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Introduction

Energy consumption in tourism and tourism mobility is rising and creates great environmental effects and high costs, which have large potential for reduction through use of renewable energy sources, energy savings and efficiency. This paper explores the possibility to adopt new approaches inspired by the ‘green economy’
, aiming at a reduction of fossil fuels and energy consumption without foregoing luxury through a more sustainable management of coastal tourism services and mobility. The ways to make tourism more sustainable are manifold and depend very much on the type of tourism considered. The paper will describe the problems and solutions proposed for mass tourism, typical of many coasts in the Mediterranean basin. The definition of mass tourism applies, when the population during the holiday season and the peak days increases by a factor of 3 – 5. Mass tourism increases the human pressure on coasts and the challenge to conserve and increase the appeal of the destination, without compromising the characteristics of the local environment and the wellbeing of the population. The number of tourists at a destination defines the carrying capacity of the environment in the area. The risk to reach and exceed the carrying capacity is high for many tourism destinations in the Mediterranean area. The scarcity of water, the limited capacity to collect and dispose solid wastes, and to treat wastewaters are important limiting factors of many tourism destinations and especially of coastal areas where the seasonal concentration of population including tourists is high. A relevant limiting factor is constituted by the increased demand for energy and electricity. In tourism activities energy is requested for many purposes: heating (mainly for destinations in the mountains or in the ski resorts), and air conditioning, warm water and other electrical appliances and lighting.
This paper will look at options to reduce energy consumption overall through energy savings, energy efficiency and replacing fossil fuels with more sustainable energy resources. This includes the reduction of energy in heating systems through insulation of the building walls and double glass windows; high efficiency heating system using condensing boiler to reduce heat losses. In areas where the climate is relatively mild the use of heat pumps is also strongly recommended because of a high efficiency in using electricity. If the destination is located in an area rich of woods the use of biomass instead of fossil fuels is a valid way to improve sustainability.

The connection between energy consumption for tourism and climate change is twofold. Tourism activities produce a significant amount of greenhouse gases contributing to global warming; on the other hand the greenhouse effect affects the local climate. It has been recognized that, among the different causes of greenhouse gases emissions due to tourism activities, travels to long distance destinations (amongst the most requested in the tourism market) create most greenhouse gas emissions and thus contribute strongly to climate change. 

The analysis presented in this paper shows that the reduction of greenhouse gas emissions from tourism mobility is economically unsustainable. A reduction of flights would limit the profitability and growth of the tourism sector. However less drastic measures are possible, such as avoiding stops between the starting point and the destination. The question thus arises if it is possible to reduce the fuel consumption of airplanes with technological innovations. The gains reached and expected by technological innovation are represented in Fig. 1 showing a reduction in fuel consumption of about 70% in the period 1960 – 2010. Further improvements are expected in the coming years but with a decreasing steepness of the slope of the curve. 

Figure 1. Long haul aircraft fuel efficiency gains since 1950 as an index (100) of De Havilland DH106 Comet 4.
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Source: based on Peeters et al. (2005)
Comparing the fuel consumption of a modern airplane (Airbus A380) with that of an efficient car offers interesting conclusions about the technological improvements in airplane design. The Airbus A380 is a four-engine airliner manufactured by the European corporation Airbus, a subsidiary of  European Aeronautic Defense and Space Company N.V. (EADS), a large European aerospace corporation, formed by the merger of DaimlerChrysler Aerospace AG of Germany, Aérospatiale-Matra of France, and Construcciones Aeronáuticas SA of Spain . The Airbus A380 is the largest passenger airliner in the world; it provides seating for 525 people in a typical three-class configuration or up to 853 people in all-economy class configurations. Airbus A380, known under the nickname Superjumbo, is the first aircraft to surpass the 3 liter per 100 seat-km barrier. Taking into account a typical occupancy rate of 70% this translates into 4 liter per 100 km per passenger, about the same as a small car with an average load of 1.25 passengers.
 Other possibilities to reduce energy consumption from tourism are related to a marginal portion of the tourism market: they include the idea of “slow tourism” or other forms of responsible tourism.
The vulnerability of coastal tourism

The expected modifications of the tourism destinations due to global warming are strong for coastal areas whose environment is particularly sensitive. Beach tourism remains one of the dominating market segments, giving a high contribution to the economy of many developing countries where coastal tourism is already present. The vulnerability of coastal destinations is expected to grow due to local effects of global warming such as the increase of local extreme events and impacts, storms, coastal erosion, sea level rise, flooding, water shortages and water contamination. The enhanced vulnerability is often accompanied by a low adaptive capacity, especially in coastal destinations of developing countries. The seasonality of coastal tourism is a further aspect to be taken into account in the framework of the problems created by the climate change. In coastal areas tourism is concentrated in few months coinciding with low water availability, high consumption of fuels, electricity, etc. In some expected conditions global warming could also play a positive role; this could be the case for Mediterranean destinations where the season could be enlarged and the winter time might be more appealing to tourists, providing opportunities to reduce seasonality and expand the tourism product. 

The case study: sustainable energy management in coastal tourism of Adriatic Riviera

In Emilia Romagna, an Italian region by the Northern Adriatic Sea known for its tourist activity, the need for more sustainable energy use and tourism management is particularly strong. The rising number of tourists and travels as well as the increase of transport possibilities to diverse destinations has caused pressures on the environment, particularly in coastal areas. Thus energy consumption from tourism in accommodation and mobility has also increased overall, however the amount is specific to the accommodation type and the means of transport used. This paper proposes energy efficiency, energy saving and renewable energy sources as economically viable and environmentally sustainable options which can help tourism operators to mitigate the causes of climate change and adapt to its impacts.

I. Coastal Tourism

a. Tourism numbers

Tourism is generally understood as the movement of people in space and time, leaving their home for another location. The World Tourism Organisation (WTO) defines a tourist as a "visitor staying for more than 24 hours in a country visited for business or leisure purposes".
 According to the World Bank Development Data Group
, international tourism receipts contributed 887,743 million US dollars to the global economy in 2006.
 Overall international tourist arrivals are expected to continue to grow and to reach 1.6 billion in 2020. Europe, East Asia and Pacific as well as the Americas will be the regions receiving most tourists.
b. Beach tourism

Coastal areas in warm climate zones have been and continue to be top destinations. Coastal tourism is one of the fastest growing forms of tourism.
 At the same time, coastal areas are already densely populated, if not overpopulated.
 Population density in coastal areas is 80 persons per km2 - double the average.
 However, coastal zones and littorals are of high environmental value and importance as they constitute an integrated system of terrestrial, transitional (estuarine) and marine ecosystems. Coasts represent a particularly productive area and host a large variety of species, diverse habitats and resources. Due to the large variability the coastal interface is an extremely fragile system and is often subject to risks from both the sea and land. Extreme and increasing human pressure on the coast through population growth and unsustainable development calls for the need to manage these fragile areas with specific attention and policies. 
Emilia Romagna is the region in Italy with the most consistent tourist turnover in the 1990s, followed by Veneto, Toscana and Lombardia. It has most arrivals and most tourist presences of all Italian regions.
 Coastal tourism in Emilia Romagna is dominant, with 66.8% of all tourists staying in coastal destinations. Looking at the tourist presences, i.e. the number of tourists multiplied by the nights of their stay, coastal tourism even accounts for 82.8%.
 This means that tourists travelling to the coast tend to stay longer, whereas the tourists visiting cities only stay for a short time. However, the comparison of the arrival and presence data suggests that Emilia Romagna is affected by increasing fragmentation of the holiday period, meaning that tourists tend to take more and shorter holidays.
Most of the international tourists to Emilia Romagna in 2007 were German and they also accounted for the tourists that stayed longest (the presences amounting to 1,987,951 whereas arrivals were 367,297). The average period of stay for a typical German tourist in Emilia Romagna is 5.4 days, against 4.4 days as average period of stay of total tourists in Emilia Romagna. However, the number of German tourists has decreased lately. In 2004, the Travel Analysis of the German Association for Tourism and Development (Studienkreis für Tourismus und Entwicklung e.V. im Auftrag des Umweltbundesamtes) found that a clean environment at the destination is important to German tourists.
  This might suggest that German tourists look for destinations that offer a less disturbed environment than the coast of Emilia Romagna. This explanation would imply that it is crucial for Emilia Romagna to offer tourists a more sustainable environment to keep attracting these tourists.

c. Tourism mobility

When looking at tourism mobility we have to keep in mind that transport for tourism only accounts for a fraction of all transport. A large portion of general transport serves for moving freight and non-tourist passengers. However, tourism mobility lies at the heart of tourism. It is the link between home, destination, accommodation, attraction, and all other stages of the tourist trip. Its efficiency, comfort and safety determine to a large extent the quality of the tourist’s experience and in many cases its cost comprises the largest portion of a tourist’s total expenses. According to a study by Peeters et al., Professor of Applied Sciences at the NHTV University, out of total car transport, 20%-30% are used for tourism mobility. Similarly, 20%-40% of rail travel serves tourism purposes, whereas 60%-90% of passenger air travel accounts for tourism mobility. Tourism represents a strong driver for demand for transport and will further increase in the future. Technological development and lower prices of transport facilities encourage tourism. 

The development of the air travel industry, especially low-cost airlines has allowed for increased mobility and has made travelling accessible to a growing number of the world’s population. The air-travel industry has substantially reduced travel time and travel costs for longer haul travel inside Europe in competition with other transport modes. The most popular air-travel models are the Low Cost Carriers (LCCs) focusing on sea, sand and sun tourism, short stay city trips and cultural destinations.
 A study conducted by a German airport survey showed that the offer of low ticket prices by LCCs has generated new demand for tourism travel.

II. Energy consumption in tourism and tourism mobility

a. Energy consumption in tourism
Energy consumption in tourism depends on the type of services offered, the type of accommodation and the energy management approach. Services provided at the accommodation require energy including heating/cooling, cooking, illumination, and cleaning. Furthermore, energy is needed for office use.

The province of Rimini has conducted an insightful study on the energy consumption of three hotels within its territory. The hotels have been selected on the basis of different sizes, diverse periods of high season, various services and categories. Comparing the specific energy infrastructure of the hotels and relating them to the daily consumption per room, several observations can be made. Hot water, heating and the air conditioning system (ACS) account for a large part of the total energy consumption of the hotels. This conclusion stems from the fact that hotel 1 does not have an ACS heating and cooling system and uses less energy than the other 2 hotels. Hotel 2 has a large ACS power (230kW), which it uses for hot water, heating and air conditioning. Finally, hotel 3 has the highest daily consumption per room and user consumption per day, as it has an ACS (83kW) but in addition uses a heat pump.

Figure 2: Energy Audit results from three different hotels in Rimini
	
	Hotel 1
	Hotel 2
	Hotel 3

	Category
	2 star
	3 star
	3 star

	Days in high season
	100
	240
	365

	Nr of rooms
	20
	84
	45

	Hot water
	gas
	ACS (230 kW)
	ACS (83 kW)

	Heating
	no
	
	heat pump

	Air conditioning
	Split system
	
	

	Elec. energy consumption (kWh)
	17111
	123198
	95117

	Gas consumption (Mc)
	4500
	28335
	15447

	Water consumption (Mc)
	2000
	5663
	1000

	Daily consumption per m2

	Methane (kWh/m2/d)
	0.21
	0.58
	0.57

	Electric Energy (kWh/m2/d)
	20.55
	63.91
	88.17

	Total
	20.77
	64.49
	77.73

	Daily consumption/room

The study assumed that the average room is 16m2
	332.32
	1031.84
	1243.68

	User consumption per year and per day

	Methane (kWh/user/y)
	275
	2152.6
	5174.6

	Elec. Energy (kWh/user/y)
	95.6
	856.1
	2914.4

	Total
	370.6
	3008.7
	8089

	User consumption / day
	3.71
	12.54
	22.16


Source: BELIEF Rimini

The table shows that energy use strongly depends on the energy infrastructure and the heating and air-conditioning system of the hotel. Also this conclusion is important for hotel managers, because at an accommodation, expenses for employees and material, cleaning etc. are often indispensable and thus inflexible. Appliances and utilities though represent an area where large savings can be made through efficiency improvements. Accommodation providers should have a particularly strong interest in reducing energy consumption in order to save costs and ensure a sustainable future of the destination.
b. Energy consumption in Tourism mobility

Having looked at energy consumption in accommodation, we now need to consider how much the energy consumption increases when adding on the travel from home to the tourist destination and back. Energy consumption for transportation will depend on two factors: the type of transport used and the distance needing to be covered. We will use the city of Cervia as an example to show the total energy consumption and its related CO2 emissions for different transport modes and accommodation. In order to evaluate the role of transport in the total energy consumption, we will assume a stay of 7 consecutive days, which is the average period of stay in Cervia. The assumption for the distances from the tourists’ departure place to the destination is 1000km and fuel consumption will be measured for the return trip, i.e. 2000km.
 With Cervia as a destination, the tourist could theoretically come from Germany, the Benelux states or France in the Northwest.

The user consumption data comes from the previously evidenced energy audit from Rimini. Of the three hotel studies conducted in Rimini, we have chosen hotel 1 with the lowest energy use per person, which will represent the best case scenario. Hotel 3, the medium sized but energy intensive hotel stands for the worst case scenario. The respective daily user consumption values have been multiplied by seven, to indicate the time of stay. 

Figure 3: Fuel consumption & CO2/person produced for a destination 1000km away 7 days 

Best case scenario (hotel 1) and worst case scenario (hotel 3)

	Type of transport
	Air
	Car
	Train/Bus
	7-day stay: hotel 1
	7-day stay: hotel 3

	fuel consumption/2000km person (kg)
	80
	20
	4
	 
	 

	fuel consumption for 7-day stay (kg)
	 
	 
	 
	26
	155.12

	CO2 emission (kg)
	240
	60
	12
	78
	465.36

	                                                               a conversion factor CO2/fuel of 3 has been assumed


The results of the calculation show that the fuel consumption for covering a distance of 2000km is highest when choosing air-travel. The fuel consumption of a car to cover the same distance is four times smaller than that of the air-travel. Consequently, the CO2 emissions related to the travel are highest when taking an airplane. In this best case scenario, energy consumption and the related amount of CO2 emissions of the accommodation amounts to a third of the energy consumption of air travel. The worst case scenario draws a different picture, because the energy consumption and CO2 emissions from the stay at the accommodation are double that of the air travel.

III. Environmental impacts from tourism and tourism mobility

Energy consumption generates GHG emissions which can cause climate change and engender impacts that harm the environment.
 Indeed, data from the WTO Climate Report shows that total CO2 from tourist activities amounts to 4.9% of total world emissions. 

Figure 3: Total amount of CO2 produced by tourism activities
	 
	CO2

	
	Mt
	Share in tourism (%)

	Air transport
	515
	40

	Car
	420
	32

	Other transport
	45
	3

	Accommodation
	274
	21

	Other  activities
	48
	4

	Total tourism
	1302
	100

	Total world
	26400
	-

	Share of tourism in total world (%)
	4,9
	-


Source: WTO Climate Report 2008

At global level, tourism mobility causes around 75% of total CO2 emissions out of all emissions from tourism, with aviation representing the bulk of it (40%). According to the DG Environment study by Ron de Wit, EU GHG emissions from international aviation grew by 87% between 1990 and 2004 (73% increase for 1990-2003), while total GHG emissions decreased by 5,5% between 1990 and 2003 (figure 34).
 Air traffic is furthermore expected to double in the next 15 years and will counteract the reduction of CO2 emissions achieved in other sectors. 

According to the opinion of the scientific community the GHG emissions contribute to climate change, which in turn has various impacts on the environment and for coastal areas. Many of these negative effects have already started occurring, such as the melting of glaciers and arctic ice, sea level rise, increased frequency of extreme weather events such as storms and droughts. This has been observed to lead to declines of precipitation in areas that are already lacking water and increase precipitation at higher latitudes.
IV. Sustainable energy management

A way to mitigate climate change as well as adapting to its impacts is through energy management. Market mechanisms or policies can improve energy management and thus reduce GHG emissions from tourism accommodation and transport by considerable amounts. Where negative climate change impacts already affect coastal areas, mitigation needs to be complemented by adaptation. Adaptation means preparing for the irreversible impacts from climate change and can include for example the installation of buffer zones near the shore to protect infrastructure against sea-level rise and flooding. Mitigating the environmental effects from energy consumption in tourism and tourism mobility could be done by reducing GHG emissions, which can be achieved by:

· energy saving (i.e. using less energy through awareness and behavioural change)

· energy efficiency (i.e. reducing energy consumption through technological improvements such as electric appliance  performance)

· use of renewable energy sources

Energy savings and efficiency help to reduce the price of a hotel room or other tourist services and investment in renewable energies will allow accommodation structures and whole communities to depend less on the rising oil and gas prices.
 Improving energy efficiency in tourist destinations and installing renewable energy in tourist accommodation has large potential to regain Italy’s price-competitiveness and to attract more tourists.
Concerning the use of market mechanisms to incentivise airlines to reduce CO2 emissions are several. Firstly, a simple increase of airline ticket price could incentivise customers to fly less.
 Secondly a fuel tax or emission tax could be imposed on airlines. Finally a cap and trade mechanism creating an Emissions Trading Scheme has been the policy chosen by the EU, who was since 2009 included some flight categories in the EU ETS.

Renewable energies sources: supply and use in off-grid ecotourism facilities
As a last topic of this paper, types of tourism developed in remote destinations (eco-lodges) are considered. Factors affecting energy use in eco-lodges and other tourism facilities are analyzed giving particular attention to the use of renewable energy sources. Factors affecting the selection of energy supply options and technologies include impacts of energy systems on the local environment and communities. For eco-lodges energy is vital under the form of electricity for lighting and for all electric appliances, such as refrigerator, phone, etc. Heat is also necessary for cooking and producing warm water for the bathroom and shower.
Whereas conventional, grid-connected hotels typically operate with few energy supply concerns or end-use restrictions, energy supply, use and efficiency are all major concerns for off-grid facilities; energy supply problems in off-grid facilities can be addressed with adequate technology. Electricity is the energy source for electric lamps, motor-driven appliances and electronic devices; thermal energy is the source for heating applications. In eco-lodges energy consumption is reduced to a minimum; conventional hotels are large energy consumers whereas energy consumption per guest-night in small Caribbean tourist hotels typically ranges between 20 to 100 kWh/guest-night. A conventional tourist hotel in tropical climates energy consumption amounts 25 kWh/guest-night. An eco-lodge providing basic services can consume less than 0.5 kWh/guest-night (25 times less electricity than an energy-efficient hotel).

The main energy use objectives for sustainable lodging facilities call for minimizing energy consumption (for environmental and economic purposes), avoiding electrical applications in locations where on-site electricity generation is costly and minimizing the use of fossil fuels for electricity generation or thermal applications. Energy efficiency is essential for the survival of remote off-grid facilities. The availability of energy in remote location produces different benefits such as greater comfort to guests and staff, lower reliance on fossil fuels, simpler and less expensive primary and backup energy systems and lower maintenance requirements and operating costs.
There are some energy supply options for off-grid facilities: renewable and non-renewable sources of energy; among the renewable sources include solar energy, wind energy, hydropower and biomass; main non renewable sources are diesel oil, gasoline, kerosene and propane.

Selecting among the different options is difficult and critical since many factors affect the choices. The energy supply system should ideally rely on renewable energy sources, produce enough energy to reliably meet the needs of the facility, require no or minimal fossil fuel backup capacity and finally require a moderate investment. Criteria to select energy source and use should rely on energy needs and end-uses and on location and features of the site. Moreover the choice should take into account the typical environmental impacts of various energy systems (table 2).

Table 2. Environmental concern of different energy sources for eco-lodges
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The energy systems used in remote facilities not connected to the grid are giving contribution to sustainable tourism: they reduce net emission of greenhouse gases; use renewable sources of energy available in most locations; make recourse to proven and reliable technologies; do not require a constant input of consumables (no motor oil, filters, etc): their life cycle costs (wind and hydropower) can be very attractive; some can be built on site; their service life is relatively long(15-25 years). But energy systems used in eco-lodges also have some drawbacks: high initial costs (especially for photovoltaic systems); high-tech components in renewable electricity generation systems; low power output (except in areas with large wind and hydropower resources); often need some type of non-renewable energy backup system and finally cost and unavailability in rural markets of high-efficiency appliances
Conclusion

The cases of tourist accommodation and examples of tourism mobility seen in this paper found that the energy consumption and the related greenhouse gas emissions strongly depend on the energy infrastructure of the accommodation, especially installations for heating, cooling and hot water. For tourism mobility, the type of transport and the distance to be covered determine the amount of energy consumed and emissions generated. The principal environmental impact of greenhouse gas emissions is climate change and the paper identified the main secondary effects of climate change which affect coastal areas. These changes threaten the quality of the destination which is at the core of the tourism product. It therefore makes not only environmental but also business sense for stakeholders in tourism and tourism mobility to act more sustainably.
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