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ABSTRACT

Developed by the French Environment and Energy Management Agency, the Bilan Carbone® version 6 has been increasingly used by various companies, industries, local authorities and even territories to quantify the greenhouse gas (GHG) emissions and priotize some relevant mitigation options. Based on the Bilan Carbone method, this paper introduces the outcomes of GHG emission inventory for Hue tourism sector. Fifty entities of different scales, which are engaged in tourism, have been selected for the data collection with structured questionnaires. The multi-site inventory approach shows that among four sub-sectors of Hue tourism, the ‘transport of tourists’ accounts for the largest share in terms of GHG emission (367,686.4 tons of CO2 equivalent). For the site inventory which regards the whole tourism sector as a single site, the final data analysis reveals that of Hue tourism’s activities, the ‘travel’, particularly ‘travel by all tourists to Hue’, is the largest contribution (373,303 tonnes CO2 equivalent) to the total GHG emission. The paper also attempts to give some interpretations for the inventory outcomes and proposes that the city should set priority for the ‘travel of tourists’ while considering GHG emission mitigation measures for Hue tourism.

INTRODUCTION  

The latest Economic Impact Research conducted by the World Travel & Tourism Council shows that the global tourism is continuing to grow in spite of economic challenges (WTTC, 2012). Taking account of its direct, indirect and induced impacts, the world tourism’s total contribution to GDP in 2011 was US$ 6.3 trillion, representing 9% of the total GDP. Yet, not only does the tourism sector significantly facilitate the economic growth and provide other benefits, it also produces a substantial amount of greenhouse gases (GHGs) with far-reaching consequences for global climate change. Despite some uncertainties, the worldwide contribution of GHG emissions by tourism only is estimated at roughly 7% of the total share (WTTC, 2012).    
In the tourism sector, GHGs are released directly through the operation of accommodations (e.g. heating, cooling, washing, cooking, etc), tourist catering services (e.g. bars, disco’s, cinemas, motorised sports, cable-cars, scenic tours, etc.) and transport of tourists between their homes and destinations (e.g. by car, coach, train, ferry, aircraft, etc). In  addition, there is also indirect GHG emissions from food consumption by tourists and tourism employees, materials used in hotels and restaurants, solid waste and wastewater, and so on. All of these both adversely affect the quality of environment and contribute to the greenhouse effect either in  short term or long term. 
As stipulated by the Government of Vietnam, all centrally governed ministries, industries, provinces and cities are legally obliged to develop and implement their own action plans in response to climate change. As a small scale city, Hue is not subject to such requirement. However, it has proactively conducted, in close partnership and collaboration with the Asian Institute of Technology (Thailand), a joint research entitled Sustainable Urban Tourism through low carbon initiatives: Experiences from Chiang Mai and Hue with an aim of initiating some GHG emission mitigation measures for Hue tourism while ensuring to create more decent job for local people. One of the very first steps of the joint research is to use the Bilan Carbone® version 6 for computing the GHG emissions from Hue tourism sector. 
The purpose of this paper is to briefly introduce the Bilan Carbone method which has been increasingly used to calculate GHG emissions from various companies, industries, public administrations and territories. In addition, whilst making an inventory of GHG emissions from Hue tourism sector, it also tries to provide some scientific and realistic evidences on the outcomes of GHG emission analysis, which are expected to pave the way for the next step of initiating some associated GHG mitigation options.

INVENTORY OF GHG EMISSIONS FOR HUE TOURISM SECTOR 

Introduction to the Bilan Carbone method
Developed by the French Agency for Environment and Energy Management (ADEME), the Bilan Carbone tool serves as an accounting method for calculating in details the direct and indirect GHG emissions. Its analysis covers all of six GHGs (CO2, CH4, N2O, SF6, HFCs and PFCs) mentioned in Kyoto protocol, CFCs and water vapor released into the stratosphere by airplanes. The Bilan Carbone accordingly provides an overview on the various emission sources and their contributions to climate change at various industries which include the tourism. By employing this method, the GHG emissions from different types of reduction scenarios can be estimated, and thereby helps to identify appropriate and effective action plans and/or policies as well as potential implementation options to reduce GHG emissions.
The Bilan Carbone method is somewhat similar to the techniques of “Rapid asessment of sources of air, water and land pollution’ which are primarily based on the magnitude of emission sources and emission factors (see Figure 1). The cores of Bilan Carbne tool are workbooks and spreadsheets in MS. Excel with ready-made calculating and converting formulas. All emission factors are arranged in a separate spreadsheet and linked to corresponding cells in other ones. Thus, in the event the users add or modify emission factors, the results in associated cells and spreadsheets are altered accordingly (ADEME, 2009). 
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Figure 1. The calculation of GHG emissions based on magnitude of sources  and emission factors

For the purpose of simplifying the inventory of GHG emissions, the Bilan Carbone method brings forward some following assumptions: 
·  The time horizon of global warming potential (GWP) is 100 years (see GWP value of some GHGs in Table 1).
·  Ozon is not taken into account due to some facts such as its short lifetime in the atmosphere, a very few of emission source and a difficulty in calculating it in indirect emission sources.
·  Consideration is also not given to water vapor because of its short life-span in the atmosphere.
As compared to the previous Bilan Carbone, i.e. version 4 and 5, the version 6 is more comprehensive and informative in that it provides a high level of modularity with a ‘site’/’multisite’ that enables it to be adapted to a maximum of cases to utilize the Bilan Carbone, either for businesses or local authorities. Furthermore, it offers a new architecture for enabling users to carry out the Bilan Carbone simply and introduces a new modul of territory for expanding its application to various territories (ADEME, 2010). 

Table 1. GWP value of some GHGs in a time horizon of 100 years
	GHGs
	Time horizon of 100 years

	Dioxide carbon (CO2)
	1

	Methane (CH4)
	25

	Nitrious oxide (N2O)
	298

	Hydrofluorocarbon (HFCs)
	124 – 14.800

	Perfluorocarbon (PFCs)
	7.390 – 12.200

	Chlorofluorcarbon (CFCs)
	4.750 – 14.400



Multi-site inventory of GHG emissions produced by Hue tourism
Fifty entities engaged in Hue tourism sector, which include 18 hotels, 18 restaurants, 6 tourist transport companies and 8 small businesses catering for tourists were selected for data collection with structured questionnaires. There are two criteria set for the selection: First, the selected entities need to be in different scales and different sub-sectors, so that they adequately represent all major activities of the total number of 265 tourism entities in the city. Second, the selected entities should be more likely to become potential boundary partners in the second step of the project, i.e. the follow-up workshop on the mitigation actions of GHG emissions and job creation for local people.   
For the multi-site inventory of GHG emissions, the data collected from fifty tourism entities were first grouped into four sub-sectors, namely ‘hotel’, ‘restaurant’, ‘transport of tourists’ and ‘other activities’, then were converted to the corresponding data of 265 entities as illustrated in the following example:  
- Total electricity consumption of the sub-sector A = (Total number of survey entities in sub-sector A) x (Average electricity consumption of a survey entity in sub-sector A)					(1)
- Total electricity consumption of the sub-sector B = (Total number of survey entities in sub-sector B) x (Average electricity consumption of a survey entity in sub-sector B)					(2)
- Total electricity consumption of the sub-sector C = (Total number of survey entities in sub-sector C) x (Average electricity consumption of a survey entity in sub-sector C)					(3)
- Total electricity consumption of the tourism sector = (1) + (2) + (3)
The ‘hotel’ and ‘restaurant’ cover emissions from electricity and fossil fuel consumption, food consumption, waste generation and other materials used within their premises. The emissions from the ‘transport of tourists’ take account of the travel of visitors within Hue city boundary and the travel of visitors to the city from outside. The ‘other activities’ include GHG emissions not covered by the ‘hotel’, ‘restaurant’ and ‘transport of tourists’. Thus, the Bilan Carbone inventory of multi-site approach shows the outcomes of GHG emissions not only by sources of emission, but also by type of tourism business in Hue city. 
Table 2 provides a summary of GHG emissions from Hue tourism’s sub-sectors. In the event the international travels of tourists are included, the Bilan Carbone inventory of multi-site approach shows that the ‘transport of tourists’ contributes most to the total GHG emission of Hue tourism (74.7%). The ‘hotel’ and ‘retaurant’ are the second and third contribution, representing 17.3% and 5.1% respectively, and the ‘other activites’ account for only 2.9% (see Figure 2).
 
Table 2. Summary of GHG emissions (in tons of CO2 equivalent) from Hue tourism sector 
	
	Hotel
	Restaurant
	Transport of tourists
	Other activities

	Energy use (electricity and fuel)
	13,385.7
	2,802.6
	786.5
	830.5

	Non-energy use (refrigeration & fertilizer)
	1,105.6
	884.6
	44.0
	177.0

	Inputs (materials, products and services)
	7,849.3
	2,803.2
	112.4
	448.4

	Freight (transport of goods and materials)
	35,758.6
	11,919.7
	7,912.9
	2,979.7

	Travel
	14,228.4
	212.5
	357,217.4
	5,960.4

	Direct waste
	1,876.2
	892.0
	86.9
	118.7

	Property (infrastructure and assets)
	10,903.7
	5,452.1
	1,526.4
	3,925.2

	TOTAL
	85,106.9
	24,966.2
	367,686.4
	14,440.9
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Site inventory of GHG emissions produced by Hue tourism
For the site inventory, the calculation of GHG emissions is carried out for the entire tourism sector. In case of being conducted without multi-site inventory, the site inventory approach is basically similar to that of territorial modul which regards the whole territory as a single site.  
Energy use
Accoring to the survey, the total amount of electricity consumed by the tourism sector in 2011 is 28,443,327 kWh. For the fixed sources, some fossil fuels such as LPG, cooking coal, petrol and diesel oil were used by various tourism activities such as cooking, power generation in case of electricity outage, lawn and tree cutting, etc.  The amounts of fossil fuels used in 2011 are shown in Table 3. Petrol and diesel were used for generators and cutters while LPG was used mainly for cooking. 

Table 3. Amount of fossil fuels used by Hue tourism sector
	Fuel type
	Unit
	Amount

	Petrol
	liter
	18,233.1

	Diesel oil
	liter
	39,085.9

	LPG
	kg
	225,840.2

	Coal
	kg
	78,971.1



Table 4 provides the results of Bilan Carbone inventory for energy. Within this use, the source of GHG emissions mainly comes from the purchased electricity with a contribution of 16,613 tons of CO2 equivalent. The GHG emission calculation of electricity consumption is based on the fact that the emission factor of grid electricity in Viet Nam is estimated at 0.539 tons of CO2 equivalent/MWh (MONRE, 2011). 

Table 4. GHG emissions from energy use
	
	Tons of CO2 equivalent
	%

	Fossil fuels used
	1,192.5
	6,7

	Electricity purchased
	16,612.9
	93,7

	TOTAL
	17,805.4
	100



Non-energy use
Two sources of GHG emission from non-energy use were identified including the leakage of refrigerants from air conditioners and the use of nitrogen-containing fertilizers. According to the survey, the total number of air conditioners used by Hue tourism sector is 10,350. Of which, the number using R-22 is 8,106, and the rest uses R-410a. 
There are two kinds of fertilizer, namely N-containing and Urea, being used at some tourism entities with the annual amounts of 5,968 kg and 800 kg respectively.
The total GHG emission from non-energy use computed by Bilan Carbone tool are summarized in Table 5 with its majority falling in the leakage of R-22 (1,897 tons of CO2 equivalent). 
 
Table 5. GHG emissions from non-energy use
	
	Tons of CO2 equivalent 
	%

	Nitrous oxide
	8.5
	0.4

	Kyoto halocarbons (R-410a)
	305.8
	13.8

	Gases excluding. Kyoto (R-22)
	1,896.9
	85.8

	TOTAL
	2,210.6
	100



Inputs 
The inputs consist of materials (e.g. metals, plastics, glasses, paper, etc.), various products and office supplies, and services purchased by tourism entities. They spent money on purchasing incoming materials, stationery items, etc. The payments for such services as insuarance, consultancy, etc. are also included in this category.  
In terms of GHG emission from the agricultural product, its inventory is made on the basis of meals. In general, most of employees working for tourism sector go home for lunch and dinner. Therefore, the total survey number of 6,933,395 meals in 2011 comes basically from tourists.  
The GHG emission results of the incoming materials, products and services are listed in Table 6 with the largest emission found in agricultural products (9,912 tons of CO2 equivalent). 
 
Table 6. GHG emissions from purchasing materials, products and services
	
	Tons of CO2 equivalent
	%

	Metals
	72.6
	0.6

	Plastics
	16.4
	0.1

	Glasses
	27.0
	0.2

	Paper & cardboard
	112.4
	1.0

	Building materials
	218.9
	2.0

	Chemical products
	762.1
	6.8

	Agricultural products
	9,911.5
	88.4

	Office supplies
	18.6
	0.2

	Insurance, advertisement, etc. 
	73.1
	0.7

	TOTAL
	11,213.2
	100



Freight 
The results of using Bilan Carbone method for quantifying GHG emission from the freight (transport of goods and materials) in Hue tousim sector are shown in Table 7. The largest share in this domain is the outgoing road freight (24,840 tons of CO2 equivalent), much higher than the internal road freight (13,400 tons of CO2 equivalent) and incoming road freight (20,331 tons of CO2 equivalent).
At present, some large scale tourism businesses like Huong Giang Tourist Joint Stock Company comprise a number of its subsidiaries such as Lang Co Resort, My An Hot Spring Resort, Huyen Tran Cultural Center, etc. which are located in Hue city’s vicinity. Additionally, Huong Giang Tourist Joint Stock Company is doing some new projects e.g. Thuan An Resort, New Paradise Tourist Area, Thuy An Ecotourism area, etc. which require frequent freights of goods and materials. These realities help to explain, to some extent, why the outgoing freight accounts for the largest share of GHG emission in the domain of freight.   

Table 7. GHG emissions from the freight
	
	Tons of CO2 equivalent 
	%

	Internal road freight
	13,400.0
	22.9

	Outgoing road freight
	24,839.5
	42.4

	Incoming road freight
	20,331.3
	34.7

	TOTAL
	58,570.8
	100



Travel 
According to the Bilan Carbone method, the travel by employees working in tourism sector and by tourists coming to Hue is broken up into three following sub-categories: 
· Home to work travel by employees
· Travel by employees in the context of work  
· Travel by tourists (both international and domestic) of all modes 
The results of GHG emission inventory for the above sub-categories are shown in Table 8. For the travel by train, the emission factor of train in Thailand is used given that there is a similarity between trains in Vietnam and Thailand in terms of GHG emissions.
In this domain, the travel by tourists of all modes represents nearly 99% of GHG emission. This is understandable because the number of tourists visiting Hue have been rapidly increasing over the past several years and achieved the highest in 2011. In addition, a majority of tourists travel to Hue city by modes of inter-urban coach (54.2%) and plane (33.1%) (Hue city Office for Statistics, 2012). Such realities partly make the travel by all tourists become the largest contribution to the GHG emission in the domain of travel.

Table 8. GHG emissions from the travel
	
	tons of CO2 equivalent
	%

	Home – work travel by employees
	3,481.6
	0.922

	Motorbike travel in the context of work by employees
	9.5
	0.002

	Car travel in the context of work by employees 
	510.4
	0.135

	Airplane travel in the context of work by employees
	314.3
	0.083

	Subtotal
	4,315.8
	1,143

	Travel by tourists of all modes
	373,302.9
	98.857

	TOTAL
	377,618.6
	100



Direct waste  
There are not any data available for the calculation of sewage generation from the tourism sector. It is therefore estimated from the water consumption data based on the fact that the amount of generated sewage is equivalent to 80% of the amount of public water used, and that the BOD5 concentration of domestic sewage in Hue is 86 mg/L (Department of Environmental Science, Hue College of Sciences, 2011). According to our survey, the total amount of public water consumption in Hue tourism sector is approx. 1,860,500 m3/year, and the BOD5 load is estimated at 128,003 kg/year. 
Table 9 reflects the results of GHG emissions of the direct waste generated by Hue tourism sector. The largest share of GHG emission in this domain is sewage. This is explainable since there is not any sewage treatment plant in the city. As a result, all types of wastewater are now being released directly into water bodies of the city. To make matters worse, the current price of public water charged for tourism sector in Hue city is the cheapest in the country (US$ 0.34/m3 including the wastewater fee). Thus, there is a lack of motivation for efficient use of public water. All these factors contribute to generate a large amount of wastewater from the tourism sector.

Table 9. GHG emissions from the direct waste
	
	Tons of CO2 equivalent
	%

	Solid waste
	799.8
	26.90

	Incineration
	0.5
	0.01

	Waste recycled or recovered
	1.1
	0.03

	Hazardous waste
	0.2
	0.01

	Sewage
	2,172.5
	73.05

	TOTAL
	2,973.8
	100



Infrastructure and assets
As per the Bilan Carbone method, the infrastructure and assets of tourism entities are splitted into four sub-categories i.e. building; infrastructure excluding building; vehicles, machines and furniture; and consumables of information technology. The results of GHG emission inventory for the infrastructure and assets are shown in Table 10. Among four sub-categories, the building is largest source of GHG emission representing 88.7% of the total GHG emission in this domain. This is simply because of the recent burgeoning tourism and hospitality in the city, which accompanied by a massive increase in construction of tourism facilities. At present, the number of hotels and restaurants continues to increase year after year making the construction in tourism sector develop swiftly.

Table 10. GHG emissions from infrastructure and assets
	Infrastructure
	Tons of CO2 equivalent
	%

	Building
	19,345.0
	88.71

	Infrastructure excluding building
	77.4
	0.36

	Vehicles, machines & furniture
	1,886.3
	8.65

	Information technology consumables 
	499.3
	2.29

	TOTAL
	21,807.9
	100


Table 11 and Figure 3 provides a summary of the GHG emissions produced by Hue tourism sector. Three categories identified as the largest emission sources of GHGs are travel, freight, and infrastructure and assets. Of which, the travel contributes most (377,619 tons of CO2 equivalent) to the total GHG emission. The second and third contributions are freight and infrastructure and assets with their share of 58,571 tons of CO2 equivalent and 21,808 tons of CO2 equivalent, respectively.  

Table 11. Summary of GHG emissions produced by Hue tourism sector
	Sources
	Emissions 
(tons of CO2 equivalent)
	Share ranking of GHG emission 

	Energy  (electricity and fuel used)
	17,805.4
	4

	Non - energy  (refrigeration & fertilizer used)
	2,210.6
	7

	Inputs (materials, products and services)
	11,213.2
	5

	Freight
	58,570.8
	2

	Travel
	377,618.6
	1

	Direct waste
	2,973.8
	6

	Property (infrastructure and assets)
	21,807.9
	3

	TOTAL
	492,200.4
	




















Figure 3. Propotion of GHG emissions produced by Hue tourism sector

Within the scope of the joint research mentioned earlier in this paper, the next important step for the city is to prioritize, in  consultation with boundary partners and relevant researchers, the potential climate change mitigation options based on the GHG emission inventory for Hue tourism sector. Hence, the above findings of two approaches, site and multi site Bilan Carbone analysis, are much expected to lay a scientific foundation for considering GHG emission mitigation options for Hue tourism in particular and for the city as a whole. 

CONCLUSIONS 
 
In addition to the site inventory of GHG emissions, the multi-site approach is conducted to take a more indepth look into the GHG emissions of each sub-sector of Hue tourism. The final GHG emission inventory based on Bilan Carbone® version 6 shows that of Hue tourism activities, the travel is the largest share of GHG emission (76.7%); and that among four Hue tourism’s sub-sectors, the transport of tourists contributes most (74.7%) to the total GHG emission of Hue tourism. Some scientific and realistic evidences on the outcomes of GHG emission analysis are also provided with a hope of facilitating the next step to initiate some associated GHG mitigation options for Hue tourism.
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