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Abstract 
This research is an investigation to the establishment of a carbon labelling toolkit for the ski 

industry. The main research question is therefore: How can ski areas’ GHG emissions be 

reflected in a carbon label for benchmarking purposes? 

 

Firstly, current labels, standards and toolkits in the tourism industry were researched. Followed 

by research to the criteria within these labels, standards, and toolkits. 

 

Secondly, a carbon labelling toolkit was established, based on the Wi-EMT from the Smart 

Altitude project. This was done by combining the Wi-EMT criteria with the labelling criteria 

from the research in part one of this research.  

 

Thirdly, data of three ski areas in the Trentino/Süd Tirol region are used as input in the 

established carbon labelling toolkit to investigate the workability of the toolkit and to test if the 

toolkit is useful for benchmarking the three ski areas. 

 

The method used for the first part is literature research. In the second step the labelling toolkit 

is established in Excel. Whereas in the third step the labelling toolkit is used for generating the 

results. This step is expanded with a scenario analysis and sensitivity analysis. 

 

The investigation has demonstrated that it is possible to establish a carbon labelling toolkit for 

the ski industry for benchmarking purposes. However, for connecting a label to a ski area the 

norm must be investigated, wherefore from more ski areas data is needed. Therefore, in this 

research it was only possible to benchmark the three tested ski areas.  

 

The results present the possibility of the establishment of a carbon labelling toolkit for 

benchmarking ski areas, which could directly be used now by ski areas in the European Alps. 

Furthermore, the results of benchmarking the three ski areas illustrate that for all the ski areas 

around 30% of the emissions are from snow production.  

 

The scenario analysis shows that changing fuels to electricity has not a substantial impact since 

it depends highly on the electricity mix of a country. However, changing to self-generated 

electricity production is reachable. Furthermore, the scenario analysis presentates that changing 

fossil fuels to HVO or hydrogen have comparable results, whereas HVO can directly be 

implemented in a diesel fuel snow groomer. The last four scenario analyses illustrate that 

changing the number of visitors and ski season length does not have a substantial impact. 

Furthermore, the sensitivity analyses illustrate that the inputted data is not sensitive and 

therefore does not have to be very precise.  

 

Further research could be done by using more data as input from different Alpen countries. By 

doing this the actual label could be established. 
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Glossary 
Activities: The components of a ski area that uses energy. In this study are these components 

snow production systems, ski lifts, snow groomers, buildings, transportation and ‘others’ (other 

components that use energy, for example snow mobiles and lightning.) 

Audit: A monitoring and evaluation tool.  

Benchmarking: “A process where you measure your company’s success against other similar 

companies to discover if there is a gap in performance that can be closed by improving your 

performance” (Oberlo, n.d.). In this case thus the ski areas companies gap between the amount 

of emissions. 

Biomass: “Renewable organic material that comes from plants and animal.” (Energy 

Information Administration, 2022). When there is spoken about ‘biomass’ in this research, this 

means wood that is used for heating. 

Climate Change: “Long-term shifts in temperature and weather patterns” (United Nations, 

n.d.). Whereas these human activities are the main causer of these changes. 

CO2-equivalent: “A CO2 equivalent is a unit of measurement that is used to standardise the 

climate effects of various greenhouse gases” (Myclimate, n.d.). 

Conversion factor: In this research the conversion factor is the factor to convert a fuel to 

another fuel or to electricity.  

Criterion: Rules/norms a company (in this case ski areas) must meet, otherwise they cannot 

get a label. 

Emission factor: A calculation factor which is used to calculate the emissions of a certain fuel. 

This factor can be different between fuels, locations of the fuel production and fuel usages. 

Energy content (also called energy density): “The amount of energy that can be stored in a 

given system, substance, or region of space” (University of Calgary, n.d.). 

Fluorinated gasses: “they are a family of human-made gases used in a range of everyday 

products as well as industrial applications” (European Commission, n.d.).  

Functional Unit: A quantified function used as reference value in a system (De Haes & 

Heijungs, 2009). 

Goal: it is something an organisation or company like to achieve and there must put effort in 

to reach that goal. 

Kinetic energy: energy of a moving object. 

Label: a label is to show that something meets certain criteria. Therefor the organisation or 

company gets a certificate visible by an image or logo. 

Refrigerant: “A chemical substance that can be used to make or keep things cold” (Cambridge 

Dictionary, 2022). In this research it is about chemical substances used for producing snow in 

temperature independent systems (TIS). 

Refrigerant leakages: the amount of refrigerants that leaks in the atmosphere (and have 

therefor an impact on destroying the ozone layer and/or enlarging the amount of greenhouse 

gasses in the atmosphere.  

Same-day visitors: A visitor who stays not more than 24 hours in the place he/she visits 

(Statistics Finland, n.d.).  

Scenario analysis: this is a method to show possible scenarios of future changes of research. 

In this case the changes ski areas could make to decline their total emissions of the ski area. 
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Sensitivity analysis: this is a method to verify the sensitivity of the assumptions made in the 

research.  

Skier-day: One visitor of a ski area, that skies one day. 

Snow groomers: Vehicles that make ski slopes possible for skiing.  

Snow production: All forms of snow produced by humans in ski areas, which are thus snow 

guns, snow lances and other type of snow productions systems as snow fabrics. 

Standard: “Standards are seen as norm or point of reference for disparate users and 

stakeholders” (Zhao et al., 2020). 

Sub activities: Whereas activities are components of a ski area, in this case sub activities are 

activities within this component. Thus, in the activity of ski lifts, a subcomponent is one ski lift. 

Sustainable Development Goals: “The Sustainable Development Goals are the blueprint to 

achieve a better and more sustainable future for all” (United Nations, 2020). 

Temperature independent snow: Snow production by a system that is not dependent on the 

outside temperature and whereas it is thus possible to produce snow by up to 25 degrees Celsius 

(Traedal, 2017). 

Toolkit: In this research a toolkit is something to assist and support you (for example a 

calculation or roadmap) to reach criterions of a standard or goal, or to get a certain label. 
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1. Introduction 
 

1.1 Problem statement 
According to the Intergovernmental Panel on Climate Change (IPCC, 2018), the temperature 

worldwide between 2006 and 2015 was 0.87°C higher than the average temperature during the 

period 1850–1900. The IPCC expects an additional increase of 1,5°C between 2030 and 2050 

if no changes are made (IPCC, 2018). The rising global temperature is mainly caused by 

increasing levels of greenhouse gases (GHGs) in the atmosphere due to anthropogenic 

emissions (IPCC, 2018). There are six main types of GHGs: carbon dioxide (CO2), methane 

(CH4), nitrous oxide (N2O), water vapor (H2O), ozone (O3), and fluorinated gases. At present, 

world economies are still mainly based on fossil fuels and other non sustainable processes and 

services, all of which increase GHG emissions. The IPCC categorizes the emissions in different 

sectors. 

 

One of the sectors that overlaps with several of those mentioned by the IPCC is the tourism 

sector. In 2007, the World Tourism Organization (WTO) stated that the tourism sector is 

responsible for 5% of all CO2 emissions worldwide; they mainly originate from transportation, 

accommodation, and activities on location (Paramati et al., 2017). As described by Paramati et 

al. (2017), the tourism industry is still growing, with total arrivals numbering 1,33 billion in 

2014 compared with only 166 million in 1970. Furthermore, the WTO stated in 2003 that the 

tourism sector has a two-way relationship exists between tourism and climate change. Climate 

change has an impact on tourist destinations and vice versa; thus, tourism is also an industry 

that contributes to climate change through high GHG emissions (Becken & Patterson, 2006). 

 

Several tourism areas and industries experience negative effects from climate change. One of 

the tourism sectors where the two-way relationship is most visible is ski tourism. According to 

Demiroglu et al. (2018), “the ski industry is regarded as the type of tourism that is the most 

directly and the most immediately affected by climate change.” While much research has 

already been conducted on the impact of climate change on ski areas and winter tourism, there 

is a lack of research on ski areas’ quantitative contribution to climate change (Shih et al., 2009). 

Knowles (2019) stated that, in North America, research in the ski industry is focused on the 

physical climatic impact on the ski industry, and there is lack of insights into ski areas’ impact 

on the vulnerability of the climate 

 

Furthermore, the two-way relationship between tourism and climate change can be seen as a 

vicious circle. Due to climate change, snow seasons are becoming shorter and seasonal snow 

lines are moving to higher altitudes (Beniston et al., 2018). Various investigations have already 

examined the issue of shorter ski seasons. For example, dependent on the IPCC scenario, Pons 

et al. (2015) predicted that between 1990 and 2100, the season length will decrease by 15–41% 

in the northeastern United States; 14–41% in Austria; and approximately 38% in the Pyrenees 

(for the 2°C scenario). Thus, artificial snow production has increased in all Alpine countries; 

for example, in Switzerland it increased from 10% cover in 2000 to 36% in 2010, while in 

Austria and Italy it increased significantly more to 62% and almost 100% cover, respectively 

(Rixen et al., 2011). Furthermore, artificial snow making has a significant impact on energy 
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use, since the required energy is between 0,33 and 1,13 kWh per m3 of snow, depending on the 

characteristics of the ski area. 

 

Moreover, artificial snow production does not only increase energy use; other technical changes 

are also required in ski areas to give ski tourism the certainty to ski. An example is the extension 

of ski areas to higher altitudes (Falk & Hagsten, 2019). 

 

Because of the two-way relationship, it will be important for the ski industry to change its act 

regarding its contribution to climate change and worldwide GHG emissions. Furthermore, it is 

crucial for the industry to become aware of how much emissions it produces, which also 

influence the impact of, for example, less snow and shorter ski seasons. The industry currently 

directly contributes to climate change by emitting GHGs. To break the vicious circle, it is 

important that ski areas to reduce their emissions for two reasons – first to decrease their 

contributions to worldwide GHG emissions and second to set a good example for other ski areas 

and tourism industries. By benchmarking ski areas and, among other things, translating the 

inventoried energy consumption and emissions from ski areas into a label, ski areas would gain 

insights into their contribution to climate change. 

 

The advantage of using a label is that it would make emissions visible to ski tourism, ski areas, 

and the government. It could encourage and motivate ski areas to reduce their emissions and 

influence people’s choice of holiday destination; moreover, it could help governments to 

understand which activities contribute to these emissions and how they could potentially reduce 

emissions in the ski industry. Furthermore, the establishment of a label would contribute to the 

overall sustainability goals of the European Union (EU) and United Nations (UN), which all 

Alpine countries are a part of (UN, n.d.). Using a uniform approach for presenting emissions 

may also help to make the outcomes of the labeling toolkit more understandable. Such a uniform 

method would make it possible to compare emissions from ski areas with each other; thus, ski 

areas could learn which changes in energy use can lead to less emissions from each other. 

Benchmarking ski areas would also indicate which low emission rates are feasible for ski areas 

as well as what ski areas could learn from each other. In addition, benchmarking could help ski 

tourists to choose their destination based on the labels each destination has, which could 

encourage ski areas to improve their emission reductions. Weston et al. (2018) described that 

159 sustainability labels already exist in the tourism industry. Some of them are applied in the 

ski industry but are not specific to emissions. Duglio and Beltramo (2016) presented an 

overview of the current labels for the ski industry, which are called ecolabels. However, these 

ecolabels are not primarily focused on energy consumption and emissions from ski areas. 

Moreover, although these labels are ecolabels, they do not indicate the specific energy 

consumption and GHG emissions of each ski resort. 

 

Thus, a labeling toolkit that can rank ski areas according to their energy consumption and GHG 

emissions has still not been developed. A uniform toolkit that could measure and classify energy 

use and CO2-equivalent (CO2-eq) emissions of ski areas could meet this need. This could be 

achieved in the form of a carbon label.  
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1.2 Research questions 
The research question that guided this study was as follows: 

 

How can ski areas’ GHG emissions be reflected in a carbon label for benchmarking 

purposes? 

 

This research question was divided into the following four subquestions: 

1. Which methods and criteria are currently used in sustainability labels in the tourism 

industry and could potentially be applied in the ski industry? 

2. Which activities should be considered when comparing ski areas’ energy use and 

emissions? 

3. What is the most suitable functional unit to use in a carbon label for ski areas? 

4. How can the available ski area data be calculated, documented, and registered in one 

carbon label and used for benchmarking? 

 

1.3 Research aim 
The aim of this research was to develop a carbon labeling toolkit for the ski industry that 

classifies the energy use and GHG emissions of ski areas for benchmarking purposes. Crucial 

to note is that this labeling toolkit is called a carbon labeling toolkit, where carbon refers to 

CO2-equivalent. The aim of this carbon label is to provide insights for ski areas, ski area visitors, 

and governments into the emissions of ski areas. Benchmarking ski areas will clarify the largest 

emission bottlenecks in ski areas and where the problem lies exactly, thereby identifying which 

categories cause the most emissions and how they can be reduced. This carbon label will help 

to highlight the parts of a ski area where emissions can be reduced. 

 

1.4 Structure of the thesis 
The remainder of this thesis is organized as follows. Chapter 2 describes the methods used in 

this research and is divided into five sections:  

- The determination of the system boundaries and activities. 

- A method to analyze existing labeling standards. 

- A method to select criteria used by relevant labels for further research on applicability 

for carbon label calculation. 

- The build-up structure of the carbon labeling toolkit. 

- Testing the carbon labeling toolkit with the available data from three ski areas. 

 

Next, Chapter 3 presents the results and is again divided into the same five steps as Chapter 2. 

Then, Chapter 4 presents a discussion of the findings, and lastly, Chapter 5 presents the 

conclusion and recommendations for future research. In this research the comma (‘,’) for 

decimal numbers and the point (‘.’) for indication of thousands, since the research is most 

useable for countries which use these notations.  
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2. Research method 
This research investigated the possibility of establishing a carbon labeling toolkit for the ski 

industry. The research began with a literature review to establish sustainability labels, followed 

by an investigation of existing sustainability labels, standards, and toolkits for the tourism 

industry as well as their underlying criteria. The labels, standards, and toolkits were tested for 

their relevance to ski areas, and then the relevant criteria were combined with activities. Based 

on this combination, a labeling toolkit for calculating the emissions of ski areas was designed. 

Next, the usability of the toolkit was tested and evaluated by applying it to three ski areas. This 

chapter describes the research method in detail. Section 2.1 presents the literature research to 

the labeling definitions and labeling structure, Section 2.2 presents the way how criteria are 

selected, Section 2.3 presents the construction conditions, Section 2.4 presents the input needed 

for testing the toolkit and finally Section 2.5 presents a description of the establishment of the 

carbon label. Figure 1 illustrates the abovementioned steps for both Chapter 2 Research method 

and Chapter 3 Results. 

 

Figure 1 Step-by-step overview of the Research method chapter (left) and Results chapter (right) 
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2.1 Literature research to the establishment of labels 
This study first examined currently available labels and other testing systems for their 

applicability as carbon labels in the ski industry. Specifically, the criteria of labels and other 

testing systems in the literature were examined for their usefulness in calculating the CO2-eq 

emissions from activities in ski areas. 

 

Before researching labels and other testing systems, this section first provides an explanation 

of how labels are established and their definitions (Section 2.1.1); how they are connected to 

other testing systems as standards and toolkits (Section 2.1.2); and how they all serve overall 

sustainability goals (Section 2.1.2). These explanations provide an understanding of the 

construction of a label. 

 

2.1.1 Labeling definitions 

This study used the following definitions of terms related to labeling: 

- Goal: A goal is something that one wishes to achieve. An organization or company must 

invest effort to reach their goals. A goal is the end point – the highest point that an 

organization seeks to achieve.  

- Standard: “Standards are seen as norms or points of reference for disparate users and 

stakeholders” (Zhao et al., 2020). In this case, norms can thus be used as criteria on labels, 

while the point of reference is the goal that must be achieved. Thus, a standard is a tool for 

determining when a goal has been achieved. In the literature, the words ‘standards’ and 

‘toolkits’ are used interchangeably. Therefore, in this thesis, a standard is referred to as a 

‘standard’ if it is built on criteria and those criteria are qualitative. 

- Criterion: In this thesis, a criterion refers to an evaluation or testing level. Criteria are the 

rules/norms that a company (in this case ski areas) must meet; otherwise, they would not 

receive a label. All the criteria combined form a standard. It is also possible that the criteria 

are a scale ranging from good to bad. Thus, there would not be one level that must be 

reached; rather, there are different levels and each one has a consequence. 

- Audit: An audit is a form of monitoring and evaluation tool. It can be viewed as an 

examination of (a part of) a company to reach a certain goal. Alternatively, an audit monitors 

(or checks) that a company is following the right steps to reach its goal(s).  

- Toolkit: In this case, a toolkit is something used for assistance and support (e.g., a 

calculation or roadmap) in reaching the criteria of a standard or goal, or in obtaining a 

certain label. Whereas standards are mostly qualitative, toolkits are normally quantitative. 

Therefore, in this thesis, a toolkit is referred to as a ‘toolkit’ if it includes a step-by-step plan 

and/or it is a quantitative calculation. 

- Label: A label refers to something that is used to indicate that a thing meets certain criteria. 

This ‘thing’ has been checked, measured, and found to comply with the rules/norms of the 

standard. Normally, a label is made visible using an image or logo. 

 



 

 

 

 

 

 

Ianthe Simonse – Open Universiteit   18 

2.1.2 Labeling structure and the relation between goals, standards, toolkits, and labels 

Figure 2 provides an overview of the relationships between goals, standards, audits (i.e., 

monitoring tools), and labels. As described in Section 2.1.1, the ‘goal’ is the endpoint – the 

ultimate target. Sustainability goals (to change emissions on a country level) are normally 

established by governments or governmental organizations (for example the SDG’s), while 

standards include a list of criteria that should be met to reach the overall goal. These criteria or 

a subset of them can be assigned a score that leads one to determine whether a label should be 

assigned. The difference between criteria in a standard and those in a label are as follows: a 

standard criterion could be “calculate the energy use,” whereas in a label it would be “the energy 

use has a maximum of X kWh/unit.” In the ‘audit’ phase, a product, company, or activity is 

monitored and evaluated (based on the criteria in standards). This evaluation is conducted by 

monitoring relevant data with the help of a toolkit. Normally, toolkits are instruments for 

collecting quantitative data and making calculations with them. The outcome is used as an input 

for a label and could be evaluated in the audit phase.  

In Section 3.1, a list of the available standards, labels, and toolkits for the European tourism 

industry is presented. The standards, labels, and toolkits in said list were checked for their 

usability specifically for ski areas. Thus, the labels, standards, and toolkits used for ‘activities’ 

or an ‘area/destination’ were further researched (to the criteria). Because an audit is an 

evaluation tool, this was left out of consideration. In the next step, this study investigated which 

Figure 2 Overview of the connections between goals, standards, labels, audits, and toolkits 
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criteria of these standards, labels, and toolkits were useful for building a carbon labeling toolkit 

for the ski industry. 

2.2 Criteria selection from the standards, labels, and toolkits 
Among all the available standards, labels, and toolkits, the Winter Energy Management Toolkit 

(Wi-EMT) could be said to come closest to a carbon label for the ski industry. This toolkit is 

more extensive described in Section 3.1.3 and Appendix C. However, the Wi-EMT has some 

deficiencies, which are described as follows: 

- The toolkit has a fill-in format, which provides an overview of the energy use of a ski area. 

However, the toolkit does not compare the energy use of the activities between each other. 

- Furthermore, the toolkit only depicts the total energy use per activity, instead of dividing it 

into subactivities. For example, it depicts the energy use of all ski lifts together instead of 

per ski lift. 

- The toolkit is divided into the following subjects: general data, energy status, smart grid, 

sustainable mobility, adaptation to climate change, future outlook, and self-evaluation. 

However, only the subjects ‘general data’ and (part of) the ‘energy status’ is based on 

quantitative numbers, whereas the toolkit is further based on qualitative numbers.  

- The Wi-EMT includes five activities, and in this research was investigated on whether this 

includes all activities of a ski area. 

- The Wi-EMT does not include any emissions calculations. 

To fill these gaps in the Wi-EMT, especially the missing emission calculations, research was 

conducted to determine the criteria of other standards, labels, and toolkits. With the Wi-EMT 

as a starting point, the criteria that were found in the standard, label, and toolkit analysis helped 

to expand the Wi-EMT into a total carbon labeling toolkit.  

From the labels, standards, and toolkits, this study collected the criteria in an overview. It scored 

each label, standard, and toolkit on whether criteria were included that related to one or more 

of the subjects listed as follows. These subjects are all relevant for calculating the CO2-eq of 

the activities of a ski area. 

- Climate change 

Within this category, the focus was on criteria that mention GHGs, namely carbon 

dioxide (CO2), methane (CH4), nitrous oxide (N2O), water vapor (H2O), ozone (O3), and 

fluorinated gases. If a criterion concerned or was linked to one of these substances, it 

was selected. 

- Energy use 

Within this category, criteria were selected that included subjects such as total energy 

use, electricity, use of oil and gas, and renewable energies. 

- Visitor data 
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Within this category, criteria were selected that were connected to numbers of visitors 

(this could be number of visitors, but also type of visitors). Visitors’ opinion or reviews 

were not included. 

- Quantitative 

Our carbon label is based on quantitative numbers. Therefore, criteria and/or 

calculations in toolkits regarding quantities were checked. Criteria are normally 

presented with words such as ‘monitoring’, ‘data gathering’, ‘numbers’, ‘percentage’, 

and ‘targets’.  

2.3 Construction conditions for building a carbon labeling toolkit 
To get a better understanding of the requirements for a label for the ski industry, the system 

boundaries were defined. The system boundaries refer to the demarcation of the study, namely 

geographical boundaries, activities, functional units, and allocated emissions. 

 

2.3.1 Geographical boundaries 

The demarcation could occur in two ways: the ski area’s facilities for visitors or the property of 

the ski area operator. The first option covers a larger area – not only ski slopes but also the ski 

village, including houses, apartments, restaurants, and spas. The advantage of this option is that 

it would cover a larger proportion of the emissions inside a ski area. Hypothetically, it is 

possible that the emissions from housing would be high compared with those from the activity 

of skiing itself. However, it is almost impossible to obtain data from all buildings in a ski 

village. 

The second option is more logical since the data would be gathered by one company, namely 

the ski area operator. This option does not include all ski area facilities; however, the 

geographical boundaries would be clear. The piece of mountain land allotted to the ski area 

would represent the boundaries of the research. Therefore, this study chose to use this second 

geographical boundary for this research.  

2.3.2 Activities 

In this thesis, the activities of a ski area refer to the components of a ski area that use energy. 

This study considered activities that meet the following criteria: 

- Activities used in the operation phase; 

- Activities managed by the ski area owner; 

- Activities that use any type of energy. 

To determine which activities occur within the system boundaries (in addition to the Wi-EMT), 

this study searched the literature for what other researchers have defined as activities of a ski 

area and that meet the abovementioned criteria. 
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2.3.3 Functional unit 

To establish the actual label, ski areas had to be compared with each other using one functional 

unit. The term ‘functional unit’ in a life cycle assessment (LCA) is defined as follows: “the 

quantified function provided by the product system(s) under study, for use as a reference value 

throughout the LCA study” (De Haes & Heijungs, 2009). A functional unit must be a universal 

and general term and serve as a reference value (De Haes & Heijungs, 2009).  

This study searched the literature for the most useful functional unit for benchmarking ski areas 

against each other. Furthermore, this study chose to employ a specific functional unit per 

activity. This enabled subactivities to be compared with each other. These functional units were 

also found in the literature. 

2.3.4 Allocated emissions and emissions factors 

This research focused on the emissions in the operation phase. The reason for doing so was that 

the availability of data in the production phase (in the literature) is low, and data are only 

available from the developers of the activities (e.g., ski lift and snow cannon manufacturers). 

Furthermore, it is unknown ski areas themselves have data available about the production phase. 

The emissions investigated in this research are thus the emissions released by the ski area itself 

in the operation phase (e.g., from the combustion of diesel in a snow groomer). 

Furthermore, this study chose to use the emission factors for well-to-wheels (WTW). This refers 

to the inclusion of all the emissions released from the moment that feedstocks are extracted 

until the emissions are released by the activity (Tsilev, 2019). The reason for choosing WTW 

was to enable a fairer comparison between different fuels. For example, in the case of hydrogen, 

the emissions would be zero if one were only to examine tank-to-wheel (TTW) emissions (CO2 

emissiefactoren, 2022). By contrast, including well-to-tank (WTT) emissions provides a fairer 

emission factor. For electricity use, this study used the electricity mix per country. Figure 3 

presents an overview of WTW:  
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Figure 3 Well-to-wheel overview (Tsilev, 2019) 

2.3.5 Construction of the carbon labeling toolkit 

The findings for the four aforementioned system boundaries were combined to establish a 

carbon labeling toolkit. This toolkit was based on the Wi-EMT and built in Excel. The first tab 

contains the general information about a ski area. The second to seventh tab presents each 

activity of the ski area separately. These activities are divided into subactivities, already 

indicating the emission differences between the subactivities. The eighth tab concerns energy 

production by the ski area itself, and therefore their emission savings, in the case that the ski 

area uses renewable energies. Lastly, the nineth tab presents the total energy use and emissions 

of the ski area. Figure 4 presents an overview of the toolkits Excel tabs: 

 

Figure 4 Overview of the toolkit’s tabs in Excel 
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All tabs have calculations in the background that automatically calculate the emissions when 

data are entered into the toolkit (tabs 10 and 11). Cells with a gray line around them must be 

filled in, otherwise the calculation cannot be made. All the other boxes are blocked so that 

changes to the calculations cannot be made. To unblock these boxes and make the calculations 

visible, a password is required, which can be requested from the present author. 

2.4 Input for testing the toolkit 
Once the carbon labeling toolkit has been established, the next step was to test the toolkit’s 

practical usability. Data from three different ski areas in the Trentino-Alto Adige/Süd Tirol 

region of northern Italy were used as input. The goal was to obtain two results: 

- Whether the toolkit is usable for ski areas (or not); 

- To calculate the emissions of the three ski areas. 

 

These findings are presented in Sections 3.4.3, which describes the emission results of the three 

ski areas, and Section 3.4.4, which describes the usability of the carbon labelling toolkit. 

 

In the next three sections is described which assumptions are made for the data input (2.4.1), a 

description of the scenario analysis (2.4.2) and of the sensitivity analysis (2.4.3). 

 

2.4.1 Data assumptions 

The data delivered from the three ski areas were provided by the Smart Altitude project of the 

Wi-EMT (Smart Altitude, 2021). This meant that not all the data necessary for the carbon 

labeling toolkit were delivered. Therefore, this study made data assumptions based on 

information from the literature. In the results chapter, there are three types of data: 

- Data assumed from the literature: the numbers are presented in green.  

- Data given by the three ski areas: the numbers are presented in black. 

- Data of the sub-activities which are not delivered by the tree ski areas, but generated 

from this delivered data: the numbers are presented in black.  

- The assumptions made for the scenario analysis and sensitivity analysis: the numbers 

are presented in green. 

 

2.4.2 Scenario analysis 

A scenario analysis was conducted to determine how many impacts an intervention could have 

in a ski area. Example questions are as follows: What would the impact be of changing half of 

the ski area to renewable energy? What results would this have on the outcome? This analysis 

was conducted for 12 different scenarios. As standard data, the data of ski area 1 were used for 

all the scenarios.  

 

2.4.3 Sensitivity analysis 

As many assumptions were made regarding the input data, this study conducted a sensitivity 

analysis. This analysis revealed the impact of an assumption on the output, which helped to 
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understand the potential variation in the output. Furthermore, it indicated how important it was 

for the input to be highly secure (or not). 

2.5 Carbon label of the ski areas 
The output of the three ski areas provided the overall emissions per ski area. The overall 

emissions could be used for benchmarking purposes between the three ski areas. In the final 

step, this study discussed whether it would be possible to assign ski areas a label, and also 

whether this label could also be assigned to other ski areas.  
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3. Results 
This chapter presents the following results: 

1. Interim results of the selected labels, standards, and toolkits that were useful for this 

research; 

2. Interim results of the selected criteria that were useful for the carbon labeling toolkit; 

3. The construction of the carbon labeling toolkit; 

4. The practical testing of the carbon labeling toolkit, including 

a. The practical usability of the toolkit itself; 

b. Carbon results of the three ski areas; 

c. Results of the sensitivity analysis; 

d. Results of the scenario analysis; 

5. End result: the establishment of a carbon label. 

These steps are described in the following sections. This is also presented in figure 1. 

3.1 Selection of labels, standards, and toolkits 
The following three subsections separately explain which labels, standards, and toolkits were 

selected for their usefulness to the ski industry.  

3.1.1 Selection of labels 

Weston et al. (2018) provided an overview of all available labels in Europe in 2017. There were 

159 sustainability labels in the tourism industry in Europe. Duglio and Beltramo (2016) 

conducted a review of four labels in the ski industry, two of which were also included in Weston 

et al.’s study.  

 

Based on the abovementioned two studies, the present study established a long list of 161 labels, 

from which a selection was made for further research. Labels were selected if they met the 

following criteria: 

- The label is used worldwide or Europe-wide. National and regional labels, insofar as they 

do not focus on the Alpine region, were disregarded. An exception was the Sustainable 

Slopes label, which is only used in North America but was possibly interesting for this 

research; 

- The label is used for sport activities (because of the activity of skiing) and/or 

destinations/areas (because a ski area is a specific destination); 

- The criteria used in the label are publicly available. Since many labels are established by 

commercial companies, these companies do not provide the criteria of the labels on their 

website. In this case, the users pay to obtain a label.  

 

Figure 5 presents a systematic overview of the 161 labels were narrowed down. This process 

resulted in seven labels that were potentially useful for constructing a label for the ski industry. 

In the Appendix (Appendix A: ), an overview is provided of the labels available globally, in 

Europe, and/or in mountain regions, including a selection of ‘activities’ and 

‘destinations/areas’.  
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Figure 5 Process for selecting labels from the 161 sustainability labels in the tourism industry 

3.1.2 The researched standards 

Standards have been established on the basis of the UN’s Sustainable Development Goals 

(SDGs; UN, 2022). For example, in the UN Environment Programme (UNEP), the Sustainable 

Tourism Task Force was instigated (Weston et al., 2018). This task force established the Global 

Sustainable Tourism Council (GSTC), while this council developed the Global Sustainable 

Tourism Criteria (GST Criteria). In 1992, even before the standards and goals where 

established, the European Commission established the EU Ecolabel (European Commission, 

n.d.). In the years that followed, several other standards were established. The GSTC standard 

was adapted by the EU and combined with practical indicators of the EU Ecolabel, from which 

the European Eco-Tourism Labelling Standard (EETLS) was developed. Notably, labels were 

initially mainly established from the bottom up, whereas today labels are built on existing 

standards. 

 

Liu et al. (2016) mentioned the following three types of carbon standards: The Publicly 

Available Specification 2050 (PAS 2050), the GHG Protocol, and ISO 14067. The International 

Organization for Standardization (ISO) has developed several standards related to the SDGs, 
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of which ISO 14067 is one. Duglio and Beltramo (2016) mention that two ISO standards can 

be used by ski areas: ISO14001, which is a standard for environmental management systems, 

and ISO50001, which is a standard for energy management systems. Although the ISO 

standards are not linked to the SDGs, along with together with the EU directives, they were 

used as a starting point for the development of the Eco-Management and Audit Scheme 

(EMAS). The ISO can be seen as a framework of requirements for general environmental 

policies, whereas the EMAS asks for more detailed information on the process, variables, and 

goals of an organization (Duglio & Beltramo, 2016). Therefore, in this research the EMAS is 

seen as a toolkit instead of a standard. This is the same for the PAS2050. These labels are 

described in more debt in Appendix B. 

 

3.1.3 The researched toolkits 

Toolkits are calculation or data-collection tools that serve as the input for labels and audits. One 

management tool that was made especially for the tourism sector is the European Tourism 

Indicators System (ETIS). The ETIS is linked to the auditing scheme of the EMAS. Both are 

voluntary environmental management instruments and can be used in the tourism industry 

(Weston et al., 2018). While the EMAS is called an audit scheme, the criteria act more like a 

toolkit. Moreover, while the ETIS is called a toolkit, the criteria are specific for a standard. 

Thus, in this research, the ETIS was used as part of the standards. 

 

Two years after the publication of the label review by Duglio and Beltramo (2016), the Smart 

Altitude project, conducted research on the energy use of ski areas (Polderman et al., 2020). 

The Smart Altitude project investigated several steps in the energy- and emissions-reduction 

process of ski areas. It built a six-step toolkit that ski areas can use to reduce their energy use 

and emissions. The six steps are as follows: conduct an energy audit, set priorities, make a low-

carbon future plan, implement the plan, monitor it, and finally communicate. While the Smart 

Altitude project includes a complete roadmap, some parts are still to be further researched and 

defined. Every step has its own tools, which can be used by ski areas. Particularly the first step 

of conducting an energy audit, which is included in the Wi-EMT, was useful for the present 

research. As described in Chapter 2, this toolkit is the starting point for the carbon labelling 

toolkit of the present research. 

 

3.1.4 The selection of the standards and toolkits 

In figure 6 the selection of the standards are shown. In the literature the terms ‘standard’ and 

‘toolkit’ are used interchangeable, therefore in this researched the standards and toolkits are 

categorized by quantitative (toolkits) and qualitative (standards), see figure 6. Based on the 

research of Weston et al. (2018), Liu et al. (2016), and Duglio and Beltramo (2016), the 

following six standards were selected for further research regarding their usefulness for a 

carbon labeling toolkit in the European tourism industry: the GSTC standard, the EETS 

standard, ISO14067, ISO14001, and ISO50001, added with the ETIS (see Figure 6).   
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Appendix B: ) describes the standards in more detail. The EMAS, PAS2050, GHG protocol and 

Wi-EMT are categorized as toolkit. This is described in more depth in Appendix C. Since free 

access to the ISO standards is not possible, they were not considered further. 

 

  

3.2 Selected criteria 
The selected labels, standards, and toolkits together contained 120 criteria. These criteria were 

tested for their relevance and implementation in the Wi-EMT, which resulted in the carbon 

labeling toolkit. Figure 7Fout! Verwijzingsbron niet gevonden. depicts the selection process 

for the 19 criteria found to be relevant for a quantitative carbon label and are not yet 

implemented in the Wi-EMT. These criteria are then listed in Table 1. 

Figure 6 Selection process of standards and toolkits 
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Figure 7 Criteria selection from the selected labels, standards, and toolkits. The flow chart left (in grey) shows all steps of the 

research, whereas the flow chart right shows the specific steps of chapter 3.2. 

Label, standard, or 

toolkit 

Criteria of the labels 

Green Globe label   
“2.1 Greenhouse gas (GHG) emissions from all sources controlled by the 

business are measured, and procedures are implemented to reduce and offset 

them to minimize climate change” (Green Globe., n.d.) 

TourCert    
“6.3 Environmentally friendly arrival and departure” (TourCert., 2018)  
“6.4 Sustainable mobility on site” (TourCert., 2018)  
“6.5 Climate and environmental protection in companies” (TourCert., 2018) 

Green Destination 

Certification 

  

 
“3.12 The destination sets and monitors targets to reduce GHG emissions 

from public and tourism sectors and implements and reports on mitigation 

policies and actions to meet these targets” (Green Destinations., n.d.) 

EarthCheck   
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“2.3.1 GHG emissions: The organization measures GHG emissions from all 

sources and implements procedures to minimize their impact and, where 

feasible, offset carbon emissions” (EarthCheck., n.d.)  
“4.3.5 Internal audits: The organization shall conduct regular internal 

audits to ensure that environmental and social improvement targets are 

being met” (EarthCheck., n.d.) 

Sustainable Slopes 

Program 

  

Natural resource 

conservation 

Energy use for vehicle fleets (the Wi-EMT only included snow groomers as 

the vehicle fleet) 

Pollution management Air quality 

Pollution management Transportation 

ETIS    
“D.1.1 Percentage of tourists and same-day visitors using different modes of 

transport to arrive at the destination” (European Commission., n.d.) 
 

“D.1.2 Percentage of tourists and same-day visitors using local/soft 

mobility/public transport services to get around the destination” (European 

Commission., n.d.)  
“D.1.3 Average travel (km) by tourists and same-day visitors from home to 

the destination” (European Commission., n.d.) 
 

“D.1.4 Average carbon footprint of tourists and same-day visitors traveling 

from home to the destination” (European Commission., n.d.) 
 

“D.2.1 Percentage of tourism enterprises involved in climate change 

mitigation schemes – such as CO2 offset and low-energy systems – and 

‘adaptation’ responses and actions” (European Commission., n.d.) 
 

“D.6.1 Energy consumption per tourist night compared with the general 

population’s energy consumption per resident night” (European 

Commission., n.d.) 

GHG protocol   

S1 Stationary combustion 

S1 Mobile combustions 

S3 Transport 
Table 1 Overview of selected criteria from labels, standards, and toolkits not yet implemented in the Wi-EMT 

The carbon emissions criteria were added according to the overall calculation since this is a 

crucial missing step in the Wi-EMT. Furthermore, in the carbon label, a criterion was included 

that covers the subject of public transport within the ski area. The criteria regarding audits and 

meeting targets were implemented in a way that ski areas could perform the carbon calculation 

every five years. This would indicate their improvements. Criteria 6.5 from TourCert is difficult 

to implement because it concerns companies in a certain area, whereas a ski area normally has 
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one owner, which could be (partly) governmental. The ETIS criteria D6.1 is also not possible 

to implement since it concerns the residences of tourists, which were not considered in this 

research. Furthermore, ETIS criteria D1.3 and D1.4 are not implemented since these criteria are 

focused on transportation towards the ski area instead of within the ski area. The calculation 

criteria of the GHG protocol were used as an example to perform the carbon calculations. 

Even after these criteria were added, some specific criteria were still missing, which emerged 

from the inventory of the system activities. These were as follows: 

- Different types of fuel for snow groomers, since they can operate on different fuels (see 

Section 3.3.1); 

- Different types of fuel for transportation within the ski area (see Section 3.3.1); 

- The use of refrigerants in snow canons (see Section 3.3.1). 

3.3 Construction of the carbon labeling toolkit 
This section describes the construction of the carbon labeling toolkit. First, the activities, 

functional unit, and emission factors were determined. They were combined with the Wi-EMT 

overview and criteria from Section 3.2. From there, the calculations were established. These 

elements are further described in the following subsections. In this research ‘activities’ mean 

the elements of a ski area which uses energy. For example, ski lifts is called an activity (it 

‘works’ and therefore is uses energy). One specific ski lift in a ski area is in this research called 

a sub-activity. 

3.3.1 Activities and their emissions within the system boundaries 

This study was limited to the emissions resulting from activities that occur under the 

responsibility of the owner of a ski area. Faney et al. (2009) presented an overview of a ski 

area’s components based on the Sustainable Slope Program (SSP). Their overview was 

separated into four parts of a ski area that have an impact on the environment: skiing, 

hotel/restaurants, parking, and vehicles. It also presented the input and output for the whole ski 

village. Duglio and Beltramo (2016) separated the environmental aspects in the category of 

energy into the following four groups: facilities, snowmaking, lifts, and vehicle fleet. By 

combining the information from the activity overview of Faney et al. (2009) with the ecolabel 

review of Duglio and Beltramo (2016), this study obtained a ski area activities map, which is 

presented in Figure 8.  

 

In this research, the activities were selected based on their uses in the operation phase as well 

as their management by the ski area owner. Furthermore, these activities were required to use 

any type of energy. Applying these three criteria resulted in the activities presented in the blue 

boxes in Figure 8, which were the activities included in this research. 
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This included activities were as follows: 

- Lifts – including all types of ski lifts in an area, where electricity was considered; 

- Snow guns – including all types of snow guns in an area, where the electricity required 

for their operation was considered; 

- Snow grooming – because the category ‘trail’ in this case only includes snow grooming, 

where the fuel use by snow groomers in the operation phase was considered; 

- Buildings – the buildings owned by the ski area itself, were buildings for tickets, lifts, 

and snow grooming, among others, were considered; 

- Transportation – including the transportation within the ski area linked to the ski area 

itself; thus, transport by bus or train from one ski lift station to another was considered; 

- Others – this category comprised all the energy used for any other activities (indicated 

by green boxes in Figure 8); this included energy use from snow mobiles, lighting, and 

skiing support (e.g., speed checks). 

 

The system boundaries of these six activity categories are illustrated in more detail in Appendix 

D. For each category, the energy use and emissions are described for every activity in the 

following paragraphs. 

 

Figure 8 Overview of ski areas’ activities, based on Faney et al. (2009) and Duglio and Beltramo (2016) 
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Lifts 

There are numerous different types of ski lifts, which are also called cable cars and ropeways. 

Doppelmayr, one of the largest ski lift producers in the world, has 10 types of ski lifts in the 

form of ropeways on its website and two in the form of a railway system (Doppelmayr, 2022). 

Although Doppelmayr does not state the energy emissions of its ski lifts, Pernkopf and Gronalt 

(2021) reported that the average energy use of a ski lift is approximately 0,1 kwh/(person.km). 

Furthermore, Fickert et al. (2018) investigated the energy efficiency of urban cable car systems 

and stated that their power consumption is normally calculated in kWh/(pers.km). In addition, 

they stated that the standard value that can be used for cable cars is 0,11 kWh/(pers.km), which 

is comparable to the number provided by Pernkopf and Gronalt (2021). Moreover, Biberos-

Bendezú and Vázquez-Rowe (2020) stated that the electricity consumption of ropeways is 

0,335 kWh/(pers.km), which was based on their research in the Amazon. However, they also 

included the energy consumption for the manufacture and construction phases of the ropeway. 

Messmer and Frischknecht (2005) calculated both and demonstrated that the total electricity 

consumption was 0.307 kWh/pers.km for an average ropeway in Switzerland, whereas the 

electricity consumption of the ropeway for the operation phase only was 0,123 kWh/pers.km.  

 

None of the aforementioned researchers have stated that other types of energy are used except 

electricity. All of them used the functional unit of passenger km. Therefore, the unit of 

passenger.km was also used in the established carbon labeling toolkit. 

 

Snow guns 

Different producers of snow guns provide the data of their snow guns on their website. For 

example, the TechnoAlpin TT10 has a power unit (turbine and compressor) of 22 kW and the 

DemacLenko Titan has one of 23 kW with a maximal snow production of 120 m3/h 

(DemacLenko, n.d.; TechnoAlpin, n.d.). In the technical information, TechnoAlpin does not 

state how much snow its snow guns produce. Rogstam et al. (2011) stated that the average snow 

production capacity is 18 m3/h for snow lances and 25 m3/h for snow guns. Furthermore, a 

difference also exists in energy use between the two, which is 0,65 kWh/m3 for lances and 1,46 

kWh/m3. Lances do not have a fan, which reduces their energy consumption compared with 

snow guns (Rogstam et al., 2011). Keep in mind that snow guns and lances have a central pump 

and machine room that also use energy, but how much they use is unknown. 

 

In addition, other researchers have investigated the energy use of snow guns, such as Steiger 

and Mayer (2008) and Rixen et al. (2011). These authors have calculated the energy 

consumption of three ski resorts in Switzerland. Furthermore, Faney et al. (2009) conducted an 

LCA of snow guns. Whereas the first two studies stated that snowmaking only accounts for a 

small proportion (0,6%) of ski resorts’ energy use, Faney et al. (2009) stated that 73% of the 

energy use of a ski area is dedicated to snow guns. This is an enormous difference, which is 

partially caused by the (geographical) system boundaries. In this research, the numbers from 

the research of Rogstam et al., (2011) were used. All snow gun producers use only the unit of 

kW and report snow production capacity in m3/h. Therefore, this were also the units used in the 

present research. 
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Snow factories and refrigerants 

Moreover, snow factories have been separately mentioned, which are containers producing 

snow disregarding the outside temperature (Technoalpin., n.d). Traedal (2017) stated that 

refrigerants are used in snow factories. These snow factories are mainly used for special parts 

of a ski area, such as ski jumps, cross-country ski trails, half-pipes, and sections of ski slopes 

(Technoalpin., n.d.). It is unknown how many of these snow factories are in use and how large 

their influence is on the total emissions of a ski area; therefore, they were crucial to consider. 

 

For defining the refrigerant use in snow factories, several assumptions were used. When it was 

unknown which refrigerant the ski area uses in its system, there has been chosen for R-134a, as 

this is the most common refrigerant in cooling equipment (IPCC - Intergovernmental Panel on 

Climate Change., n.d.). There is some difference in the amount of refrigerant used per sort of 

heat pump. This is logical because a heat pump can variate in type (for example air source or 

water source heat pumps) and they can variate in type of refrigerant. Because the cooling 

capacity of TIS systems is mainly around or above 250 kW, there has been an assumption made 

to expect 50 kg of refrigerant usage (WSP., 2018; John Cantor Heat Pumps., n.d.). Faney et al. 

(2009) stated that the lifetime of snow guns is 29 years. This has also been assumed for snow 

lances and TIS-systems. As stated by Traedal (2017) the first TIS-system were developed at the 

beginning of the 21st century. This means that a lifetime of 29 years could not be tested. Besides, 

the research and development on these systems has been growing significantly. For example, 

TechnoAlpin developed in 2014 a TIS system which used the refrigerant R404A. Eight years 

later, this TIS system with this type of refrigerant was not available anymore. For that reason, 

the lifetime for TIS-systems was estimated half of the normal snow guns’ lifetime, so 16 years. 

The leakage rates differ from source to source. However, as stated by WSP (n.d.), it is also 

possible that equipment in cooling systems does not leak at all. It is likely however, to assume 

a leakage rate of 3% a year (Campbell et al., 2005). Combined with the assumption 

abovementioned, this is a lifetime of 16 years. That means that after 16 years this results in 50 

kg * 0,97^16 = 30,7 kg remains of the total 50 kg refrigerant input. Thus, a leakage of 19,3 kg 

over the total lifetime. On average TIS systems leak 19,3/16 = 1,2 kg a year of refrigerant. 

 

Snow grooming 

Research is available on the effect of snow grooming on snow quality, the ecosystem, and 

injuries (Bergstrøm & Ekeland, 2004; Spandre et al., 2016; Wipf et al., 2005). However, 

scientific information is lacking regarding the energy use of snow groomers. This study could 

only find information provided by producers of snow groomers. The most well-known snow 

groomer producers in the European Alps are Prinoth and PistenBully. PistenBully’s snow 

groomers operate on diesel, electric, and – from 2022 onwards – hydrotreated vegetable oil 

(HVO). HVO is a bio-oil made from vegetable and animal fat waste (with no palm oil included). 

It can be used pure or mixed with diesel. The emissions of HVO are 0,314 CO2-eq/L, which is 

almost 10 times less then diesel (3,473 CO2-eq/L). A standard diesel snow groomer uses at least 

19,5 L/h and has a maximum power of 380 kW, which can vary greatly. For example, the 

smallest Pistenbully snow groomer, namely the Pistenbully 100 Trail, uses only 8,5 L/h. The 
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size of the tank can also vary greatly. For diesel and HVO, the same tank could be used 

(Pistenbully, z.d).  

 

The standard snow groomers produced by Prinoth mainly operate on diesel, but HVO, gas-to-

liquid (GTL), and biomass-to-liquid (BTL) are also options. Since 2020, Prinoth also produces 

a snow groomer that runs on hydrogen and electricity. The hydrogen motor has a maximum 

power of 400 kW, whereas the electric motor has a maximum power of 200 kW. The hydrogen 

snow groomer can operate for up to 4 hours with a full tank, whereas the electric snow groomer 

can operate for up to 3 hours, using 190 kWh and thus 63 kWh per hour of driving (Prinoth, 

z.d). For comparison, the tank of the Pistenbully 600 can be filled with 150 L of diesel 

(Pistenbully, z.d); thus, 150 L divided by 19,5 L/h (for a diesel snow groomer) would last for 

7,7 hours.  

 

This study selected diesel as the standard fuel used by a snow groomer, while HVO, hydrogen, 

and electricity were used as possible replacements to advance toward more sustainable snow 

groomers. 

 

Buildings 

A wide variety of buildings facilitate skiing. Buildings directly related to a ski area operator 

include buildings for tickets, administration, visitor facilities (e.g., toilets), restaurants, and ski 

lift buildings. However, because of this wide variety of buildings, it is difficult to make any 

broad generalizations about their energy use and emissions. Therefore, it was decided that the 

information regarding the energy use of buildings had to come directly from the ski area 

operator.  

 

In this research, to obtain a clear understanding of the energy use and emissions of buildings in 

their ski areas, the ski area operators were asked about the following types of energy use: 

- Building area in m2 

- Electricity use in kWh 

- Heating oil consumption in L 

- Natural gas consumption in m3 

- Biomass consumption in kg 

 

Buildings could also use renewable energies. These energies were already subtracted from the 

energy used in the categories above; for example, when solar panels were used, the electricity 

they generate was already subtracted from the total energy use. The same was done where solar 

thermal panels were used as they would automatically reduce the consumption of heating oil. 

 

Transport 

Some ski areas consist of different mountain areas connected by public transport. In this case, 

ski areas offer a free transfer by bus or train between mountain stations. The energy used by 

such transportation within the ski area – which is the responsibility of the ski area owner – was 

included in the energy consumption of the ski area.  
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The emissions from such transport depend on the type of transport, location, distances, driving 

time, and fuel type. This means that many variables are involved. Therefore, this study focused 

on bus and train transport in mountain regions. The driving times were obtained from the bus 

and/or train timetable provided by the ski area. The distances were based on the bus and train 

stops listed on the timetable, which were then searched for in Google Maps to determine the 

distance. 

 

Noteworthily, the energy use of buses in mountains differs from non-mountain buses. Giraldo 

and Huertas (2019) stated that buses at high altitudes use 0,41 L of diesel per km. By contrast, 

non-mountain buses consume 0,24 L/km (Al-Mahadin & Mustafa, 2018). Both numbers are 

highly variable since they depend on numerous circumstances. 

 

In this research, a number of 0,41 L/km was used for fuel use. An average city bus can hold 42 

passengers. This study assumed that bus would always be at full capacity; thus, the number of 

42 persons/h was used (Colorado Department of Transportation, n.d). 

 

Whereas for busses average data is available in the literature, this is almost unfindable for trains. 

It depends on the geographic location for a train to drive on diesel or electricity. Travel distance 

and -time and engine type differ for trains driving in ski areas. Assumptions on fuel use, travel 

distance and -time are therefore difficult to make. It is therefore preferred for ski areas to deliver 

these data for their specific train network. However, in other cases the example of the ski area 

Zillertal Arena could be used.  

In this ski area specific trains (which also facilitates the transport of ski materials) run 27 trains 

each day between Zell am Ziller and Mayrhofen, with a distance of 7 km (Trainline, n.d.). 

Expecting that the train uses diesel fuel, the fuel use of a train is around 11542 L for 805 km 

(CSX.com, n.d.). Thus, 14 litre per km. This results in a diesel use of 2646 L per day for the 

Zillertal Arena ski area. This amount can be used for making an estimation on fuel or electricity 

use for a train. 

 

Others 

This category comprised all of the other activities that use energy in ski areas, which differ from 

one ski area to another. The main uses are for lighting, ski support, and snow mobiles. 

Therefore, mentioning information about snowmobiles is crucial. Snowmobiles have either a 

two-stroke or four-stroke engine motor. In older snowmobiles, two-stroke engine are used; 

however, the modern 4-stroke engines are more fuel-efficient. Snowmobiles with four-stroke 

engines produce only approximately 10% of the emissions of those with two-stroke engines 

(Miers et al., 2000). Data on the fuel use of snowmobiles were provided by the ski area owners, 

and this study assumed the ski areas to use snowmobiles with two-stroke engines, since they 

are the most common type. 
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Furthermore, in the ‘others’ activity category, the overall energy use in the form of biomass, 

heat pumps, and CHP was included, which are not connected to a building. This is because they 

account for energy uses and emissions not directly connected to any activity. 

3.3.2 Functional unit 

Faney et al. (2009) used the functional unit of a skier-visit, which means one visit to a ski area 

by one skier in one day. Biberos-Bendezú and Vázquez-Rowe, (2020) used the functional unit 

of one tourist in a round trip in a cable car. Since their research was focused on the bridging of 

a certain distance by two different types of vehicles, this is a realistic functional unit for a 

specific route. However, it is not applicable to a whole ski area. 

Falk and Hagsten (2017) used other kinds of functional units. They mainly calculated the output 

of a ski area using factors of land (e.g., km of slopes) or lift capacity. Moreover, Spandre et al. 

(2016) used a functional unit for ski lifts of ski lift power (SLP), measured in km/person/h. 

They made a distinction between small (SLP < 2500), medium (2500 < SLP < 5000), large 

(5000 < SLP < 15000), and exceptionally large (15,000 < SLP) ski areas.  

The options were thus to either relate the emissions to the number of skiers per day or to the 

length of the slopes. The number of skier-days and the length of slopes were both critical to 

include in this research, since the emissions per skier-day and the emissions per length of slopes 

must both be as low as possible. Both were therefore relevant for calculating the CO2-eq 

emissions of a ski area for benchmarking purposes.  

 

Both skier-days and km of slopes are information available from all ski areas; therefore, they 

are perfect reference values. However, both would have to be included to make the fairest 

comparison of carbon labels for ski areas. Therefore, the emissions were calculated with two 

functional units: skier-day and km slope. On the label, both outcomes are reflected and together 

form one label. 

 

This study also chose to have a specific functional unit per activity, since this made it possible 

to compare subactivities. The following functional units per activity were used: 

- Ski lifts: kg CO2-eq/passenger/km; 

- Snow guns: kg CO2-eq/m3 snow production; 

- Snow groomers: kg CO2-eq/m2 groomed snow; 

- Buildings: kg CO2-eq/m2 building area; 

- Transportation: kg CO2-eq/passenger/km; 

- Others: Here, a functional unit was not possible as various subactivities were included 

in this activity category. 
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3.3.3 Emission and conversion factors 

Emission factors 

To calculate the emissions of all activities, emissions factors are used, which are defined as 

follows: “An emissions factor is a representative value that attempts to relate the quantity of a 

pollutant released to the atmosphere with an activity associated with the release of that 

pollutant. These factors are usually expressed as the weight of pollutant divided by a unit 

weight, volume, distance, or duration of the activity emitting the pollutant” (Environmental 

Protection Agency U.S., 2022).  

As explained above for each activity, several types of fuels are used: 

- Ski lifts: electricity; 

- Snow guns: electricity; 

- Snow groomers: diesel, HVO, electricity, and hydrogen; 

- Buildings: electricity, heating oil, natural gas, and biomass; 

- Transportation: diesel, HVO, gasoline, electricity, and hydrogen; 

- Others: diesel, HVO, gasoline, electricity, and hydrogen (and separately biomass and 

CHP). 

This study also chose to use the WTW factor (as described in Section 2.3.4). 

Other fuels were not included in this research since they are not commonly used for the 

aforementioned activities and/or are not focused on future emission reductions. For example, 

GTL has an emission factor of 3,274 CO2-eq/L; thus, ski areas could choose for exchange their 

fuel for another more sustainable type than GTL. 

Table 2 presents the emission factors of the aforementioned fuel types. Because the carbon 

labeling toolkit comprised ski areas in the European Alps, this study used the electricity mix of 

the six countries where the Alps are situated (Emission factors, n.d.). The emission factors 

presented of heating oil, natural gas, biomass, diesel, HVO and Hydrogen are Dutch emission 

factors (CO2 emissiefactoren, 2022). 

Fuel Emission factor Unit 

Heating oil  3,185 CO2-eq/L 

Natural gas 2,085 CO2-eq/Nm3 

Biomass (log wood, air dry: 20% MC) 0,077 CO2-eq/kg 

Diesel 3,473 CO2-eq/L 

HVO 0,314 CO2-eq/L 

Gasoline 3,032 CO2-eq/L 

Hydrogen 1,092 CO2-eq/kg 

Solar, wind, and hydropower 0,00 CO2-eq/kWh 

Electricity Italy 0,298 CO2-eq/kWh 

Electricity Austria 0,123 CO2-eq/kWh 
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Electricity Switzerland 0,024 CO2-eq/kWh 

Electricity France 0,049 CO2-eq/kWh 

Electricity Germany 0,407 CO2-eq/kWh 

Electricity Slovenia 0,264 CO2-eq/kWh 
Table 2 Emission factors (CO2 emissiefactoren, 2022; Emission factors, n.d.) 

The emission factor for biomass is for wood, in kg of dry matter. Wood logs were chosen since 

they are the most commonly used type of biomass for heating buildings. Other options include 

wood pellets and wood chips. However, wood chips are only used for companies or building 

blocks and thus not one building, while wood pellets are a newer form of biomass. The emission 

factor for wood logs is 0,077 kg CO2-eq/kg dust. All of these emission factors for biomass are 

based on wood from the Netherlands (and used in the Netherlands). Therefore, this study 

assumed the factors to be similar for wood taken from and used in the Alpine region for ski 

areas there. 

The emission factors of diesel and gasoline are for fossil fuel, and thus, not for blends. Heating 

oil only has one emission factor. The emission factor for natural gas is based on standard natural 

gas, and thus, not on (blends with) green gas and without leakages.  

Furthermore, the emission factor for hydrogen is based on green hydrogen, which means 

hydrogen produced by electrolyzed green energy. Gray hydrogen is produced by gray energy, 

which has an enormous emission factor of 12,516 kg CO2-eq/kg, which is 12 times higher than 

that of green hydrogen (CO2 emissiefactoren, 2022). This study assumed that green hydrogen 

would be used by the ski areas in the expectation that each will seek to transform into a more 

sustainable ski area. 

Conversion factors 

In the scenario analysis, examples were used where ski areas change their fuel type to decrease 

their emissions. As fuels are not always directly convertible, conversion factors were used. 

To calculate the conversion factors, the energy content (heating content) of the fuels was used 

based on the lower heating value. The sources for the values were as follows: 

- Diesel (38 MJ/L): Sustainability exchange, (n.d.) 

- Diesel (36 MJ/L), gasoline, natural gas, and electricity: Blok and Nieuwlaar (2017) 

- Hydrogen: World Nuclear Association (n.d.) 

- Heating oil: Fuels – Higher and Lower Calorific Values (n.d.) 

- Biomass: Forest Research (n.d.) 

- HVO: Aatola et al. (2009) 

 

Table 3 presents the energy content used in this research, whereas table 4 presents the 

conversion factors based on the energy content factors. 
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Fuel  Energy content Unit 

Heating oil  36,0 MJ/L 

Natural gas 31,0-36,0 MJ/m3 

Biomass (log wood, air dry: 20% MC) 14,7 MJ/kg 

Diesel 36,0 – 38,0 MJ/L 

HVO 34,4 MJ/L 

Gasoline 33,0 MJ/L 

Hydrogen 120,0 MJ/kg 

Electricity 3,6 MJ/kWh 
Table 3 Energy content of fuels based on the lower heating value; 0,85 kg heating oil =1 L heating oil 

Conversion type  Factor Unit 

Buildings   

Heating oil - electricity 10,0 kWh/L 

Natural gas – electricity  8,6 – 10,0 kWh/L 

Biomass - electricity 4,1 kWh/kg 

Snow groomers, transportation, others   

Diesel – electricity 3.3 – 3.2 kWh/L 

Diesel - HVO 1,0 L/L 

Diesel - Hydrogen 0,3 Kg/L 
Table 4 Conversion factors, based on energy content 

Critically, the different types of energy had to be considered. The energy used for buildings is 

heat energy, whereas for snow groomers, transportation, and others (in the case of vehicles) it 

is kinetic energy. Because in buildings fuels and electricity are both used for heating, there is 

assumed that there are no energy losses. For example, heating oil is replaced by electricity the 

calculation is 36,0 MJ/L / 3,6 = 10 kWh/L. This is the same for natural gas and biomass. 

 

For snow groomers, transportation and ‘others’ is the situation different. Approximately 70% 

of the energy of diesel in a vehicle ends up as heat (hot gas) in the atmosphere (Sustainability 

exchange, n.d.), whereas for a vehicle the energy content of diesel is approximately 38 MJ/L. 

Therefore, this amount was used for further calculations. Thus, using the conversion factor of 

10.6 kWh/L from diesel to electricity was not realistic, so the factor of 3.2 kWh/L was used.  

 

Furthermore, the losses in a vehicle for HVO are comparable to diesel since they are similar 

types of fuel. The losses for hydrogen occur when hydrogen is converted back to electricity 

inside the motor of a vehicle. The losses are approximately 60% for hydrogen (Baxter, 2020). 

By rounding the number, the conversion factor stays at 0.3 kg/L for diesel–hydrogen. Losses in 

the production process were not considered. 

 

Compering the above factors with the conversion factors of Prinoth (Prinoth, n.d.), the numbers 

are almost equal (see Appendix F for assumption table): 
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Diesel – electricity (Prinoth, n.d.): 150 L full tank / 19,5 L/h = 7,7 hours of driving on one tank. 

This snow groomer uses 63 kWh per hour driving, which means 63*7,7 = 485,1 kWh per 150 

L. Thus, 3,2 kWh/L. 

Diesel – hydrogen (Prinoth, n.d.): 150 L full tank / 19,5 L/h = 7,7 hours of driving on one tank. 

This snow groomer uses 4,4 kg hydrogen per hour driving, which means 4,4*7,7 = 33,9 kg per 

150 L. Thus, 0,2 kg/L. 

 

There is assumed that there are no energy losses by producing heat from electricity in buildings, 

because only heat energy is involved in this category. Therefore, the first three conversion 

factors in table 3 do not have a losses percentage. 

 

3.3.4 Calculations 

The calculations of the energy use and emissions of a ski area were divided into the following 

six activities: snow guns, ski lifts, snow groomers, buildings, transportation, and others. A ski 

area can choose to fill in the form in two ways, either per subactivity or per total activity 

category (e.g., the data from every ski lift separately versus data from all ski lifts together). If 

the ski area fills the form in separately, they will directly obtain an overview of which 

subactivity uses the most energy. This calculation was made for three different reference winter 

seasons, the average of which was used. The following paragraphs present the calculation of 

the kg CO2-eq emissions per winter season (in 1 year).  

 

Activity 1 – Snow guns 

The emissions per m3 snow production was calculated. This number indicated which snow 

production system emitted the most CO2-eq emissions. This number is passed on to the total 

emissions for the snow guns and the emissions per skier-day and km-piste. Where the emissions 

per m3 snow produced are calculated as followed: 

EMsp = EMtot, sg / SPsg 

 

Where: 

EMsp = total GHG emissions by snow guns per amount of snow production (kg CO2-eq/m3/yr); 

EMtot,sg = total GHG emission by snow guns in ski area (kg CO2-eq/yr); 

SPsg = total snow production by snow guns in ski area (m3/yr). 

 

The formula for the calculating emissions per snow gun system was as follows: 

EMtot, sg = Ee,sg * EFe,x +EMrf,sg 

 

Where: 

EMtot,sg = total GHG emission by snow guns in ski area (kg CO2-eq/yr); 

Ee,sg = electricity use by snow guns in ski area (kWh/yr); 

EFe,x = emission factor of electricity production in county x (kg CO2-eq/kWh); 

EMrf,sg = emissions of refrigerant by snow guns in ski area ((kg CO2-eq/yr). 
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Whereas the refrigerant emissions are calculated as follows: 

EMrfx,sg = RFLx,sg * GWPrfx  

 

Where: 

EMrfx,sg = emissions of refrigerant x by snow guns in ski area (kg CO2-eq/yr); 

RFLx,sg = leakage of refrigerant x by snow guns in ski area (kg/yr); 

GWPrfx = Global warming potential of refrigerant x (kg CO2-eq/kg). 

 

Activity 2 – Ski lifts 

The total electricity consumption was calculated in kWh/(pers.km). Again, these numbers were 

compared between the different ski lifts to reveal which ski lift uses the most energy. All of 

these numbers were summed to provide the total electricity consumption per person.km of the 

ski area. 

 

The formula for calculating the emissions per ski lift was as follows: 

EMtot, sl = Ee,sl * EFe,x 

 

Where: 

EMtot,sl = total GHG emission by ski lifts in ski area (kg CO2-eq/yr); 

Ee,sl = electricity use by ski lifts in ski area (kWh/yr); 

EFe,x = emission factor of electricity production in county x (kg CO2-eq/kWh). 

 

Activity 3 – Snow groomers 

The formula for calculating the emissions per snow groomer was as follows: 

EMtot, gr = Ee,gr * EFe,x 

 

Where: 

EMtot,gr = total GHG emission by snow groomers in ski area (kg CO2-eq/yr); 

Ee,gr = fuel use snow groomers in ski area (X/yr); 

EFe,x = emission factor of fuel x (kg CO2-eq/X). 

 

Activity 4 – Buildings 

This study asked for data on building area (m2), while the building emissions were calculated 

from electrical consumption (kWh), heating oil (L), natural gas (Nm3), and biomass (kg dust). 

The total emissions per building were calculated as follows: 

 

EMtot, b = (EL * EFel, x) + (HO * EFho) + (NG * EFng) + (BM * EFbm) 

 

Where: 

EMtot, b = total emissions of buildings (kg CO2-eq/yr) 

EL = electricity consumption buildings (kWh/yr) 

EFel, x = emission factor electricity country X (kg CO2-eq/kWh) 

HO = heating oil consumption buildings (L/yr) 
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EFho = emission factor heating oil (kg CO2-eq/L) 

NG = natural gas consumption buildings (m3/yr) 

EFng = emission factor natural gas (kg CO2-eq/m3) 

BM = biomass consumption buildings (kg dry matter/yr) 

EFbm = emission factor biomass (kg CO2-eq/kg dry matter) 

 

Activity 5 – Transportation 

This study asked for data on operation hours (h), transport capacity (pers/h), driving distance 

(km), type of fuel consumption (unit depended on type), and amount of fuel consumption (unit 

depended on type). The energy consumption was calculated in fuel consumption/person/km. 

The total emissions per type of transportation were calculated as follows: 

 

The formula for calculating the emissions per transportation was as follows: 

EMtot, t = Ee,t * EFe,x 

 

Where: 

EMtot,t = total GHG emission by transportation in ski area (kg CO2-eq/yr); 

Ee,t = fuel use by transportation in ski area (X/yr); 

EFe,x = emission factor of fuel x (kg CO2-eq/X). 

 

Activity 6 – Others 

For this group, the following standard formula was used: 

EMtot, o = Ee,o * EFe,x 

 

Where: 

EMtot,o = total GHG emission by ‘others’ in ski area (kg CO2-eq/yr); 

Ee,o = fuel use by ‘others’ in ski area (X/yr); 

EFe,x = emission factor of fuel x (kg CO2-eq/X). 

 

This group also included the emissions of energy generated by the ski area not from renewable 

energy, namely biomass, heat pumps, and CHP, which are not part of buildings. 

 

Renewable energy production 

In addition, the toolkit also contains a tab for energy production by renewable energies. This 

tab is specifically for energy produced by the ski area itself and not directly connected to one 

of the abovementioned activities above. For example, when electricity is produced by solar 

panels connected to a building, this production is deducted from the electricity use of the 

building. The energy production which is separately generated could be fill-in in this energy 

production tab. For that reason, this is a separate tab. In the total calculation these emission 

savings are deducted from the total emission. 
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The total calculation  

The total emissions are then calculated by the following formula: 

EMtot, = EMtot, sg + EMtot, sl + EMtot, gr + EMtot, b + EMtot, t + EMtot, o – ESrep 

 

EMtot = total GHG emissions in the ski area (kg CO2-eq); 

EMtot,sg = total GHG emission by snow guns in ski area (kg CO2-eq/yr); 

EMtot,sl = total GHG emission by ski lifts in ski area (kg CO2-eq/yr); 

EMtot,gr = total GHG emission by snow groomers in ski area (kg CO2-eq/yr); 

EMtot, b = total GHG emissions of buildings (kg CO2-eq/yr) 

EMtot,t = total GHG emission by transportation in ski area (kg CO2-eq/yr); 

EMtot,o = total GHG emission by ‘others’ in ski area (kg CO2-eq/yr); 

EStot, rep = total GHG savings by renewable energy production (kg CO2-eq/yr). 

 

Emissions per skier day are calculated as followed: 

EMtot, skier-day = EMtot / SD 

 

EMtot, skier-day = total GHG emissions in the ski area per skier-day (kg CO2-eq/skier-day/yr); 

EMtot = total GHG emissions in the ski area (kg CO2-eq); 

SD = total amount of skier-day in one year as average of three winter seasons (skier-days/yr). 

 

3.4 Practical test of the toolkit 
Section 3.4 provides the practical test of the established toolkit. The section begins with an 

explanation about the input data (Section 3.4.1), followed by the explanation of the assumption 

table (Section 3.4.2), followed by the results of the emission calculations (Section 3.4.3) and 

the practical usability of the toolkit (Section 3.4.4), ending with the scenario analysis (Section 

3.4.5) and sensitivity analysis (3.4.6). 

 

3.4.1 Data input 

The three ski areas delivered their data in the Wi-EMT format, and these data were used in the 

carbon labeling toolkit. Tables 5–7 present the information provided by the three ski areas. 

Appendix E illustrates how their data were transformed into data per subactivity. The 

conversion of the data into subactivities allows ski areas to compare subactivities within their 

own ski area. This allows ski areas to see which subactivities are (potentially) in need of 

improvement. 

Data from ski area 1 

Type Amount Unit 

General information   

Distance slopes  60 km 

Surface of slopes  1.659.300 m² 

Opening duration 156 days/yr 

Skier-days 1.222.872 skier-days/yr 
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Visitors 476.614 persons/yr 

Snow production   

Guns 117  

Lances 629  

Snow production 1.139.839 m³/yr 

Electricity use 4.501.840 kWh/yr 

Ski lifts   

Maximum transport capacity 35.533 passenger/h 

Operative hours winter season 1.404 h/yr 

Total electricity use 3.266.848 kWh/yr 

Snow groomers   

Number of snow groomers 20  

Total treated surface 258.850.800 m²/yr 

Total diesel use 370.480 L/yr 

Buildings   

Total building area 37.083 m² 

Electricity use 2.697.530 kWh/yr 

Heating oil use 5.484 L/yr 

Natural gas use 0 m³/yr 

Biomass use 218.320 kg/yr 

Transportation   

Diesel use 39.515 L/yr 

Others   

Snowmobiles gasoline use 7.230 L/yr 

Renewable energy production   

Electricity production 0 kWh/yr 
Table 5 Annual data delivered (average of 3 years) by ski area 1. Data in green is based on literature. 

Data from ski area 2 

Type Amount Unit 

General information   

Distance slopes (km) 60 km 

Surface of slopes (m²) 1.021.243 m² 

Opening days 127 days/yr 

Skier-days 1.150.000 skier-days/yr 

Visitors 447.471 visitors/yr 

Snow production   

Guns 264  

Lances 288  

Snow production 594.363 m³/yr 

Electricity use 3.186.316 kWh/yr 

Ski lifts   
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Maximum transport capacity 41.323 passenger/h 

Operative hours winter season 1.016 h/yr 

Total electricity use 2.559.016 kWh/yr 

Snow groomers   

Number of snow groomers 13  

Total treated surface 129.697.861 m²/yr 

Total diesel use 300.750 L/yr 

Buildings   

Total building area 26.295 m² 

Electricity use 105.192 kWh/yr 

Heating oil use 116.165 L/yr 

Natural gas use 0 m³/yr 

Biomass use 0 kg/yr 

Transportation   

Diesel use 2.978 L/yr 

Others   

Snowmobiles gasoline use 7.230 L/yr 

Renewable energy production   

Electricity production 0 kWh/yr 
Table 6 Annual data delivered (average of 3 years) by ski area 2. Data in green is based on literature. 

Data from ski area 3 

Type Amount Unit 

General information   

Distance slopes 25 km 

Surface of slopes  700.000 m² 

Opening days 118 days/yr 

Skier-days 239.470 skier-days/yr 

Visitors 107.325 visitors/yr 

Snow production   

Guns 81  

Lances 207  

Snow production 360.867 m³/yr 

Electricity use 2.022.197 kWh/yr 

Ski lifts   

Maximum transport capacity 23438 passenger/h 

Operative hours winter season 1065 h/yr 

Total electricity use 2.635.506 kWh/yr 

Snow groomers   

Number of snow groomers 9  

Total treated surface 74.151.777 m²/yr 

Total diesel use 143.758 L/yr 
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Buildings   

Total building area 2500 m² 

Electricity use 62.436 kWh/yr 

Heating oil use 6.663 L/yr 

Natural gas use 0 m³/yr 

Biomass use 0 Kg/yr 

Transportation   

Diesel use 21.040 L/yr 

Others   

Snowmobiles gasoline use 7.230 L/yr 

Renewable energy production   

Electricity production 0 kWh/yr 
Table 7 Annual data delivered (average of 3 years) by ski area 3. The data in green is based on literature. 

In these tables, data in green were not provided by the ski areas; data are estimated (see 

appendix E). 

3.4.2 Data estimations 

Appendix F provides an overview of the assumptions made for the calculations, which were 

not included in the aforementioned data from the ski areas. The assumption table is divided into 

the six activity categories plus general information. The data generated by these assumptions 

are in green in the carbon labeling toolkit. The black numbers were obtained directly from the 

data provided by the three ski areas. This set of data assumptions mainly presented assumptions 

made on refrigerants in snow production as well as fuel changes for the scenario analysis.  

 

3.4.3 CO2-eq emissions of the tested ski areas 

Table 8 presents the results of the three ski areas per category in CO2-eq/km-piste. Appendix 

G presents the all results in the units of total kg CO2-eq and kg CO2-eq/skier-day. 

 

Category Ski area 1 

(kg CO2-eq/km-piste) 

% Ski area 2 (kg CO2-

eq/km-piste) 

% Ski area 3  

(kg CO2-eq/km-piste) 

% 

Snow 

production  

22.359 29 15.825 30 23.442 29 

Ski lifts 16.225 21 12.710 24 31.415 39 

Snow groomers 21.445 28 17.409 33 19.971 25 

Buildings 13.969 18 6.689 13 1.593 2 

Transportation 2.287 3 172 0 2.923 4 

Others 418 1 418 1 1.004 1 

Savings 0 0 0 0 0 0 

Total 76.704  53.223  80.348  
Table 8 Emission results of the three ski areas 

The results of the three ski areas indicate that the main emissions are from three categories: 

snow production, ski lifts, and snow groomers. Whereas the results of ski area 1 and ski area 2 
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were comparable when looking at the ratio between the categories, those for ski area 3 were 

different. Approximately 30% of emissions were from snow production for all three ski areas. 

 

The emissions for ski area 3 are the highest per km-piste compared with the other two ski areas. 

Whereas this is mainly due to the high amount of emissions for the ski lifts. There could be 

several reasons for a high amount of emissions by the ski lifts, as less efficient ski lifts and a 

higher altitude the ski lifts have to bridge. Another reason for this could also be that ski area 3 

having a low total length of ski slopes (25 km) while still having a high number of facilities. 

This gives the results of higher emissions per km-piste. 

 

3.4.4 Practical usability of the toolkit 

The toolkit was especially developed to establish a carbon label for the ski industry. After 

entering the data of the three ski areas into the toolkit, the following notes on the toolkit’s 

usability were made: 

1. It is preferable for the ski areas to deliver their data for each subactivity, as this would 

provide a more precise output.  

2. Some specific data from the ski areas for use in the toolkit was not able to be collected, 

principally for subactivities. In such cases, the ski areas delivered their input in totals; 

it is unknown whether they have such data available for each subactivity. 

3. It was difficult to calculate the emissions for transportation since they were not included 

in the delivered data. Whether these data are available from the ski areas is unknown. 

4. Ski areas must deliver their data in the activity ‘buildings’ per building. It was 

impossible to make estimations on this activity due to the high number of variables in 

heating, electricity, and floor area (size) of the building. 

5. For the ‘others’ category in the three ski areas, only data for snow mobiles were 

delivered. However, a high chance exists that more activities in the ski area also fall 

under this category. 

6. Whether the ski areas measure refrigerant leakages in their snow production systems 

(when presented) is unknown. 

7. Because the functional units are skier-day and km-piste, it is critical for these numbers 

to be correct. 

8. Whether renewable energy is generated in connection to an activity (e.g., solar panels 

on the roof of a ski lift) or as one energy generation system (e.g., as a solar panel farm) 

is unknown. 

These points are provided here as feedback regarding the usability of the toolkit. They are 

discussed in more depth in Chapter 4. 

3.4.5 Scenario analyses 

The results of the scenario analyses are described in the following sections and extensive 

presented in Appendix H. 
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Scenarios 1 to 4 

In scenarios 1–4, there were two variables, namely the amount of electricity used, and the type 

of electricity generated. This resulted in four scenarios, as illustrated in Figure 9: 

 

Variable 1 indicates the amount of electricity used. The figure indicates electricity use of 50% 

for snow groomers, buildings, transportation, and others. This means that the overall electricity 

use is higher than 50% because the snow production systems and ski lifts are already fully 

powered by electricity. Furthermore, some buildings already use electricity, which are also not 

included in the 50%.  

 

The steps for scenarios 1 and 2 were as follows: 

- The energy used for snow production remained the same; 

- The energy used for ski lifts remained the same; 

- 50% of the snow groomers were electric (in total 10); 

- The oil and biomass use of buildings for 50% was recalculated to electricity (and 

added to the standard electricity use); 

- There were a total of five bus lines, while three of them were recalculated to 

electricity; 

- In the category of ‘others’, the diesel use of snow mobiles for 50% was recalculated 

to electricity. 

 

For scenarios 3 and 4, all fuel use was recalculated to electricity. The conversion calculations 

are presented as follows, where the conversion factors are based on the factors presented in 

Section 3.3.3. 

 

Snow groomer conversion 

Diesel → electricity:  

18.524 ∗ 3,2 = 59.277 𝑘𝑊ℎ (𝑝𝑒𝑟 𝑠𝑛𝑜𝑤 𝑔𝑟𝑜𝑜𝑚𝑒𝑟) 

Figure 9 Overview of scenarios 1 to 4  
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370.480 𝐿 2 =⁄  185.240 𝐿 

185.240 𝐿 ∗ 3,2 =  592.768 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 1 & 2) 

370.480 𝐿 ∗ 3,2 = 1.185.536 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 3 & 4) 

 

Building conversion 

Heating oil → electricity: 

5.484 𝐿 2 =⁄  2.742 𝐿 

2.742 𝐿 ∗ 10,0 =  27.420 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 1 & 2) 

 5.484 𝐿 ∗ 10,0 =  54.840 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 3 & 4) 

Biomass → electricity:  

218.320 𝑘𝑔 2 =⁄  109.160 𝑘𝑔 

109.160 𝑘𝑔 ∗ 4,1 = 447.556 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 1 & 2) 

218.320 𝑘𝑔 ∗ 4,1 =  895.112 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 3 & 4) 

 

Transport conversion 

Diesel → electricity:  

𝐵𝑢𝑠 1: 3.659 𝐿 ∗ 3,2 =  11.709 𝑘𝑊ℎ 

𝐵𝑢𝑠 2: 9.121 𝐿 ∗ 3,2 =  29.187 𝑘𝑊ℎ 

𝐵𝑢𝑠 3: 10.419 𝐿 ∗ 3,2 =  33.341 𝑘𝑊ℎ 

𝐵𝑢𝑠 4: 4.567 𝐿 ∗ 3,2 =  14.614 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 3 & 4) 

𝐵𝑢𝑠 5: 11.749 𝐿 ∗ 3,2 =  37.597 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 3 & 4) 

 

Others conversion 

Diesel → electricity:  

7.230 𝐿 2 =⁄  3.615 𝐿 

3.615 𝐿 ∗ 3,2 =  11.568 𝑘𝑊ℎ 

7.230 𝐿 ∗ 3,2 = 23.136 𝑘𝑊ℎ (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 3 & 4) 

 

Total electricity use of converted fuels 

Scenarios 1 & 2: 1.153.549 kWh 

Scenarios 3 & 4: 2.282.072 kWh 

 

In scenario 2, the electricity was based on fully renewable energy. Therefore, the existing 

electricity used for snow production, ski lifts, and buildings also had to be considered under the 

‘Energy production’ tab (i.e., the savings). This equaled an electricity production of 12.948.147 

kWh and emission savings of 64.309 kg CO2-eq/km-piste. 

 

Because scenario 4 also ran on fully renewable energy, the total of 13.010.773 kWh (also 

included the existing electricity) must be produced by the ski areas’ self-generating system. As 

stated by Lane (2021), most solar panels have an installed peak PV power between 300 and 370 

Wp. In average this is thus 335 Wp. Using the calculator of European Commission (2022), this 

gives for ski area 1 a yield of 359 kWh/yr, for a system with 1 solar panel of 0,335 kWp, with 

optimal orientation and gradient, and no shadow. The size of a solar panel is around 1,7 m2 
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(Solar Calculator, 2021). This means thus 1,7 m2 generates 359 kWh/yr for ski area 1. Thus 

359/1,7 = 211 kWh/m2/yr.  

 

To calculate the amount of needed squire meters for producing the 13.010.773 kWh/yr is then 

13.010.773 / 211 = 61.662 m2. For comparison, a football field is approximately 7000 m2; 

therefore, the ski area requires almost nine football fields of solar panels to produce electricity 

for the whole area. However, a study on solar panels in mountain regions stated that they could 

produce almost 150% of the electricity they would produce in non-mountain regions due to 

other weather circumstances (i.e., thinner clouds and reflection by snow; Solar panels high on 

snowy mountains yield peak power (2019)). This would reduce the number of solar panels 

required. 

 

For scenario 3, all types of inputs (diesel, heating oil, and biomass) were recalculated to full 

electricity with the same conversion factors as above. 

 

Thus, the scenarios were as follows: 

1. 50% of fuels were changed to electricity from the grid (Italian electricity mix); 

2. 50% of fuels were changed to electricity, and all electricity was self-generated from 

renewable sources; 

3. 100% of fuels were changed to electricity from the grid (Italian electricity mix); 

4. 100% of fuels were changed to electricity, and all electricity was self-generated from 

renewable sources. 

 

These scenarios generated the results presented in Table 9: 

 
Category (kg CO2-eq/km-piste) Ski area 1 

standard 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Snow production  22.359 22.359 22.359 22.359 22.359 

Ski lifts 16.225 16.225 16.225 16.225 16.225 

Snow groomers 21.445 13.666 13.666 5.888 5.888 

Buildings 13.969 16.042 16.042 18.116 18.116 

Transportation 2.287 1.313 1.313 628 628 

Others 418 267 267 115 115 

Self-production of renew. energy 0 0 −57.711 0 −63.316 

Total 76.704 69.873 12.162 63.331 15 

Total emission savings vs. standard: x 6.831 64.542 13.373 76.689 

Percentage savings: x 9% 84% 17% 100% 
Table 9 Results of scenarios 1 to 4 

As Table 9 indicates, scenario 4 exhibited the highest percentage improvement, which was 

expected. Thus, changing to self-generated renewable energy resulted in the highest impact. It 

can also be stated that it was more important to change to renewable energy than to electricity. 

The reason that emissions increased for buildings was due to biomass; furthermore, the 

emission factor used for biomass was lower (including the conversion factor calculation) than 

that for electricity. 
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Scenarios 5 to 8 

Scenarios 5–8 also had two variables, namely exchanging diesel for HVO and/or for hydrogen. 

Figure 10 presents an overview of the four scenarios: 

Scenario 5 was unchanged from the current situation, as no hydrogen or HVO is currently used 

for vehicles in this ski area. For scenarios 6 and 7, 50% of the vehicles (in the activity categories 

of snow groomers, transportation, and others) were changed to HVO or hydrogen fuel. As 

depicted in Table 10, the conversion factor for HVO was 1 and that for hydrogen was 0.3. 

 

The steps for scenarios 6 and 7 were as follows: 

- 10 snow groomers were converted to HVO or hydrogen; 

- Three buses were converted to HVO or hydrogen; 

- 50% of diesel use of vehicles in the ‘others’ category was converted to HVO or 

hydrogen. 

 

In scenario 8, all vehicles operated 50% on HVO and 50% on hydrogen. In the case of buses, 

this was not exactly 50% because three buses operated on HVO and two did on hydrogen. 

Therefore, the conversions were as follows: 

 

Snow groomer conversion 

Diesel → HVO: no conversions, only emission factor changes 

Diesel → hydrogen:  

18.524 ∗ 0,3 = 5.557 𝑘𝑔 (𝑝𝑒𝑟 𝑠𝑛𝑜𝑤 𝑔𝑟𝑜𝑜𝑚𝑒𝑟) 

370.480 𝐿 2 =⁄  185.240 𝐿 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 7) 

185.240 𝐿 ∗ 0,3 =  55.572 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 8) 

 

Transport conversion 

Diesel → hydrogen:  

Figure 10 Overview of scenarios 5 to 8 
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𝐵𝑢𝑠 1: 3.659 𝐿 ∗ 0,3 =  1.098 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 7 & 8) 

𝐵𝑢𝑠 2: 9.121 𝐿 ∗ 0,3 =  2.736 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 7 & 8) 

𝐵𝑢𝑠 3: 10.419 𝐿 ∗ 0,3 =  3.126 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 8) 

𝐵𝑢𝑠 4: 4.567 𝐿 ∗ 0,3 = 1.370 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 8) 

𝐵𝑢𝑠 5: 11.749 𝐿 ∗ 0,3 =  3.525 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 8) 

Others conversion 

Diesel → hydrogen:  

7.230 𝐿 2 =⁄  3.615 𝐿 

3.615 𝐿 ∗ 0,3 =  1.085 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 7) 

7.230 𝐿 ∗ 0,3 = 2.169 𝑘𝑔 (𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 8) 

 

 
Category (kg CO2-eq/km-piste) Ski area 1 

standard 

Scenario 5 Scenario 6 Scenario 7 Scenario 8 

Snow production  22.359 22.359 22.359 22.359 22.359 

Ski lifts 16.225 16.225 16.225 16.225 16.225 

Snow groomers 21.445 21.445 11.692 11.734 1.981 

Buildings 13.969 13.969 13.969 13.969 13.969 

Transportation 2.287 2.287 1.025 1.029 141 

Others 418 418 228 229 39 

Self-production of renew. energy 0 0 0 0 0 

Total 76.704 76.704 65.499 65.545 54.714 

Total emission savings vs 

standard 

x 0 11.205 11.159 21.990 

Percentage saving  0% 15% 15% 29% 
Table 10 Results of scenarios 5 to 8 

In scenario 5, there were no changes because the current fuel used at ski area 1 remains the 

same. Noteworthily, the emissions for scenarios 6 and 7 were almost equal. This indicated that 

it does not matter whether a ski area changes from diesel to HVO or hydrogen. Converting all 

vehicles to sustainable fuels, as done in scenario 8, would reduce emissions by almost 30%. 

 

Scenarios 9 to 12 

In scenarios 9–12, the variables were the length of the ski season and the number of skier-days. 

Thus, the focus was not on changing fuels but on changing the number of the functional unit. 

These scenarios aimed to determine the impact of these variables compared with the electricity 

and fuel changes. Scenario 9 was unchanged from the standard data since in both the variables 

were the average ski season length and number of skier-days. Figure 11 provides an overview 

of the four scenarios: 
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In scenario 10, the skier-days were increased by 10%, which meant an increase of 122.287 

skier-days. In scenario 11, the length of the ski season was decreased, meaning 10% fewer 

opening days of the ski season. Because this 10% decrease was in days in months outside of 

the season (i.e., December/April), the decreases in energy use and emissions were more than 

10%, especially for snow production. When the length of the ski season decreases, the energy 

use also decreases. Therefore, the gathered data on electricity use for snow production was 

decreased by 20%, while for the other categories it was decreased by 10%. Pons et al. (2015) 

stated that “the season length reduced by 15% under the +2  ͦC scenario”. This is for ski areas 

closest to Atlantic Ocean in the Pyrenees and on higher elevations, whereas for other ski areas 

this was less. 

 

Scenario 12 included both options, namely an increase in the number of skier-days and a shorter 

ski season. 

 

The results of the four scenarios are presented in Table 11: 

 
Totals Ski area 1 

standard 

Scenario 9 Scenario 10 Scenario 

11 

Scenario 

12 

Total emissions kg CO2-eq 4.602.216 4.602.216 4.602.216 4.007.842 4.007.842 

Total emissions kg CO2-eq/km-

piste 

76.704 76.704 76.704 66.797 66.797 

Total emissions kg CO2-

eq/skier-day 

3,76 3,76 3,42 3,28 2,98 

Percentage savings (based on kg 

CO2/skier-day) 

x 0 9% 13% 21% 

Table 11 Results of scenarios 9 to 12 

Figure 11 Overview of scenarios 9 to 12 
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Scenario 9 was the basic scenario and therefore no changes were applied. Scenario 11 indicated 

that decreasing the length of the ski season by 10% had a greater effect on emissions compared 

with the increase in the number of skier-days (scenario 10). As expected, combining both 

variables in scenario 12 had the highest impact. This scenario indicated that changing the 

seasonal opening times of the ski area and increase the amount of skier-days, can help to reduce 

emissions per skier-day. 

 

3.4.6 Sensitivity analyses 

Five sensitivity analyses were conducted. In four of them (1,2,3 and 5), the standard data of ski 

area 1 were used, whereas the fourth sensitivity analysis was based on scenario 3. The 

sensitivity analyses are extensive presented in Appendix I. 

 

Sensitivity analysis 1 – Refrigerants 

This study assumed that the ski areas do not use refrigerants in their snow production systems, 

since standard snow guns and lances do not use refrigerants (snow production is not possible 

above 3°C). However, this would change if they were to use temperature independent snow 

(TIS) systems. This analysis assumed that in one snow production system, 1.2 kg/year of the 

refrigerant R-134a would be used (see Appendix F for these assumptions). 

 
Totals Ski area 1 standard Sensitivity analysis 1 

Emissions kg CO2-eq snow production 1.341.532 1.343.248 

Total emissions kg CO2-eq 4.602.216 4.603.932 

Total emissions kg CO2-eq/km-piste 76.704 76.732 

Total emissions kg CO2-eq/skier-day 3,76 3,76 
Table 12 Results of sensitivity analysis 1 

Notably, including refrigerant losses in the data did not have a large impact on the total 

emissions of the ski area. 

 

Sensitivity analysis 2 – Operation hours of ski lifts 

The ski area ski area 1 stated that the operational hours of its ski lifts are 1404 per lift. With 

156 opening days, this means nine opening hours a day, which is high for a winter season with 

fewer sun hours. For example, in December the day length (between sunrise and sunset) is 

shorter than 9 hours (Time and Data, 2022). This sensitivity analysis checked how sensitive the 

output was to fewer operation hours of ski lifts. A limit was set of 7 operation hours a day, 

while the energy use was reduced by the same ratio. This study chose not to conduct a sensitivity 

analysis with more than nine opening hours, since this would be impossible during the winter 

season. This assumes that ski areas are not open before sunrise or after sunset.  
Totals Ski area 1 standard Sensitivity analysis 2 

Emissions kg CO2-eq ski lifts 973.521 759.346 

Total emissions kg CO2-eq 4.602.216 4.388.042 

Total emissions kg CO2-eq/km-piste 76.704 73.134 

Total emissions kg CO2-eq/skier-day 3,76 3,59 
Table 13 Results of sensitivity analysis 2 
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The emissions did not change significantly when the opening hours were changed. Thus, not 

knowing the precise hours of operation is not a problem. 

 

Sensitivity analysis 3 – Diesel use by buses 

This study assumed that buses use 0.41 L/km of diesel (Giraldo & Huertas, 2019), which is 

based on research conducted on passenger buses in mountain areas. Another study stated that 

passenger buses outside of mountain areas use 0.24 L/km of diesel (Al-Mahadin & Mustafa, 

2018). Because the amount can differ per ski area depending on the altitude and the altitude-

km that a bus travels, this number for diesel use had a large margin of uncertainty. Therefore, 

in this sensitivity analysis, 0.24 L/km was used to determine the impact of this assumption on 

the output. 

 
Totals Ski area 1 standard Sensitivity analysis 3 

Emissions kg CO2-eq transportation 137.236 80.331 

Total emissions kg CO2-eq 4.602.216 4.545.312 

Total emissions kg CO2-eq/km-piste 76.704 75.755 

Total emissions kg CO2-eq/skier-day 3,76 3,72 
Table 14 Results of sensitivity analysis 3 

As expected, the significance was high for specific activities; however, it was low for total 

emissions. This is due to the attribution of the emissions of the activity of ‘transportation’ 

already being low for total emissions. 

 

Sensitivity analyses 4a & b – Diesel–electricity ratio of snow groomers from scenario 3 

In some of the scenarios, conversion factors were used to recalculate the electricity or fuel use 

from a category. This was also the case in scenario 3, where all fuel uses were recalculated to 

electricity. Snow groomers were recalculated with a factor based on the diesel tank of a snow 

groomer and the amount of electricity that the same snow groomer would use if fully electric. 

Prinoth (n.d.) stated that a groomer would use 63 kWh per hour of driving. However, this is the 

case for only one type of electric snow groomer and the number could differ for other types. 

Furthermore, other impacts could exist on their electricity use, such as the gradient and weather. 

Therefore, in this analysis, snow groomers’ electricity use was changed to 53 kWh (sensitivity 

analysis (a)) and to 73 kWh (sensitivity analysis (b)) to determine the uncertainty margin of the 

amount of electricity use (for assumptions, see Appendix F).  

 

A diesel snow groomer can drive 7.7 hours on a full tank of 150 L. The same snow groomer 

(but of an electric version) would use 63 kWh per hour driving; thus, 63 * 7,7 = 485 kWh.  

For 53 kWh, this would be 53 * 7,7 = 408 kWh; thus, the conversion factor would be 408/150 

= 2,7. For 73 kWh, this would be 73 * 7,7 = 562 kWh; thus, the conversion factor would be 

562/150 = 3,7. 
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Totals Ski area 1 scenario 3 Sensitivity analysis 4a Sensitivity analysis 4b 

Emissions kg CO2-eq snow 

groomers 

353.290 298.088 408.491 

Total emissions kg CO2-eq 3.799.868 3.822.009 3.932.412 

Total emissions kg CO2-eq/km-

piste 

63.331 63.700 65.540 

Total emissions kg CO2-eq/skier-

day 

3,11 3,13 3,22 

Table 15 Results of sensitivity analyses 4a and 4b 

Notably, the total emissions did not change significantly when the snow groomers’ electricity 

use was changed. However, the emissions for only the activity of snow grooming changes by 

15%. 

 

Sensitivity analysis 5 – Diesel use by snow mobiles in the ‘others’ category 

The data provided by the ski area ski area 2 indicated that it uses a total of 66,904 L of diesel 

for its snowmobiles. As already explained, this was an unexpected amount and therefore not 

used as input for the analysis. This sensitivity analysis calculated the extent to which the diesel 

use of snowmobiles influences emissions. Therefore, 66,904 L was used. 

 
Totals Ski area 1 standard Sensitivity analysis 5 

Emissions kg CO2-eq others 25.110 232.358 

Total emissions kg CO2-eq 4.602.216 4.809.464 

Total emissions kg CO2-eq/km-piste 76.704 80.158 

Total emissions kg CO2-eq/skier-day 3,76 3,93 
Table 16 Results of sensitivity analysis 5 

Whereas the significance was high for the activity category, it was low for the total emissions 

of the ski area. This is because the activity category only accounted for a small proportion of 

the total emissions. 

 

3.5 Carbon label for benchmarking purposes 
In the last four sections the intermediate results are described. Whereas in section 3.3 is 

described how the carbon labelling toolkit is constructed, in section 3.4 this toolkit is tested. 

In this section is shown how to translate this toolkit to a carbon label.  

 

A label is possible in two ways: a label by ranking ski areas from the lowest emissions to the 

highest emissions, and by issuing only one label which can be obtained when a ski area 

performs below a certain value. In this case the output of the ski areas is in numbers and 

therefor it is possible to rank ski areas from low to high emissions. Because this research is 

for benchmarking purposes, there has been chosen to establish a carbon label in the form of a 

ranking. The aim is therefore to help ski areas, ski area visitors and the government to give 

insights in the emissions and the possibility to compare these between ski areas. 

 



 

 

 

 

 

 

Ianthe Simonse – Open Universiteit   58 

To establish a label, the norm-factor must be determined. This means an answer on the 

question: what is the best result a ski area could have for a carbon label? It is unknown if there 

are ski areas (and how many) that generate more renewable energy than they use. However, 

the goal is that they bring back their emissions to zero. This means, if they generate more 

renewable energy than they use, this will result in energy savings. However, that is not 

included in this research. Therefor the norm-factor is zero.  

 

Gössling and Buckley (2016) stated that color schemes are the most understandable and easiest 

way to present a carbon label. Thus, the carbon label developed in this research used a color 

scheme. In a colour scheme the green colour is usually the highest ranking whereas the red 

colour is the lowest ranking. 

 

In this research is it impossible to state which color ranking the three ski areas get, as the 

number of different ski areas is limited. However, it is possible to rank them for benchmarking 

purposes. As stated in section 3.4.3 the results of the emissions per km-piste are the lowest for 

ski area 2, and as second is ski area 1. There could thus be stated that ski area 2 gets the highest 

ranking on the list (or else, the best label) of the three ski areas. The problem is, giving them 

a label is impossible since only data from three ski areas is available. It is unknown what the 

average emissions are of ski areas in the European Alps. It is thus also unknown to say how 

‘sufficient’ or ‘insufficient’ these three ski areas score in comparison to other ski areas in the 

European Alps.  

 

To make it possible to use the carbon label, at least several ski areas from every European 

Alpen country must deliver their data. From there on can be decided which label every ski 

area gets.  
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4. Discussion 
This chapter presents the discussion and is divided following the same research steps as the 

results chapter. First, the energy and emission labels are discussed (Section 4.1), followed by 

the delivered data (Section 4.2), emission factors (Section 4.3), assumptions in this research 

(Section 4.4), and the establishment of the carbon labeling toolkit itself (Section 4.5). The 

chapter finishes with a discussion of the results (Section 4.6). 

 

4.1 Energy and emission labels, standards, and toolkits in the tourism industry 
As stated in Chapter 3, there are already many labels available for the tourism industry. 

However, several labels do not explain or/and have no information about the label publicly 

available (e.g., Allen et al., 2018). Another point of discussion is how an area can obtain a 

specific label. None of the label websites state how they calculate or conclude whether an area 

receives a label (which was different for the standards and toolkits). Moreover, most of the 

labels do not comprise stages, and therefore, an area either does or does not receive a label – 

there is nothing in between. Thus, the following questions arise: What exactly are the 

requirements for obtaining these labels? When commercial companies get paid for generating 

labels, how should this research determine whether they use the correct criteria? To this extent 

there is a certain lack of transparency in these labels.  

There was an expectation that the labels, standards and toolkits researched would be helpful for 

creating a carbon label for the ski industry. This proved not to be true since the researched 

labels, standards and toolkits where mainly focused on other type of tourism. Especially on 

tourism in the form of hotels, lodges, apartments, overnight stays etc., and how these types were 

managed by the owner. Only the Wi-EMT toolkit was very useful for this research. The main 

reasons therefor were the specific focus on ski areas and mainly consistence of qualitative 

criteria. Therefore, the Wi-EMT is used as basis for the establishment of the carbon labelling 

toolkit. 

4.2 Accuracy of data provided by the ski areas 
The delivered data were from three ski areas in the Trentino-Alto Adige region of Italy and 

provided as averages across three winter seasons. To ensure more accurate outcomes, specific 

data per subactivity were considered as input data. The following subsections present a 

discussion of the data provided for each of the three ski areas. 

4.2.1 Ski area 2 

- The number of skier-days was 1.150.000. However, such a perfect round number seems 

like an estimation and is likely not exact.  

- The amount of gasoline used by snowmobiles was 66.904 L. An average tank size is 

approximately 38 L, while a snowmobile’s average range is 300 km. Thus, the area’s 

snowmobiles drive 528.189 km a year, but they are normally only used by employees, for 

maintenance, and in emergencies. This number is unrealistic, especially when compared 

with the fuel use of 7230 L used by snowmobiles at ski area 3. Therefore, in both ski area 

1 and ski area 2 the fuel use of 7230 L is used as data input.  
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4.2.2 Ski area 3 

- The surface of the slopes was 700.000 m2. Again, it is suspected that the ski area has been 

rounding up or down this figure, so this is reasonably not exact.  

- The total building area was 2500 m2. The same reason applies for why this number 

probably is not exact.  

 

4.2.3 For all three ski areas 

- The number of opening hours for the ski lifts was unexpectedly high since in winter 

months the increased hours of darkness would shorten the opening times of the ski area.  

- No data were delivered regarding other types of energy use, such as lighting in- and outside 

ski lifts. This is possible, but for the size of the ski areas it was unexpected. 

- None of the three ski areas produce renewable energy. Therefore, the scenario analysis 

was conducted as an example. However, using data from ski areas that produce renewable 

energy would provide more precise and/or accurate results. 

4.3 Emission and conversion factors 
The emission and conversion factors used in this research are discussable. For the emission 

factors, losses in the production process were not included. Two-thirds of input energy is lost 

in the electricity generation process (Future energy partners, 2021). The energy losses in a 

country are dependent on the electricity mix of that country. The European environmental 

agency stated that in the EU in 2006, only 71% of the energy consumed reached the consumer 

(European Environmental Agency, 2010). Regarding specific fuels, the following points are 

important to discuss: 

 

4.3.1 Heating oil and natural gas 

This research did not include losses that occur when heating oil and natural gas is replaced by 

electricity (see table 4, ‘buildings’). There is chosen in this research that heating oil and natural 

gas versus electricity do not have energy losses, when converting one heating system to the 

other heating system. Therefore, the conversion is only a calculation from MJ or m3 to kWh. 

However, looking in the literature this assumption is not right. For example, heat produced by 

a heat pump use less energy input (using electricity) in comparison to the energy input of 

heating oil and natural gas. A heat pump can have an efficiency up to 400%, depending on the 

type of heat pump (Kensa Heat Pumps, 2022). This means that this research makes an 

overestimation of the electricity use by converting heating oil and natural gas to electricity. On 

the other hand, the emissions between heating oil, natural gas and electricity are not comparable 

in this way, since this is depending on how the electricity is produced. 

 

4.3.2 Electricity and biomass 

Switching fossil fuel or biomass use to electricity from the grid (and thus the electricity mix of 

the country itself) does not always have positive results. The electricity mix determines whether 

this is a sustainable step. In some scenario analyses of this research biomass used by buildings 

is replaced for heating by electricity. This gave a negative result, the emissions for heating by 
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electricity were higher than for heating by biomass. As stated by Boersma et al. (2009), the 

emission factor for biomass is highly variable and dependent on fuel type and installation. 

According to this study, burning biomass produces almost the same GHG emissions as burning 

fossil fuels. However, since the biomass source also captures the same amounts of GHG 

emissions, this fuel is considered a sustainable resource (Energy Information Administration 

U.S., 2021). Nevertheless, one must keep in mind that if the same amount of emissions is not 

captured in wood as the amount of biomass burned, this would not be a sustainable resource. 

Another point is that biomass emits particulate matter, which also has an impact on the 

environment. This was not considered in this research. Finally, biomass emission factors can 

change from country to county. In this research, Dutch biomass emission factors are used; 

however, the results could differ using biomass factors from other countries. 

 

4.3.3 Hydrogen and HVO 

The way in which hydrogen is produced has a considerable influence on the amount of 

emissions produced. This research chose to use the emission factor of green hydrogen, which 

is hydrogen produced using renewable sources. However, when a ski area uses gray hydrogen, 

the emission outcome of the carbon labeling toolkit would be higher. Furthermore, when 

hydrogen is converted back into electricity (inside the motor of a vehicle), energy is lost again 

(Bossel & Eliasson, 2002). The emission factor used for HVO was HVO produced from 

renewable resources (raw materials, such as used cooking oil [UCO]; CO2 emissiefactoren, 

2022). Otherwise, the emissions would also be higher than calculated in this carbon labeling 

toolkit. 

 

4.4 Discussion of the estimations made  
The discussion on the estimations made in this research is divided according to the activity 

categories (for ski lifts, buildings, and ‘others’ there were no discussion points) and presented 

in the following subsections: 

 

4.4.1 Snow production 

How much electricity is used by a snow production system actually depends on the year in 

which the system was built. In this research average energy use per m3 is used. Older snow gun 

equipment could use up to 3,5–4,3 kWh/m3 (Rogstam et al., 2011). Replacing old systems or 

components with new ones could lead to better results in the calculations for ski areas. 

However, this does not mean that replacing all old equipment with new equipment is sustainable 

if the old equipment would be disposed. Faney et al. (2009) found that replacing old snow guns 

with new ones is not reliable. They found the CO2-eq to be higher than for old snow guns 

because new snow guns use more electricity. Because the electricity use of snow guns is quite 

high, this study assumes replacing old snow canons with newer (more energy-efficient) ones. 

In this research snow guns and lances were assumed not to use refrigerants due to them being 

unable to produce snow above +0°C. However, TIS systems produce snow up to an outside 

temperature of 25°C, which is only possible with refrigerants. There is expected that the ski 
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areas tested in this research do not have TIS systems in use. But if so, the emissions could be 

higher than resulted in this research. R-134a 

In sensitivity analysis 1, there is estimated that the ski areas use the refrigerant R-134a. But 

other types of refrigerants used in snow production are R404a, R507, R507a, and R-717 

(Treadal, 2017). Emissions could therefore differ from one TIS system to another due only to a 

change in the type of refrigerant. For example, R717 – or ammonia – has a global warming 

potential (GWP) of almost zero (Agas., n.d.). Moreover, the leakage data used in this research 

were already 12 years old. In the meantime, there have been many improvements made in 

refrigerant use; thus, the actual percentage of refrigerant leakage can be expected to be lower. 

Still, the amount of TIS systems will influence the amount of emissions of a ski area. 

4.4.2 Snow groomers 

Crucial to note is that snow groomers have to drive several times over certain areas of slopes, 

since it is not always possible to drive perfectly only once over a ski slope. In this research the 

emission for snow groomers are calculated per m2 whereas there is assumed that snow groomers 

drive only once over a ski slope. To get a more realistic outcome of the emissions per square 

meter for snow groomers there must be expected that snow groomers driver several times and 

also depends on the type of snow and how much new snow has fallen.  

4.4.3 Transportation 

The estimations for ski bus use were based on buses in the Netherlands, where there are no 

differences in altitude. Therefore, this assumption was not entirely representative of buses in 

mountain regions. The emissions in mountain regions are higher, and therefor the estimated 

emissions for transportation in the toolkit is too low. 

4.5 The carbon labeling toolkit model 
Critically, the focus of the label is on the operation phase. The research of Biberos-Bendezú 

and Vázquez-Rowe (2020) stated that only a relatively small amount of emissions are linked to 

the operation phase (approx. 4%) in the case of cable cars for tourism in the Andes, whereas 

50% of emissions are linked to the construction phase. Noteworthily, their research could not 

be copied by the present study since the electricity for the cable cars examined by Biberos-

Bendezú and Vázquez-Rowe (2020) was generated by hydropower, a renewable energy source. 

An important reason to not include the construction phase is because of the lack of information 

about emissions linked to the construction phase. The research of Biberos-Bendezú and 

Vázquez-Rowe (2020) shows this data, but that research was done in Peru and is not easily to 

compare with a ski area in the European Alps. 

Another crucial point is that all ski areas seemed equal in terms of natural influences in this 

research. They may affect which side of the mountain a ski area is located or the average altitude 

of a ski area. This was consciously omitted from the scope of this research because the natural 

influences are difficult to consider. Only one slope could already lie on three sides of a mountain 
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and exhibit a change in altitude of over 1000 m. It is almost impossible to consider this in a 

calculation. Consequently, it could be possible that ski areas located at a higher altitude have 

superior end results. A ski area could consider this to be unfair; though, this may also lead to 

the conclusion that ski areas are not reliable below a certain altitude. 

Furthermore, in the carbon labelling toolkit a separate tab was included for renewable energy 

generation. This is energy generated by the ski area beside the renewable energy already 

integrated into activities such as buildings and lifts. Another approach could be to include the 

renewable energy generation per type of activity (e.g., the amount of electricity produced by 

solar panels on buildings). This could make the number of steps that a ski area has taken to 

reduce emissions more visible. 

In this research some energy producing systems, for heating buildings, were disregarded. 

District heating, geothermal heating and aquifer thermal energy storage (ATES) were not 

included since all these systems work as one system that deliver energy to a certain district or 

neighborhood. It made the carbon labelling toolkit too complex to include these systems. 

Furthermore, it was assumed that these systems are not likely to use in mountain areas, since it 

have to use long pipeline systems from the buildings to the energy producing systems and 

between the buildings.  

Another point of discussion is that the delivered data came from three ski areas that were 

comparable in terms of general information – only ski area 3 is smaller in terms of km-piste. It 

would therefore be interesting to compare three ski areas with more differences, such as in 

altitude, country, and type of energy usage and production. Furthermore, the Excel model 

worked well with the data, but if the data were separately delivered per subactivity, the 

outcomes would be more precise and useful for ski areas. This leads to another point of 

discussion: it is unknown to which extend ski areas have additional data that could be useful 

for this research, e.g., for snow groomers, it is unknown if fuel use is measured at the fuel station 

or from each snow groomer in particular. With the first way of measurement there could not be 

established a comparison for each snow groomer, and consequently as decision to replace these 

specific instruments.  

In this research costs for energy use and potential savings are not included. However, for ski 

areas the costs and benefits will also account for in the long term, corresponding to a more 

economical and emission-free ski area. 

 

This research is limited to the carbon emissions of the electricity use of a ski area. This means 

that the carbon labelling toolkit is not representative for the sustainability of the ski area. 

Therefore many other subjects, as water use, waste, impact on nature, impact on biodiversity, 

working conditions of the employees etc. must be included.  
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Finally, this research does not include emissions of tourism accommodation or transportation 

from home destination to holiday destination. Therefore it is not possible to compare the 

emissions of the activity of skiing to a skiing holiday.  

 

4.6 Results 
The outcomes of the sensitivity analysis were also interesting. In all of the analyses, the changes 

were low. Thus, not filling in the exact data could still provide a clear view of the emissions of 

a ski area. The reason could be that the overall energy use is so high that smaller changes do 

not affect the overall emissions substantially.  

 

4.7 Limitations 
The research has several limitations, explained in the following paragraphs. 

 

First, this research uses many websites as references. Because information about specific labels, 

standards and toolkits is missing in literature. This also applies for information of the ski area 

activities. E.g., there is lack of information about energy use and emission of snow groomers in 

the literature. Accordingly, data is used from producers, assuming they provide honest data 

according to truth. Also, for many labels the information was not publicly available. In all these 

cases it was difficult to say if these labels are established with the goal to help declining the 

emissions of companies/areas, or that the goal is mere financial profit (or a combination of 

both). Therefore, it is difficult to believe in the goal of all the sustainability labels named in this 

research. Furthermore, as presented in the reference list, for many of these websites it is 

unknown who wrote the text on the webpage and at which moment. Subsequently, this data is 

regarded less accurate. 

 

Secondly, the availability of greenhouse gas emission factors of fuels was scarce Whereas many 

institutions have these data available online, there where high costs involved (e.g., IEA., n.d.) 

For that reason there has been chosen to use the Dutch emission factors since these were fully 

publicly available.  

 

Thirdly, the data delivered by the three ski areas was in the format of the Wi-EMT 

questionnaire. Consequently, a large amount of assumptions was made that could allow more 

uncertainties in the output.  
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5. Conclusion and recommendations 
To give a conclusion, in this section the research questions from Section 1.2 were answered. 

 

Which methods and criteria are used in sustainability labels in the tourism industry and could 

potentially be applied in the ski industry? 

This research found that the available sustainability labels for the tourism industry where mostly 

not useful for this research. They were mainly focused on the stays of tourists in their holiday 

destinations and from several labels the criteria where unknown or did not had free access. 

However, this study concluded that the existing toolkits were more relevant for this carbon label 

since they demonstrate how the calculation behind a label is conducted. This was missing in 

the existing labels and standards. Especially the Wi-EMT toolkit was very useful for this 

research, for that reason the carbon labelling toolkit is based on the Wi-EMT toolkit.  

 

Which criteria should be considered for comparing ski areas’ energy use and emissions? 

All emissions are the responsibility of the ski area itself. This research evaluated a large number 

of sustainability labels, standards, and toolkits that mainly present criteria that are divided into 

four groups: management, economic/social, cultural, and environmental criteria. The 

environmental criteria were those that could be considered in a carbon label for ski areas. From 

the results of this research, it emerged that it was even more important to consider the current 

toolkits for the tourism industry and carbon labeling. This resulted in this study using the Wi-

EMT as the baseline, with criteria added on electricity and hydrogen power for snow groomers, 

public transportation within the ski area, and refrigerants for artificial snow production. The 

most critical step was to calculate emissions for ski areas for each type of activity and as a 

whole.  

 

What is the most suitable functional unit to use in an emission label for ski areas? 

Including the functional unit provided the possibility of benchmarking ski areas. This study 

chose to have two functional units, namely skier-days and km-piste, which are regarded the 

most suitable for this research. The impact of changing the numbers of these functional units 

were described in scenario analyses 9–12. 

 

How can the available ski area data be calculated, documented, and registered in one emission 

label and used for benchmarking? 

The answer to this question is through the establishment of a carbon labeling toolkit in Excel. 

This toolkit has a fill-in format, wherein ski areas enter data regarding six activity categories: 

snow production, ski lifts, snow groomers, buildings, transportation, and others. Additionally, 

there is a category for emission savings (energy production). These categories offer insights 

into the emissions per subactivity (e.g., per ski lift) as well as a comparison between the 

subactivities. For ski areas, this ensures transparency of which subactivities score insufficient 

and sufficient on emissions. Furthermore, the carbon labeling toolkit presents the overall 

emissions of the ski area per skier-day and km-piste. Thus, the results can be used to benchmark 

different ski areas. 
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How can ski areas’ greenhouse gas emissions be reflected in a carbon label for 

benchmarking purposes? 

Ski areas’ greenhouse gas emissions are reflected by the establishment of an emission labelling 

toolkit. In this toolkit ski areas could collect their GHG emissions by inserting data of their 

energy use of snow production systems, ski lifts, snow groomers, buildings, transportation and 

‘others’ (the remaining part). These energy uses minus their energy savings, by self-generated 

renewable energy, is calculated to their greenhouse gas emissions in CO2-eq per skier-day and 

km-piste. Both units are used for benchmarking ski areas on their CO2-eq emissions.  

 

In this research the data of three ski areas is used as input in the toolkit. This revealed that more 

data is needed to link a carbon label to ski areas, since it is unknown what the average emissions 

of ski areas are in the Alps. Nevertheless, using the toolkit is the manner to reflect GHG 

emission in a carbon label for benchmarking purposes.  

 

Recommendations 
Several recommendations will be provided to enhance the creation of a carbon label in the ski 

industry. 

 

The first recommendation is to extend the number of tested ski areas. Benchmarking ski areas 

is only possible when there is enough data available of a high number of ski areas. It is 

recommended to use the carbon labelling toolkit on a high number of ski areas, as done in the 

three ski areas of the Trentino/Alto Adige region, for benchmarking purposes.  

 

The second recommendation is to connect the carbon labelling toolkit to an improved 

monitoring system in a ski area. When in a ski area the energy use is automatically monitored, 

this gives more precise results and saves a lot of work for the ski areas. 

 

Thirdly, as stated in the discussion, not all energy generating systems are included in the carbon 

labelling toolkit. There could be investigated if there are other energy generating systems in ski 

areas which are not included in the carbon labelling toolkit. The carbon labelling toolkit could 

then be expanded with energy systems as district heating, geothermal heating and ATES. 

 

The final recommendation is to research how ski areas could become more energy efficient in 

other ways than only changing fuels and/or generated renewable energy. Szlosarek et al., (2019) 

did research to the energy efficiency of ropeways and took therefore a ropeway with an energy 

consumption of 3044 kWh for 1 day (7 hours) and a transport of 9055 persons. They stated that 

decreasing the number of vehicles on the rope and the velocity of the ski lift, or combining these 

strategies could decline the energy consumption with 21.8%. Furthermore, they stated that this 

could save 30,38 ton of CO2-eq (based on average European electricity mix) per ski lift per 

year. This shows that it is recommended to do also further research on energy efficiency in 

general in ski areas. It is not necessary to include this in the carbon labelling toolkit. 
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Appendix 
Appendix A: Brief description of labels relevant for this study 
In the following Sections a small explanation of the selected labels is given. For selection table, 

see Excel appendix A, for selection of the label criteria, see appendix A2 in Excel. The 

following labels are described: TourCert label, EarchCheck label, Green Globe label, Green 

Pearls Unique Places, Green Destination certification, Flocon Vert and Sustainable Slopes.  

 

The TourCert label 

The TourCert label for destinations is based on the GSTC standard (Criteria D5) and has the 

following criteria described which are related to this research (TourCert, 2018): 

- “Electricity consumption (kWh) per night and year” 

- “Heat consumption (kWh) per night and year” 

- “CO2 emission (kg) per night” 

- “Share (%) of renewable energies in total energy consumption” 

 

The EarthCheck label 

EarthCheck described that their label is based on the following standards: “ISO14001, 

ISO50001, ISO26000, ISO9001, the GRI, the HCMI, the SDG’s and is accredited by the GSTC” 

(Rongjian & August, 2018). The goal of the standard is to allow companies and destinations 

benchmarking themselves to specific indicators, however, they do not describe what these 

‘specific indicators’ are (EarthCheck, n.d.). Furthermore, this label is focused on creating an 

action plan for a specific company or destination, instead of creating a target a company must 

reach to get the label (Rongjian & August, 2018). For example: “Has the organisation 

established an Environmental & Energy Management System (EMS & EnMS)?” (Rongjian & 

August, 2018). The EarthCheck label is focused on policy, governance and communication and 

has only one sub-group related to sustainability and energy. 

 

The Green Globe label 

The Green Globe label shows the same kind of criteria as EarthCheck. The criteria are not ‘hard’ 

numbers, but more a checklist to make an action plan. For example, Green Globe has one of 

the following criteria: “D.1.3 Energy Consumption: Energy consumption should be measured, 

sources indicated, and measures to decrease overall consumption should be adopted, while 

encouraging the use of renewable energy” (Green Globe, n.d.). Looking to the labelling criteria, 

it is more a copy of the GSTC then an implementation of the GSTC. Important to notice is that 

the Green Globe label is the new format of the EarthCheck label (Duglio & Beltramo, 2016). 

 

Green Pearls Unique Places 

Whereas the TourCert has comprehensive labelling criteria, for the Green Pearls Unique Places 

label it is only a small list with requirements. Looking to the part of energy consumption, they 

only stated the following requirements (Green Pearls, n.d.): 

- “Energy and resource efficient technologies” 

- “Energy efficient bulbs” 

- “Alternative Energy use” 

- “Renewable energy consumption (whereas the use in constantly increasing)” 
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- “Energy consumption is measured and is constantly being improved” 

 

These criteria a very minimal and it is unclear in were they specific ask for.  

 

Green Destination Certification 

This certificate is divided in subgroups, including the subgroup ‘Environment & climate’. One 

of the criteria in this subgroups is reduction of fossil fuel dependency. Described as ‘Adequate 

measures and incentives exist to reduce reliance on fossil fuels and to encourage renewable 

energy technologies’ (Green Destinations, n.d.). This criteria illustrates that there are options 

for companies to reduce their fossil fuels. However, the criteria do not state that they have to 

reduce their fossil fuel emissions and how much they have to reduce their fossil fuel emissions. 

 

Flocon Vert 

The Flocon Vert label has as goal to encourage mountain resorts for sustainable development. 

It is a label which a ski resort can get by having a sustainably-analysis and environmental audit. 

This happens in the way of filling in a questionnaire with 128 questions. A commission decides 

if the ski resort is sustainable enough (Euromontana, 2019). This label also contains many social 

criteria, for example ‘fair working conditions’ and ‘cultural heritage’. A mountain area is in 

possession of this label for 3 years, whereas ever 1,5 year they will check the sustainable 

development of the area (Flocon Vert, n.d.).While in the Flocon Vert an environmental audit is 

included, a method which can rank ski areas according to their energy consumption and 

greenhouse gas emissions, comparable to the carbon emission above, is missing.  

 

Sustainable Slopes 

Sustainable Slopes is a climate challenge program, which ski areas can join to set their 

sustainability goals. For example, Aspen Skiing Company set their goal to reduce their 

emissions by 18% under the level of 2014 in 2020. The affiliated ski areas have to commit and 

pledge to an improving environmental performance (National Ski Areas Association (NSAA), 

2018). Until now this label is only used in the North-Americans (Duglio & Beltramo, 2016). 

According to Duglio & Beltramo (2016), Sustainable Slopes is called an ecolabel. However, it 

could be considered as a climate challenge for ski areas, setting their own goals instead of 

labelling ski areas compared to each other. Although these labels are sustainability labels, they 

do not show the energy consumption and greenhouse gas emissions of the ski resorts.  
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Appendix B: Brief description of standards relevant for this study 
In the following sections the selected standards were described. The criteria selected from 

these standards are presented in Appendix B in Excel. 

The GSTC standard 

The GSTC standard is established “to provide a common understanding of sustainable 

tourism” (GSTC, 2019). The criteria of the GSTC have eight different aims, whereas one stands 

out: “serve as a basis for certification for sustainability” (GSTC, 2019). Important to notice is 

that criteria show not how to do it, but the focus is on what should be done to meet these criteria. 

For this reason, the GSTC standard is a first step in building a labelling method.  

 

This standard is divided in four sub-categories: sustainable management, socio-economic 

impacts, cultural impacts, and environmental impacts (GSTC, 2019). This research is focused 

on the energy aspects of a ski area, therefore only the standards for the sub-category of 

environmental impacts was described.  

 

The last sub-category (D), which focusses on environmental impacts, is separated in three 

groups: conservation of natural heritage, resource management, management of waste and 

emissions. Whereas the first group is fully focused on protection of nature, animals and plants, 

including the interaction with tourism, the other two categories are more focused on energy and 

water use. The following criteria can be useful in the case of a carbon label in the ski industry:  

• D5 Energy conservation: “The destination has targets to reduce energy consumption, 

improve efficiency in its use, as well as increase the use of renewable energy.” 

• D10 GHG emissions and climate change mitigation: “The destination has targets to reduce 

greenhouse gas emissions, and implements and reports on mitigation policies and actions.” 

• D11 Low-impact transportation: “The destination has targets to reduce transport emissions 

from travel to and within the destination.” 

 

The EETLS-standard 

The EETLS is established by the Ecotourism Knowledge Network (ECOLNET). As described 

by (Hamele et al., 2013), the aim of the label is “intended to act as a harmonisation instrument 

among European quality labelling initiatives that approach Ecotourism as an integrated 

tourism product, or deal with individual Ecotourism services.” The criteria are adopted from 

the GSTC standard and therefore very similar to the GSTC. Looking to the criteria of energy 

and emissions the following criteria are included in their standard (Hamele et al., 2013): 

• Criterion D.1.3.: “Energy consumption is measured, sources are indicated, and measures 

are adopted to minimise overall consumption, while encouraging the use of renewable 

energy” 

• Criterion D.2.4.: “The business implements measures to reduce pollution from noise, light, 

runoff, erosion, ozone-depleting compounds and air, water and soil contaminants.” 
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Both criterions are comparable to the criterion of D5 and D10 of the GSTC standard. 

Furthermore, noticeable is that the EETLS requirements refer to the EMAS for data collecting. 

Whereas these two systems are thus closed linked with each other. 

 

The ETIS-standard 

The EU established the ETIS management, information and monitoring system (European 

Commission, 2016). The system is based on 43 core indicators. These are combined in for 

different groups: destination management, social and cultural impact, economic value and 

environmental impact. The structure is comparable to the GSTC standard. As described by the 

(European Commission, 2016) the monitoring system is made for a new way of data and 

information collecting which is more focused on local economy, community and the 

environment. ETIS is divided in two sections, the first part is a roadmap model, the second part 

is an overview of the core criteria (European Commission, 2016). While the first part can be 

seen as a toolkit, the second part (which is included in this research) is like a standard. The 

criteria are again very comparable to the GSTC. However, the core indicators of the ETIS are 

more specific than the criteria of the GSTC. For example, indicator D.6.1.: “Energy 

consumption per tourist night compared to general population energy consumption per resident 

night.”  
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Appendix C: Brief description of toolkits relevant for this study 
The following sections describe the selected toolkits. In Appendix C in Excel is the selection 

of the criteria of these toolkits presented. 

The PAS2050 

The PAS2050 was the first GHG standard for product and services and is from a governmental 

British standardization company (British standard institution, n.d.). The goal of the PAS2050 

is to have one uniform assessment, which can be used as guideline for GHG assessments, 

focused on a product level (Liu et al., 2016). This method quantifies the carbon footprint of a 

product (The greenhouse gas protocol, 2011). The PAS2050 is closely linked with the GHG 

protocol. Whereas both are built up on the following key topics: 

- Sector or product rules 

- Inclusion of biogenic carbon 

- Recycling  

- Land use change 

- Delayed emissions 

 

While both are kind the same, the difference is that the PAS2050 can be seen as applicable 

method, whereas the GHG protocol provides requirements to quantify the GHG’s for publicly 

reporting.(The greenhouse gas protocol, 2011). 

 

The Wi-EMT 

Since 2020 the EU alpine space centre Interreg established, within the Smart Altitude project, 

a new energy management tool for the ski industry, called the Winter Eco-energy Management 

Toolkit (Wi-EMT). This toolkit is especially made for measuring energy use in the ski industry 

and thus very useful as first step to an carbon label in the ski industry. The toolkit is based on 

the Eco Energy Efficiency Management Toolkit (3EMT), made by the Central Environmental 

and Energy Management (CEEM) (Polderman et al., 2020).  

 

While the Smart Altitude project include a very complete roadmap, still some parts can be 

further researched and defined. The Wi-EMT is a self-evaluation tool, whereas a research 

institution can convert it to an evaluation report about the energy use and emissions of the ski 

areas (Polderman et al., 2020). The questionnaire is divided in seven subcategories: general 

data, energy status, smart grid, sustainable mobility, adaption to climate change, self-evaluation 

and future outlook. The last five categories are questions which can be answered with yes/no 

or with a number from 1 to 5. In comparison, the first two categories are based on measurable 

numbers. The following data is requested: 

 

The activities: 

1. Slopes: km slopes, km2 of slopes and drop of slopes 

2. Snow production: m3 of snow production, amount of snow guns/lances 

3. Ski lifts: total amount of lifts, passengers per hour, operative hours 

4. Snow groomers: number of snow groomers, operative hours 
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5. Buildings: m2 building area 

6. Mobility (train/bus): skier-days 

7. Operation: days of operation, number of visitors, skier-days 

 

From the activities above a step is made towards the energy use: 

1. Electric consumption of snow production, ski lifts and buildings 

2. Oil/gas/fuel consumption for buildings, snow groomers and others (when needed) 

3. Type self-generated energy: solar PV, solar thermal, wind, hydro, biomass, CHP, heat pump 

4. Energy from a grid/external generator: electricity from grid, district heating, LPG, oil, gas 

5. Mobility (bus/train): oil/electricity use 

 

This toolkit is not an automatically generated energy and emission indicator. It is by the ski 

areas themselves to work on a more energy efficient ski areas. However, the Smart Altitude 

project made different tools, as a webGIS and monitoring tool, to help the ski areas with the 

completing their roadmap. While the ski areas get a mark for collaborating in the Smart Altitude 

project, they do not get a type of carbon label for benchmarking themselves with other ski areas.  

 

The Green House Gas protocol 

The GHG protocol toolkit is established by the GHG protocol standard. The GHG protocol 

toolkit is a framework to measure and manage GHG’s. The toolkit shows a step-by-step process 

to measure companies’ emissions (Greenhouse gas protocol, n.d.). 

 

They established a tool including the following subjects: 

- Scope 1: Stationary Combustion 

- Scope 1: Mobile Combustion 

- Scope 1: Refrigerants 

- Scope 2: Purchased Electricity 

- Scope 3: Transportation 

 

Whereas in scope 1 are the direct emissions (of the facilities of the company which produces 

their own electricity, steam, heat or power) calculated. Scope 2 are the indirect emissions from 

the facilities of the company itself. For example, the electricity used from the grid. Scope 3 are 

the indirect emissions of outsourced activities, as transportation from stakeholders and 

employees. The GHG protocol calculates six types of greenhouse gasses, which are CO2, CH4, 

N2O, HFC’s, PFC’s and SF6. 

 

While the toolkit is more focused on industrial businesses, it is very comprehensive and include 

all needed components. Including in the toolkit is an overview of emission factors of all 

compounds, based on the information of the IPCC. However, the information is focused on the 

UK, US and Canada. For that reason, some information, for example the electricity use coupled 

to a region, is not useful.  

 



 

 

 

 

 

 

Ianthe Simonse – Open Universiteit   90 

The EMAS 

The EMAS is set-up by the European Union based on the ISO14001. It has as goal ongoing 

improvements for the environmental performances of organizations (European Parliament, 

2009). This scheme is not only set-up for the tourism sector, but for all sectors. There is 

specifically defined to what organizations need to comply to. Whereas they prefer in the first 

case quantitative data, and only if that is not available qualitative data could be used. The 

scheme is divided in five key indicators: Energy, materials, water, waste, land-use (including 

biodiversity) and emissions (European Parliament, 2009). The EMAS stated that for every key 

indicator three numbers must be given by the organization (European Parliament, 2009):  

- number A: total yearly consumption/total yearly production 

- number B: yearly reference value from the activity of the organization 

- number R: ratio between A/B 

 

Looking now to the two specific key indicators which are relevant for the emission of ski area 

operations, this are ‘energy’ and ‘emissions’. For energy they expect the following data of an 

organization (European Parliament, 2009): 

- “total direct energy use (on yearly base);” 

- “total energy use from renewable energy systems (on yearly base);” 

- “total energy produced by renewable energy systems (on yearly base, only necessary 

when there is a recognizable difference with point two);” 

- “if the energy of the points above is generated by different types of sources, they must 

be noted separately;” 

- “the energy unit must be in kWh, MWh or GJ.” 

 

For emissions the expect the following data of an organization (European Parliament, 2009): 

- “the total yearly emissions of GHG’s. Whereas they take the following substances in 

account: CO2, CH4, N2O, HFK’s, PFK’s, NF3 and SF6. They must be calculated in tonne 

CO2-equivalent;” 

- “The total yearly emissions to the atmosphere of SO2, NOx and PM in kg or tonne.”  

 

The EMAS illustrate a clear overview of possible variables and units which must be used in 

sustainable labelling.  
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Appendix D: System boundaries of the six activities 
The following sections illustrate the emission system boundaries per ski areas’ activity. 

Noticeable, in the carbon labelling toolkit ‘maintenance’ energy uses can be filled-in in the 

activity category ‘others’, and thus not at one of the other activities. The activity category 

‘others’ is not mentioned in this appendix, since the system boundaries differ per type of activity 

filled-in at the ‘others’ tab. 

 

Ski lifts 

Figure 12 illustrates the system boundaries for the emissions of ski lifts, with the following in- 

and outputs: 

- Gate (in): This is the boundary between building phase and operation phase. 

- Gate (out): This is the boundary between operation and waste of the ski lift (or any type 

of reuse) 

- Resources: This is the energy use for the operation phase. In this case the energy needed 

to produce electricity. 

- Emissions: Emissions from generating electricity (within the ski area, or used from the 

grid, or both).  

 

Snow guns 

Figure 13 illustrates the system boundaries for the emissions of snow production systems, with 

the following in- and outputs: 

- Gate (in): This is the boundary between the snow gun production phase and operation 

phase. 

- Gate (out): This is the boundary between operation and waste of the snow gun (or any 

type of reuse). 

Figure 12 System boundaries of the operation phase of a ski lift 
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- Resources: This is the energy use for the operation phase. In this case the energy needed 

to produce electricity and, when necessary, also the type of refrigerant is mentioned.  

- Emissions: The emissions from generating electricity (within the ski area, or used from 

the grid, or both) and fluorinated gasses emissions.  

 

Snow groomers 

Figure 14 illustrates the system boundaries for the emissions of snow groomers, with the 

following in- and outputs: 

- Gate (in): This is the boundary between production and operation of a snow groomer. 

- Gate (out): This is the boundary between operation and waste of the snow groomer (or 

any type of reuse) 

- Resources: This is the energy use for the operation phase. This could be electricity, 

fossil fuel or renewable energy sources.  

Figure 13 System boundaries of the operation phase of snow guns 
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- Emissions: The GHG emissions from electricity generation or fossil fuel combustion.  

 
Figure 14 System boundaries of the operation phase of trail maintenance 

 

Buildings 

Figure 15 illustrates the system boundaries for the emissions of snow buildings, with the 

following in- and outputs: 

- Gate (in): This is the boundary between the construction of the building and the use of 

the building. 

- Gate (out): This is the boundary between the use of the building and the dismantling of 

the building. 

- Resources: This is the energy use for the operation phase. In this case the energy needed 

to produce electricity and any type of fuel for heating. 

- Emissions: The emissions from fuel combustion and the emissions from generating 

electricity. Also heat production outside the ski area, for example district heating, is 

considered.  
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Figure 15 System boundaries of the operation phase of buildings 

 

Transportation 

Figure 16 illustrates the system boundaries for the emissions of transportation within the ski 

area, with the following in- and outputs: 

- Gate (in) and gate (out): This is the boundary between operation of the bus/train for 

other purposes and operation within the ski area. 

- Resources: This is the energy use for the operation phase in the ski area. In this case the 

energy needed to produce electricity or any type of fuel.  

- Emissions: The emissions from fuel combustion and the emissions from generating 

electricity (within the ski area, or used from the grid, or both).  

 

 
Figure 16 System boundaries of the operation phase of transportation 
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Appendix E: Data and calculations of the three ski areas 
The following sections describe the data calculations of the subactivities of the three ski areas. 

Because the activity ‘buildings’ is not divided in subactivities, this activity is not mentioned in 

this appendix. 

 

Data Ski area 1 

The given data from the ski area is an average of three winter seasons. 

Snow production 

Snow production information given by the ski area (totals) 

Type Amount Unit 

Guns 117  

Lances 629  

Snow production 1.139.839 m³ 

Electricity use 4.501.840 kWh 
Table 17 Snow production information given by the ski area (totals) 

Distribution of total snow production between production with snow lances and snow guns 

As shown in the assumption overview, snow guns produce 58% of the snow, whereas snow 

lances produce 42% of the snow. Therefore, the snow producing per system is calculated as 

follow: 

Sl = snow production lances 

Sg = snow production guns 

nl = amount of lances 

ng = amount of guns 

Pl = snow production one lance, whereas Pl = 42/58 * Pg, gives Pl = 0,7241 * Pg 

Pg = snow production one gun, whereas Pg = 58/42 * Pl, gives Pg = 1,3810 * Pl 

 

Sl = Pl * nl 

Sg = Pg * ng 

Stot = Sl + Sg 

Stot = Pl * nl + Pg * ng  

Stot = 0,7241*Pg * nl + Pg * ng 

Stot/Pg = 0,7241*nl + ng 

Pg = Stot/ (0,7241*nl + ng) 

Sg = Pg * ng = [Stot/ (0,7241*nl + ng)] *ng . 

This calculation is the same for snow lances:  

Sl = Pl * nl = [Stot/ (nl + 1.3810*ng)] *nl 
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Filling in the formulas gives: 

Sg = [1.139.839/(0,7241*629+117)]*117 = 232.962 m3 

Sl = [1.139.839/(1,3810*117+629)]*629 = 906.880 m3 

The electricity use of the snow production system is calculated in the same way. As shown in 

the assumption overview, snow guns use 69% electricity and snow lances 31%. The energy 

use is calculated as follow: 

El = electricity use lances 

Eg = electricity use guns 

el = electricity use of one lance, whereas el = 69/31 * eg, gives el = 0,4493 * eg 

eg = electricity use of one gun, whereas eg = 31/69 * el, gives eg = 2,2258 * el 

 

Eg = eg * Sg 

El = el * Sl 

Etot = Eg + El 

Etot = (2,2258 * el) * Sg + el * Sl 

Etot/el = 2,2258 * Sg + Sl 

el = Etot / (2,2258 * Sg + Sl) 

El = el * Sl = [Etot / (2,2258 * Sg + Sl)] * Sl 

This calculation is the same for the snow guns: 

Eg = eg * Sg = [Etot / (0,4493 * Sl + Sg) * Sg 

Filling in the formulas gives: 

El = [4.501.840 / (2,2258 * 232.962 + 906.880)] * 906.880 = 2.864.185 kWh 

Eg = [4.501.840 / (0,4493 * 906.880 + 232.962)] * 232.962 = 1.637.601 kWh 

Type Amount Unit 

Snow production guns 232.962 m³ 

Snow production lances 906.880 m³ 

Electricity use guns 1.637.601 kWh 

Electricity use lances 2.864.185 kWh 
Table 18 Snow production per subactivity (calculated) 

There are no temperature independent snow (TIS) production systems used by Ski area 1. 
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Ski lifts 

Ski lift information given by the ski area (totals) 

Type Amount Unit 

Maximum transport capacity 35533 Passenger/h 

Operative hours winter season 1404 h 

Total electricity use 3266848 kWh 
Table 19 Ski lift information given by the ski area (totals) 

Ski lift information calculated per subactivity (ski lift): 

The electricity use per ski lift (in kWh) was calculated by using the lift capacity (p/h) and 

altitude difference (m) from the literature (see Appendix F, assumption table). This gave the 

numbers of person-altitude (pers.m). From there on the electricity use was calculated. 

 

The electricity use of the ski lifts is calculated as follow: 

Elift x = Etot * (PAlift x / PAtot) 

PAlift x = cx * hx * ax 

Where:  

Eliftx = electricity use per ski lift (kWh) 

Etot = total electricity use of all ski lifts together (kWh) 

PAtot = total person-altitude of all ski lifts together (pers.m) 

PAlift x = person-altitude per lift (pers.m) 

cx = lift capacity (pers.) 

hx = working hours per lift (h) 

ax = altitude difference (m) 

 

This gives the following results (moving carpets specific for children are not included): 

Name Ski lift 1 Ski lift 2 Ski lift 3 Ski lift 4 Ski lift 5 

Type Fixed grip g. Fixed grip c. Detachable c. Fixed grip c. Detachable g. 

Capacity (p/h) 2360 1200 2000 1600 3000 

Length (m) 2007 466 1771 447 1843 

Altitude (m) 539 183 450 212 562 

Person-

altitude 

(pers.m) 

1.785.944.16

0 

308.318.400 1.263.600.00

0 

476.236.800 2.367.144.00

0 

Electricity use 

(kWh) 

320.843 55.389 227.005 85.556 425.255 

 

Name Ski lift 6 Ski lift 7 Ski lift 8 Ski lift 9 Ski lift 10 

Type Detachable g. Detachable c. Detachable c. Draglift Fixed grip g. 

Capacity (p/h) 3600 2070 2000 720 3000 

Length (m) 2432 1600 881 437 1665 
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Altitude (m) 456 384 154 80 588 

Person-

altitude 

(pers.m) 

2.304.806.40

0 

1.116.011.52

0 

432.432.000 80.870.400 2.476.656.00

0 

Electricity use 

(kWh) 

414.056 200.490 77.686 8.818 246.936 

 

Name Ski lift 11 Ski lift 12 Ski lift 13 Ski lift 14 Ski lift 15 

Type Detachable c. Detachable c. Fixed grip c. Detachable g. Detachable g. 

Capacity (p/h) 2400 2800 1200 2240 2240 

Length (m) 665 1415 875 3325 2273 

Altitude (m) 123 336 151 434 359 

Person-

altitude 

(pers.m) 

414.460.800 1.320.883.20

0 

254.404.800 1.364.912.64

0 

1.129.040.64

0 

Electricity use 

(kWh) 

74.457 237.295 45.704 245.205 202.831 

 

Name Ski lift 16 Ski lift 17 Ski lift 18 

Type Detachable c. Detachable c. Fixed grip c. 

Capacity (p/h) 1600 3000 1028 

Length (m) 2308 1379 786 

Altitude (m) 385 259 185 

Person-

altitude 

(pers.m) 

864.864.000 1.090.908.00

0 

267.012.720 

Electricity use 

(kWh) 

155.372 195.981 47.969 

Table 20 Data per ski lift of Ski area 1 

Snow groomers 

Data of snow groomers given by the ski area is divided by the number of snow groomers (20 

in Ski area 1). 

Type Amount Unit 

Number of snow groomers 20  

Total treated surface 258.850.800 m² 

Total diesel use 370480 L 
Table 21 Snow groomer information given by the ski area 
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Type Amount Unit 

Average treated surface per snow groomer 12942540 m² 

Average diesel use per snow groomer 18524 L 
Table 22 Data per snow groomer for Ski area 1 

Transportation 

The data in table 23 is based on the timetable (driving hours and bus stops) of the ski busses of 

Ski area 1 (Mobilita Transportation Inverno | Winter 21/22., n.d.). The driving km are based on 

an estimation from Google maps between the first and last stop of the bus line. 

 

Type Bus line 1 Bus line 2 Bus line 3 Bus line 4 Bus line 5 

Driving hours 

(h/d) 

9 8 6 8 6 

Driving km 

(km/d) 

57,2 142,6 162,9 71,4 183,7 

Diesel use (L/km) 0,41 0,41 0,41 0,41 0,41 

Opening days 

(d/winter season) 

156 156 156 156 156 

Diesel use 

(L/winter season) 

3.659 9.121 10.419 4.567 11.749 

Table 23 Data per bus line for Ski area 1 

Others 

Because it is unknown how many snowmobiles are available in the ski area, it is impossible to 

calculate the data specific per snowmobile. Therefore, there is chose to use the total. The data 

between the three ski areas have a great difference and therefore is chosen to use the 

snowmobile data of ski area 3 for the three ski areas. This is the most realistic amount of fuel 

use for snow mobiles in a ski area. 

 

Type Amount Unit 

Snowmobiles gasoline use 7230 L 
Table 24 Total fuel use in activity category 'others' 

Data ski area 2 

The given data from the ski area is an average of three winter seasons. 

Snow production 

Snow production information given by the ski area (totals) 

Type Amount Unit 

Guns 264  

Lances 288  

Snow production 594.363 m³ 

Electricity use 3.186.316 kWh 
Table 25 Snow production information given by the ski area (totals) 
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Distribution of total snow production between production with snow lances and snow guns 

The same formulas and calculations were used as for Ski area 1. 

Type Amount Unit 

Snow production guns 332.060 m³ 

Snow production lances 262.306 m³ 

Electricity use guns 2.351.667 kWh 

Electricity use lances 834.617 kWh 
Table 26 Snow production information calculated 

There are no TIS production systems used by ski area 2. 

Ski lifts 

Ski lift information given by the ski area (totals) 

Type Amount Unit 

Maximum transport capacity 41.323 Passenger/h 

Operative hours winter season 1016 h 

Total electricity use 2.559.016 kWh 
Table 27 Ski lift information given by the ski area (totals) 

Ski lift information calculated per subactivity (ski lift) 

The same formulas and calculations were used as for Ski area 1. 

Name Ski lift 1 Ski lift 2 Ski lift 3 Ski lift 4 Ski lift 5 

Type Detachable g. Detachable g. Draglift Draglift Fixed-grip c. 

Capacity (p/h) 2000 2200 720 720 1200 

Length (m) 1556 1608 310 310 357 

Altitude (m) 494 554 50 50 27 

Person-

altitude 

(pers.m) 

1.003.808.00

0 

1.238.300.80

0 

36.576.000 36.576.000 32.918.400 

Electricity use 

(kWh) 

193.670 238.912 7.057 7.057 6.351 

 

Name Ski lift 6 Ski lift 7 Ski lift 8 Ski lift 9 Ski lift 10 

Type Detachable c. Fixed-grip c. Detachable c. Detachable g. Detachable g. 

Capacity (p/h) 2400 1200 2800 2400 2400 

Length (m) 1161 767 543 1853 2557 

Altitude (m) 244 235 130 562 667 

Person-

altitude 

(pers.m) 

594.969.600 286.512.000 369.824.000 1.370.380.80

0 

1.626.412.80

0 
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Electricity use 

(kWh) 

114.791 55.278 71.352 264.395 313.793 

 

Name Ski lift 11 Ski lift 12 Ski lift 13 Ski lift 14 Ski lift 15 

Type Fixed-grip c. Detachable c. Detachable c. Detachable g. Fixed-grip c. 

Capacity (p/h) 1800 2400 2190 2400 1200 

Length (m) 908 843 1473 1231 685 

Altitude (m) 197 201 318 388 141 

Person-

altitude 

(pers.m) 

360.273.600 490.118.400 707.562.720 946.099.200 171.907.200 

Electricity use 

(kWh) 

69.510 94.561 136.514 182.536 33.167 

 

Name Ski lift 16 Ski lift 17 Ski lift 18 Ski lift 19 Ski lift 20 

Type Detachable c. Detachable g. Detachable g. Fixed-grip c. Draglift 

Capacity (p/h) 2200 2400 1500 1800 720 

Length (m) 472 1937 269 1333 332 

Altitude (m) 85 438 82 445 60 

Person-

altitude 

(pers.m) 

189.992.000 1.068.019.20

0 

124.968.000 813.816.000 43.891.200 

Electricity use 

(kWh) 

36.656 206.059 24.111 157.014 8.468 

 

Name Ski lift 21 Ski lift 21 Ski lift 22 

Type Detachable c. Fixed-grip c. Draglift 

Capacity (p/h) 1800 2400 720 

Length (m) 1333 1236 382 

Altitude (m) 445 359 84 

Person-

altitude 

(pers.m) 

813.816.000 875.385.600 61.447.680 

Electricity use 

(kWh) 

157.014 168.893 11.855 

Table 28 Data per ski lift of ski area 2 
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Snow groomers 

Data of snow groomers given by the ski area is divided by the number of snow groomers (13 

in ski area 2). 

Type Amount Unit 

Number of snow groomers 13  

Total treated surface 129.697.861 m² 

Total diesel use 300.750 L 
Table 29 Snow groomer information given by the ski area 

Type Amount Unit 

Treated surface per snow 

groomer 

9.976.759 m² 

Diesel use per snow groomer 23.135 L 
Table 30 Data per snow groomer for ski area 2 

Transportation 

The data in table 31 is based on the timetable (driving hours and bus stops) of the ski busses 

of Ski area 1 (Mobilita Transportation Inverno | Winter 21/22., n.d.). The driving km are 

based on an estimation from Google maps between the first and last stop of the bus line. 

 

Type Bus line 3 

Driving hours 

(h/d) 

9 

Driving km 

(km/d) 

57,2 

Diesel use (L/km) 0,41 

Opening days (d) 127 

Diesel use (L) 2.978 
Table 31 Data per bus line for ski area 2 

Others 

Because it is unknown how many snowmobiles are available in the ski area, it is impossible to 

calculate the data specific per snowmobile. Therefore, there is chose to use the total. The data 

between the three ski areas have a great difference and therefore is chosen to use the 

snowmobile data of ski area 3 for the three ski areas. This is the most realistic amount of fuel 

use for snow mobiles in a ski area. 

 

Type Amount Unit 

Snowmobiles gasoline use 7230 L 
Table 32 Total fuel use in the activity category 'others' 
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Data ski area 3 

The given data by the ski area is an average of three winter seasons. 

Snow production 

Snow production information given by the ski area (totals) 

Type Amount Unit 

Guns 81  

Lances 207  

Snow production 360.867 m³ 

Electricity use 2.022.197 kWh 
Table 33 Snow production information given by the ski area 

Distribution of total snow production between production with snow lances and snow guns 

The same formulas and calculations were used as for Ski area 1. 

Type Amount Unit 

Snow production guns 126.599 m³ 

Snow production lances 234.270 m³ 

Electricity use guns 1.104.166 kWh 

Electricity use lances 918.005 kWh 
Table 34 Snow production information calculated 

There are no TIS systems used by ski area 3. 

Ski lifts 

Ski lift information given by the ski area (totals) 

Type Amount Unit 

Maximum transport capacity 23438 Passenger/h 

Operative hours winter season 1065 h 

Total electricity use 2.635.506 kWh 
Table 35 Ski lift information given by the ski area (totals) 

Ski lift information calculated per subactivity 

The same formulas and calculations were used as for ski area 1. Moving carpets for children 

are not included, whereas the ones for adults are included. 

Name Ski lift 1 Ski lift 2 Ski lift 3 Ski lift 4 Ski lift 5 

Type Detachable g. Detachable g. Detachable g. Detachable c. Fixed-grip c. 

Capacity (p/h) 1800 1800 1800 2200 2400 

Length (m) 1223 2353 1151 1370 360 

Altitude (m) 524 372 241 299 75 

Person-

altitude 

(pers.m) 

1.004.508.00

0 

713.124.000 461.997.000 700.557.000 191.700.000 
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Electricity use 

(kWh) 

266.060 188.882 122.367 185.554 50.775 

 

Name Ski lift 6 Ski lift 7 Ski lift 8 Ski lift 9 Ski lift 10 

Type Fixed-grip c. Fixed grip c. Detachable c. Detachable c. Detachable c. 

Capacity (p/h) 2000 2000 2000 1800 1800 

Length (m) 385 1041 1312 1718 913 

Altitude (m) 74 316 317 600 277 

Person-

altitude 

(pers.m) 

157.620.000 673.080.000 650.484.000 1.108.080.00

0 

531.009.000 

Electricity use 

(kWh) 

41.748 178.276 172.291 293.493 140.646 

 

Name Ski lift 11 Ski lift 12 Ski lift 13 Ski lift 14  

Type Detachable g. Detachable g. Moving 

Carpet 

Draglift  

Capacity (p/h) 2000 2400 720 720  

Length (m) 2453 1755 123 332  

Altitude (m) 877 717 15 60  

Person-

altitude 

(pers.m) 

1.868.010.00

0 

1.832.652.00

0 

11.502.000 46.008.000  

Electricity use 

(kWh) 

494.773 485.408 3.046 12.186  

Table 36 Data per ski lift of ski area 3 

Snow groomers 

Data of snow groomers given by the ski area is divided by the number of snow groomers (9 in 

ski area 3). 

Type Amount Unit 

Number of snow groomers 9  

Total treated surface 74.151.777 m² 

Total diesel use 143.758 L 
Table 37 Snow groomer information given by the ski area 

 

Type Amount Unit 

Average treated surface per snow groomer 8.239.086 m² 

Average diesel use per snow groomer 15.973 L 
Table 38 Data per snow groomer for ski area 3 



 

 

 

 

 

 

Ianthe Simonse – Open Universiteit   105 

Transportation 

The data in table 39 is based on the timetable (driving hours and bus stops) of the ski busses 

of Ski area 1 (Mobilita Transportation Inverno | Winter 21/22., n.d.). The driving km are 

based on an estimation from Google maps between the first and last stop of the bus line. 

 

Type Bus line 5 Bus line 6 Bus line 7 

Driving hours 

(h/d) 

6 10 7 

Driving km 

(km/d) 

183,7 108 143,2 

Diesel use (L/km) 0,41 0,41 0,41 

Opening days (d) 118 118 118 

Diesel use (L) 8.887 5.225 6.928 
Table 39 Data per bus line for ski area 3 

Others 

Because it is unknown how many snowmobiles are available in the ski area, it is impossible to 

calculate the data specific per snowmobile. Therefore, there is chose to use the total. 

Type Amount Unit 

Snowmobiles gasoline use 7.230 L 
Table 40 Total fuel use in the activity category ‘others’ 
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Appendix F: The assumption table 
The assumption table is presented in Excel. 
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Appendix G: Results of the three ski areas 
The results are presented in Excel as followed: 

- Energy labelling toolkit ski area 1 

- Energy labelling toolkit ski area 2 

- Energy labelling toolkit ski area 3 
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Appendix H: Scenario analyses results 
The scenario analyses are presented in Excel as followed: 

- Scenario 1 Energy labelling toolkit ski area 1 

- Scenario 2 Energy labelling toolkit ski area 1 

- Scenario 3 Energy labelling toolkit ski area 1 

- Scenario 4 Energy labelling toolkit ski area 1 

- Scenario 5 Energy labelling toolkit ski area 1 

- Scenario 6 Energy labelling toolkit ski area 1 

- Scenario 7 Energy labelling toolkit ski area 1 

- Scenario 8 Energy labelling toolkit ski area 1 

- Scenario 10 Energy labelling toolkit ski area 1 

- Scenario 11 Energy labelling toolkit ski area 1 

- Scenario 12 Energy labelling toolkit ski area 1 

Scenario 9 is not presented since this data is exactly the same as the standard energy labelling 

toolkit of ski area 1. 
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Appendix I: Sensitivity analyses results 
The sensitivity analyses are presented in Excel as followed: 

- Sensitivity 1 Energy labelling toolkit ski area 1 

- Sensitivity 2 Energy labelling toolkit ski area 1 

- Sensitivity 3 Energy labelling toolkit ski area 1 

- Sensitivity 4a Scenario 3 Energy labelling toolkit ski area 1 

- Sensitivity 4b Scenario 3 Energy labelling toolkit ski area 1 

- Sensitivity 5 Energy labelling toolkit ski area 1 


