offsetting Carbon Emissions with the Creation of Tree Plantations
Carbon dioxide emissions due to international tourism in Crete could be offset with the creation of tree
plantations which absorb carbon through photosynthesis acting as atmospheric CO 2 sinks. Available data
regarding carbon sequestration from tree plantations vary and it will be assumed that fast-growing forest trees
could remove annually 20 tCO2 per ha. Forest restoration either in Crete or elsewhere could remove part or all of
carbon emissions due to tourism in Crete. Assuming total annual CO 2 emissions in Crete, including incoming
and return air transportation, at 2280.62 ktCO2, the required forest area which could absorb this quantity is
estimated at 114 031 ha. Annual emissions without air transportation of tourists have been estimated at 440.39
ktCO2 and the required forest area for its removal is estimated at 22 019 ha. The size of the required forest areas
estimated is large compared with the size of the island and it is neither realistic nor feasible to offset
tourism-related carbon emissions with reforestation projects in Crete. The cost of offsetting annual CO 2
emissions due to international tourism in Crete is presented in Table 2.
Table 2. Cost of offsetting annual CO2 emissions due to international tourism in Crete with forest carbon credits

Annual CO2 emissions 1
Area of forest plantations for offsetting
all carbon emissions
Annual cost of offsetting all carbon
emissions with forest carbon credits 2
1
2

Emissions including incoming and returning
tourists’ transportation

Emissions excluding incoming and
returning tourists’ transportation

2280.62 ktCO2
114 031 ha

440.39 ktCO2
22 019 ha

€ 20 525 580

€ 3 963 510

Vourdoubas, 2019;
Cost of forest carbon credits = 9 € per tCO2.

11. Estimation of the Carbon Intensity of the Tourism Industry in Crete
The carbon intensity of the tourism industry in Crete has been calculated as the quotient of its total carbon
emissions and the gross domestic product of the island attributed to tourism. Gross domestic product per capita
in Crete in 2015 was calculated at 13,912€ (www.statistics.gr), while the population in the island was 621,340
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inhabitants (Census, 2011, www.statistics.gr). The share of tourism to the gross domestic product in Crete has
been estimated at 47% (Angelakis, 2018). The gross domestic product of Crete in 2015 was estimated at 8.64
bil.€ while the amount attributed to the tourism industry was at 4.06 bil.€. Taking into account that CO 2
emissions in Crete due to international tourism are at 2280.62 ktCO 2 (including all the emissions due to air and
sea transport), or excluding incoming and return tourist transportation, at 440.39 ktCO2 (Vourdoubas, 2019), the
carbon intensity of the tourism industry in Crete is estimated at 0.562 kgCO2/€, or excluding incoming and return
tourist transportation, at 0.108 kgCO2/€. Various parameters related with the mitigation and compensation of
tourism-related carbon emissions in Crete are presented in Table 3.
Table 3. Parameters related with mitigation and compensation of tourism -related carbon emissions in Crete
Parameter

Value

1

2280.64 ktCO2
440.39 ktCO2
20 525 580 €
3 963 510 €
114 031 ha
22 019 ha
4.06 bil. €
0.51%

Tourism -related annual CO2 emissions in Crete (including air and sea transport)
1
Tourism -related annual CO2 emissions in Crete (excluding air and sea transport)
Annual cost of total elimination of CO2 emissions in Crete (including air and sea transport)
Annual cost of total elimination of CO2 emissions in Crete (excluding air and sea transport)
Area of forest plantations for offsetting all annual carbon emissions (including air and sea transport)
Area of forest plantations for offsetting all annual carbon emissions (excluding air and sea transport)
Gross annual regional domestic product in Crete attributed to tourism
Annual cost of the total elimination of CO2 emissions in Crete (including air and sea transport) to gross
annual regional domestic product in Crete attributed to tourism
Carbon intensity of the tourism industry in Crete (including air and sea transport)
Carbon intensity of the tourism industry in Crete (excluding air and sea transport)
1

0.562 KgCO2/€
0.108 KgCO2/€

Vourdoubas, 2019.

12. Discussion
Since the highest share of CO2 emissions into the atmosphere attributed to the tourism industry in Crete is due to
air travel, many published reports have emphasized the necessity to restrict air transportation during the holidays.
However this is impossible for tourists arriving from long destinations to Crete while international tourism in the
island is increasingly dependent on aviation. Mitigation of CO2 emissions in aviation is not easy with the
existing technology while mixed mitigation schemes could be developed, financed by tourists, air travel
companies, hotels and public authorities. Decrease of CO2 emissions in tourist accommodation with the use of
existing technology is easier than in transportation while the required technology is currently mature, reliable
and cost-effective. Tourist accommodation is a sector where significant reduction in GHGs can be achieved.
Decrease of carbon emissions due to food consumption can be achieved if locally produced food ingredients in
Crete are used in the preparation of tourist meals, minimizing the use of imported food. This can be combined
with the promotion of the local gastronomy and the healthy Cretan diet. Reduction of carbon emissions caused
during transportation of tourists to the island can be achieved with the use of less polluting modes of transport.
Taking into account the global efforts to cope with climate change, the island of Crete could be transformed in
the future into a carbon-neutral tourist destination with the combined use of low-carbon technologies in various
tourism activities and by offsetting the remaining carbon emissions with carbon credits. This will offer a
competitive advantage in the island and it will attract more environmentally conscious tourists who usually
spend more during their holidays. Estimated carbon intensities of the tourism industry in Crete at 0.562 kgCO2/€
are in the same range of tourism-related carbon intensities reported in other EU countries at 0.44-0.85 kgCO2/€
(Perch-Nielsen et al., 2010).
13. Conclusions
Mitigation and compensation of GHG emissions due to the tourism industry in Crete can be achieved with
various technological and non-technological measures. Air transport to Crete and return journeys have the
highest share in total CO2 emissions, due to the bunker fuels used, followed by carbon emissions in
accommodation. Carbon emissions in hotels and in other types of accommodation can be easily reduced while
mitigation of CO2 emissions due to air flights is rather difficult due to the lack of appropriate technologies and
low carbon fuels. Offsetting of carbon emissions can also be achieved with the use of carbon compensation
credits or with the implementation of afforestation projects. The total annual cost of eliminating all carbon
emissions due to the tourism industry in Crete has been estimated at 20,525,580€ (including all carbon emissions
due to air and sea transport) and at 3,963,510€ (excluding all carbon emissions due to air and sea transport). The
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amount of 20,525,580€ corresponds to 0.51% of the total annual income of the tourism industry in Crete,
estimated at 4.06 bil.€. The required area of forest plantations for offsetting all carbon emissions has been
calculated at 114,031 ha. The carbon intensity of the tourism industry in Crete is estimated at 0.562 kgCO 2/€
including emissions due to air and sea transport, or excluding incoming and return tourist transportation, at 0.108
kgCO2/€. Further research should be focused on the comparison of the carbon intensity of the tourism industry in
Crete with the carbon intensity of other industries in Greece and abroad. Additionally, empirical studies
regarding the attitude of international tourists arriving to Crete for voluntary compensation of their carbon
emissions resulting during their vacations will reveal the appropriate policies for mitigation of tourist-related
CO2 emissions in the island.
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