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1 Executive Summary 
 

 

In this implementation model , an integrated energy monitoring system (IEMS) suitable for a 

generic ski resort is described. A ski resort is characterized by considerable energy 

consumption and a multitude of electrical and thermal energy flows. Through an adequate 

IEMS it is possible to avoid energy waste by ensuring maximum operating efficiency. As result, 

costs are reduced due to lower energy and fuel consumption and emissions in terms of CO2 

are reduced. An IEMS is necessary to upgrade a more efficient and more sustainable ski resort. 

At first, the main components of a ski resort are identified. These mainly involve ski lifts, 

artificial snow production systems, snow groomers activities and indoor space heating of a 

generic ski resort. Their operating conditions and know-how are described, including a brief 

physical thermodynamic treatment of the different phenomena. Subsequently, the sensors 

and communication systems required for an adequate IEMS are described. Moreover, an 

Application/technology matrix and monitoring systems is presented. This includes the units of 

the different types and technologies described in the report with the respective suitable 

sensors. By filling in this matrix it would be possible to define a status of the IEMS installed in 

the different living labs considered for the "Smart Altitude" project. Finally, the example of 

the IEMS implemented in the living lab in Madonna di Campiglio is described.  
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1. Introduction 
 

Following more than 100 years of development skiing developed into a popular tourist activity 

that satisfied social and cultural needs and combined sport, recreation, and athletic 

endeavours. Ski tourism has become a major industry in many countries endowed with rich 

snow resources, and the scale of the skiing industry has increased rapidly. With its strong 

reliance on specific climatic conditions, the ski indus try is regarded as the tourism market most 

directly and immediately affected by climate change.  Alpine regions have been identified as 

particularly vulnerable to climate change impacts [1] [2]. It’ estimated that the number of 

snow-reliable ski resorts in the Alps could be reduced from 85 % to between 44-63 % [3][4]. 

More recent studies, however, reported that vulnerability to climate change of the ski industry 

can be reduced by snow-making technology [5]. 

 

 
Figure 1: Italian Alps 

Several technological strategies have been adopted to try to avoid global warming problems 

using snowmaking systems such as ski guns. Ski resorts use a significant amount of energy, 
and purchasing this energy is a considerable expense for the companies in the sector. It is 

estimated that the energy-saving potential at the largest ski resorts could be hundreds of 
megawatt-hours, corresponding to tens of thousands of euros each year. 

The energy demand of a ski resort includes the energy consumption of snowmaking and 
maintenance of the slopes, ski lifts and lighting, as well as the maintenance and service 
buildings in slope operations. In fact, as far as the environmental implications of snowmaking 
are concerned, it is possible to identify two main aspects: water consumption and energy 
consumption. The Commission Internationale pour la Protection des Alpes (CIPRA) needs 
between 600000 and 1.5 million litres of water and between 5000 and 27,000 kWh of 
electricity [6]. The costs of snowmaking are important, especially for the small and medium-
size installations, and can be divided into three different factors: investment, operational, and 
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maintenance costs. In Europe, you can look forward to 37,748 km of slopes: the ski resorts are 
served by 15,800 ski lifts. In the Alps there are 1132 ski resort with slopes of 26.693 km. The 
ski resorts are served by 8088 ski lift. An energy management system is therefore necessary 
in order to monitor and optimize energy consumption. 
 
 

2 Energy Management System 
 

Energy management embodies engineering, design, applications, utilization, and to some 
extent the operation and maintenance of electric power systems to provide the optimal use 
of electrical energy [7].  The most important step in the energy management process is the 

identification and the analysis of energy conservation opportunities In this way it’s possible to 
make a technical and management function in order to monitor, record, analyse, critically 

examine, alter and control energy flows through systems so that energy is utilized with 
maximum efficiency [8]. Another important step in an EMS upgrade or replacement project is 

to examine and define the requirements for energy management and controls. Energy 
management systems (EMS) are one of the emerging technologies that enable an organization 

to collect real-time information on the energy use through monitoring, assessing, and 
visualizing energy consumption. 

The ISO 50001 standard was published in June 2011 and defines an EMS as “a set of 
interrelated or interacting elements to establish an energy policy and energy objectives, and 

processes and procedures to achieve those objectives [9]. Furthermore, ISO 50001 provides a 
road map and path for continually improving energy performance. The purpose of this 

international standard is to allow organizations to determine the systems and processes 
required to improve energy performance, including efficiency, use and consumption of 
energy. The implementation of this international standard is designed to reduce the number 
of emissions of greenhouse gases and other related environmental aspects and energy costs 
through systematic energy management. Any EMS to work properly needs an EMIS (Energy 
Management information System). An IEMS (Integrated Energy Management system) based 
on specialized software application solution that enables regular energy data gathering and 
analysis, used as a tool for continuous energy management. The main advantage of an EMIS 
application is the possibility of data collection, processing, maintenance, analysis and display 
on a continuous basis. Moreover, with an EMIS it is possible to monitor the time series of the 
data (hourly, monthly or yearly) and it is possible to evaluate the points of the system where 

there is a lower efficiency. A modern EMIS is integrated into an organization’s systems for 
online process monitoring and control. An EMIS provides sensitive information to manage 

energy use in all aspects and is therefore an important element of an EMS. The nature of the 
EMIS will depend on different aspects of the case study such as:  inputs, process, products, 

cost incurred, instrumentation, control systems, historical data, reporting system etc.  
For Sky Resort an adequate EMS must include a recording of technical-environmental 

parameters (temperature, solar radiation, air pressure and humidity, wind speed and 
direction, polluting etc.) with the identification of a series of KPIs (Key Performance Indicators) 
and optimization of operating performance a detailed analysis and monitoring of energy 
consumption of different devices such as: 
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 Fan guns and lances for snowmaking system; 

 Ski lifts; 

 Snow groomers; 

 Mountain huts, shelter and chalet; 

In Figure 2 is possible to see the data transmission structure of different energy consumptions 

of the devices aforementioned and the recording of techno-environmental parameters. 

 
 

Figure 2: A generic structure for an IEMS of a ski resort 

 

3 Snow Making System 
Reliable snow conditions represent a crucial economic prerequisite for the skiing industry. 
Artificial snow production is the key adaption strategy to rising temperature due to global 
warming, increasing requirement of winter tourists and enhanced economic competition.  
In 1903 Oscar Reynold (USA) built a first prototype to produce small balls of ice. Subsequently, 
in 1950, the first real machine for the production of artificial snow was created by Art Hunt, 
Dave Richey and Wayne Pierce. The patent was called "TEY". In 1958 Alden Hanson patented 
the first fan gun. The first artificial snow production system in Europe was is the 1960s. In 
1967-68 the first European patent called "Lindle" was filed by the still existing company Sufag. 
In the 80's there was a technological development with the creation of fully automatic 
systems. The famous companies Demac-Lenko in Switzerland, Areco in Sweden, Ampitech 
White and Techno Alpin in Trentino Alto Adige, Wintertechnik in Austria and Snowstar in 
France were born. Over the years, the production technique has been improved and refined. 
Today, there are about 15 manufacturing companies in the world market [10]. The 
development of programmed/artificial snowmaking aims to produce snow with 
characteristics as close as possible to those of natural snow. 
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3.1 Natural Snow 
In nature, snow crystals are formed by the presence of special climatic conditions. The crystal 
forms in atmosphere where there is a high concentration of water vapor (water molecules in 
suspension in the air). If the air temperature drops these molecules start to condense to form 
small drops of water; this process takes place usually around particles called condensation 
nucleuses (salts, pollens or suspended micro-dusts) with an average diameter of about 1 µm. 
When the air temperature drops under the temperature of 0 ° C is very is probable the 
formation of tiny ice crystals. The water vapor inside the cloud, remains in the state of 

overcooling (process of cooling of a liquid below the level of the its solidification temperature). 
When the air temperature decreases, the number of freezing nucleus increases and thus the 
number of ice crystals increases. It should be underlined that the freezing nucleus are not 
necessary condensation nucleus (responsible for the of the formation of raindrops). Most of 
the freezing nucleuses are suspended particles of clay, typically kaolinite [11]. Because the 
vapor pressure of the water is higher than that of the ice, at the same temperature, there is a 
migration of the water molecules, from the overcooled drops to the ice crystals, thus the 
crystal increases by the sublimation. Another cause of crystal growth is the collision, during 
the fall to the ground, with drops of water. This involves an immediate solidification of the 
water on the surface of the crystal. This process is called a hoar frost. When a crystal is frosted 
it usually falls more quickly because it is heavier, despite the resistance of falling air. [12] 
Therefore, in the growth phase, for the two reasons mentioned above, there is an increase in 
the mass of the individual ice crystals so that they are more subjected to the force of gravity 
and begin their fall. During the fall the crystal is affected by stresses due to different variables 
that contribute to give the final shape of the snowflake. The main variables are: 

 Air temperature; 

 Air humidity; 
 The speed of the fall (depending on the temperature and the mass of the crystal); 

 Ascending currents. 

The increase in mass and so the size of the crystal is proportional to the air temperature. In 
the air is warm the crystals have larger size because the probability that there is a higher 
concentration of humidity and so a further increase of the crystal during the descent, rather 
than only that happens in high altitude in the atmosphere [13].  In Figure 3 are presented 
possible configurations of the snowflakes in dependence of air temperature and 
supersaturation (grams of water per cubic meter [14].  Furthermore, when the snow crystal 
falls to the ground, a series of metamorphism processes modify its initial shape and physical 
characteristics. These transformations depend essentially on the temperature of the snow 
covering and on the content of water in the snow. The density of the snowpack can therefore 

vary from a minimum of 50 𝑘𝑔/𝑚2  to a maximum of 300 𝑘𝑔/𝑚2  [14][15]. 
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Figure 3: Possible configurations and shapes of the snowflakes [14] Figure 3 

 

 

3.2 Artificial snow 
Artificial snow is formed mainly from water in liquid form and is generally characterized by 

rounded crystals. It has a typical density between 360 and 450 𝑘𝑔/𝑚2 , in most cases, with 
values therefore higher than the average density of freshly fallen snow. The production of 

artificial snow depends on factors such as temperature and humidity (which affect the yield) 
and on the speed and direction of the wind, which has a transport capacity proportional to 

the cube of the speed. Artificial snow, unlike natural snow, is not subject to any particular 
process of metamorphosis, except for the formation of bonds between the crystals, due to 

the freezing of the liquid water present in the interstices. Artificial snowmaking systems must 
ensure that the water is sprayed into droplets of an appropriate size and expelled in such a 
way that the droplets are completely frozen when they touch the ground. 
On each snow-maker there are nucleators and nozzles, the first are bi-phasic atomizers that 
mix air and water in order to create an ice particle (nucleation germ) while the second provide 
droplets (Figure 4).  
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Figure 4 Nozzles and nucleators typologies 

When these droplets reach a state of undercooling, they are hit by the ice particles produced 

by the nucleators.  When this impact occurs, there is a first stage in which only a small fraction 
of the total mass of the drop freezes rapidly (dendrites form) and a second stage in which a 

freezing of the surface of the drop occurs. The thickness of this ice surface increases with the 
progressive freezing of the drop inwards. In the first stage a small part of the released 

solidification enthalpy is transmitted to the ambient air, while the most significant proportion 
is absorbed by the liquid part of the drop. The nozzle atomises the liquid mass to form a spray 

consisting of several spherical droplets that are cooled before impact with the ice particles 

(subcooling). This requires an appropriate time interval to ensure this necessary operating 
condition[17]. 

The main factors involved in this phase are: 
 Output speed of the water flows; 

 Radius of the particle.  

When the speed is high, the time interval decreases, while when a drop has a larger radius, it 
is less affected by the resistance of the limb, and therefore in time it moves more, cooling less.  

A smaller size drop therefore requires less time to freeze completely. 
Therefore, in order to achieve optimal cooling conditions, it is necessary to produce sma ll 

droplets with low output speeds. It is observed that if you move away the point of contact 
between ice particle and water droplet, the last one then does not have time to freeze 

completely. A technique used is to optimize the nucleation (one of the mechanisms of 
crystallization) by properly orienting the nozzles and nucleators, so that the point of contact 

is neither too close (water not cooled sufficiently), nor too far (insufficient time to completely) 
freeze. Seeding means that nucleation sites are generated. Nucleation sites can be water 

molecules that coalesce alone, ions of for example Ca2
+ , Mg2

+  or impurities like clay particles 
or organic matter [18]. If the temperature is not low enough (<5°C) seeded materials are 

added to the water. Seeding can also be done by a stream of compressed moist air directed 
against the water jet. It will cause the moisture content in the expanded air to freeze into tiny 

ice particles which act as seeds. In this case the water has to be super cooled at the point of 
seeding. Super cooling condition occurs when the temperature of a liquid or a gas is lowered 
below its freezing point without becoming solid. In this condition the seeds melt as they come 
in contact with the water droplets. When a water droplets super cools its temperature drops  
below 0°C before solidification takes place, the vapor pressure lowers and the heat transfer 
rate decreases. The droplet may then only partially freeze before it hits the ground and will 
then freeze to ice on the ground by conductive heat transfer. Furthermore, the size of the 
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water droplets is of crucial. Too small droplets may be transferred away by the wind and too 
big droplets may not freeze before they hit the ground. The optimal droplet size is between 
200 and 700 μm [19]. Such droplets will freeze in less than 15 s. The main processes that 
govern the production of snow are therefore related to the vector air and water and are 
expressed in Table 1: 
 

Table 1 Main processes of snowmaking 

Water Supply Qualitat ive (cleanness) and quantitative (𝑚3) 

requirements 

Cooling Use of cooling towers (temperature of about 2°C) 

Bullage 

Pumping Pumping of cooled water along the snow-making 
lines (high and low pressure) 

Air Pressing External air intake and compression by means of 

large compressors located in an engine room 

Cooling The compressed air heats up, so it  needs to be 

cooled down with special heat sinks 

Inject ion air distribut ion in special pipes that supply the snow-

makers 

 

In order to obtain the cold water that is necessary to produce artificial snow there are mainly 
two options used: cooling tower and the “bullage” systems. Both solutions require electricity 
to cool the water. The mechanism of the cooling tower is shown in Figure 5. 

 
Figure 5:Cooling tower mechanism 
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In addition, the bullage system injects compressed air from the bottom of the hydrological 
basin, allowing the oxygenation of the water and breaking up possible superficial ice layer 
keeping the water free. This allows to avoid eutrophication phenomena. It is also advisable to 
regulate the output compressed air temperature of the bullage. This is injected at a warm 
temperature to cause thermal inversion of the water stratification and consequently a n 
internal stirring while injecting cold air at the beginning of the winter season to lower the 
water temperatures. The sensors that are often used for this system concern on the one hand, 
the wind direction which is one of the agents that influences the stratification of the basin 
and, on the other hand, different temperature sensors for pressurized air and. It is appropriate 
to maintain an operating water temperature above 0°C in winter to avoid localized freezing 
phenomena and consequent damage to the piping and pumping system. 
The role of pressure is fundamental in the creation of drops. At high pressure (40 bar), smaller 
droplets are created which can freeze at lower altitudes (altitudes) than droplets created at 
low pressure (12 bar)[20]. It is possible to identify mainly two different types of snowmaking 
machines: 

 High Pressure models; 

 Low Pressure models. 

3.2.1 High Pressure snowmaking systems 
High pressure snow-makers consist of a variable length rod (3-10 m) on which a special 

cylindrical head is placed, composed of a variable series of nozzles and nucleators in which air 
and water are mixed (Figure 6). Furthermore, the modern lances are equipped with an engine 

that can regulate the operation of the nozzles (opening and closing) according to the climatic 
conditions and situations. Relevant pressures are reached in the mixing chamber, while the 

trajectories of flight vary from 10 to 40 m depending on the length of the rod [21].  

                 
Figure 6 Snowmaking lances (a)  and nozzle typology (b) (Technoalpin TL6 [21]) 

They have an adjustable height(H) considering the flexibility to rotate as shown in Figure 7. 

a b 
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Figure 7 Snow lances rotation 

This type is versatile and easy to use because it uses external components such as compressors 

and fans. External compressors use pipes parallel to those used for water and have a high 
consumption of electricity for the production of compressed air. The average power required 

is about 200-400 kW for 25-45 rods. After mixing water and highly compressed air, there is a 
phase of adiabatic expansion of the air at atmospheric pressure that results in a sensible 
cooling that allows the production of snow at a temperature of about 0 ° C. 
 

3.2.2  Low Pressure snowmaking systems 
 

Low-pressure snowmaking systems, called Fan Guns, typically consist of a cylindrical body of 
varying lengths (1-1.5 m). They are characterized by the presence of an internal fan and on 

the opposite end by a series of nozzles and nucleators usually arranged on external coaxial 
crowns. They differ in single and multi-ring fan systems. The first have got only an array of 
spray nozzles of varying sizes around the discharge end of a ducted fan with a nucleator. The 
nucleator is a small air water gun mounted at the bottom of the discharge end of the ducted 
fan. The second type utilizes several rings of nozzles. Many nozzles with fines water spray can 

produce higher quality snow. 

 
Figure 8: Figure 5 Fan Guns with quadrijet nozzles (Technoalpin  [22]) 
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It acts as a snow particle propeller, guaranteeing trajectories of about 50 m, sufficient time to 
completely freeze. The Technoalpin Fan Guns use 24 quadrijet nozzles (with 4 jets) and 8 
nucleators. These nozzles have a high resistance because they contain ceramic inserts .  The 
four-jet technology is used to optimize and equalize the spray action and therefore to 
guarantee top snow quality. Modern snow fan guns are equipped with special valves that 
prevent the return of water droplets or ice particles  and can control the activation and the 
deactivation of the nozzles.  Parameters to take into consideration are the energy 
consumption and the heat produced by the turbine and the compressor. This heat must be 
removed to avoid negative influences on snow quality. A turbine with internal motor running 
at about 1.460 rpm makes the machine insensitive to vibrations and significantly reduces the 
sound emissions, another environmental parameter that should be considered. About this, 
some types also have the ability to modulate the engine speed (rpm) in order to reduce the 
intensity of noise (dB). The diameter of turbine is about 90 cm. The energy consumption is 
about 18.5 kW for the fan output and 4 kW for the compressor. The big advantage of the low 
pressure is the considerable versatility; in fact, the unit is autonomous as regards production  
of compressed air and therefore only requires an electrical connection and hydraulic system 
for water supply. In addition, there is also the possibility of mounting them on snow groomers 
or to particular structure, a lift,  in order to modify the radius and the trajectory as shown in  

Figure 9. 

 
Figure 9: Adjustable mechanical platform for a snow gun (Technoalpin  [22]) 

When installed on a lift, the snow gun is applied to a steel column with a height of 3.5 m or 
4.5 m with an adjustable mechanical platform. The platform has a positioning device to 
facilitate the installation. The snow gun can be operated comfortably from the ground using 

a Bluetooth remote control or with a manual control with a keyboard or touch display 
(optional). The typical areas of application are wide and shallow snowy slopes on which wind 
conditions make it necessary to install inside the slope. In order to obtain the optimum 

performance up-to-date weather information are necessary so that the snow gun parameters  
can be adjusted. Advanced snow gun in fact has got a little meteo-station with sensors for air 

temperature and relative humidity, wind direction and speed and snow depth. In general, 1m3 
of artificial snow (including amortization, energy, and personnel costs) has a cost between 

EUR 3 and 5 and in Switzerland, for instance, for each km of ski run, an investment of about 



 
 
 

https://www.alpine-space.eu/projects/smart-
altitude/en/home  P a g e | 14  

EUR 650,000 is considered normal [23].  Steiger and Mayer [24] report how in the winter 
season of 2006–2007, the Tyrolean ski industry invested EUR 55 million in snowmaking. [25]. 
 

3.3 Energy Volume Ratio (EVR) 
The ECR is a measure of how much energy is needed to produce a cubic meter of snow with a 
certain system. It has been proved through several studies in many different locations and 

snowmaking systems, that the snow production potential is conditioned by the wet-bulb 
temperature (𝑇𝑤). From measurements in various different snowmakers, a model to estimate 

the snow production as a function of  𝑇𝑤 has been developed in the following empirical 
equations [26]: 

𝑃𝑃𝑓𝑎𝑛 = −4.83 𝑇𝑤 + 3.94 

𝑃𝑃𝑙𝑎𝑛𝑐𝑒𝑠 = −3.94 𝑇𝑤  −  4.24 
In which, 𝑃𝑃𝑓𝑎𝑛,𝑃𝑃𝑙𝑎𝑛𝑐𝑒𝑠 are the potential of snow production for fan gun and for the lances 

respectively. The model is valid for a temperature of 2°C and a pressure of 25 bar and the 
equations are valid for a range of 𝑇𝑤 (-13 ÷ -2 °C). The maximum value of PP (limited by the 
water flow) is 72 𝑚3 /ℎ  for 𝑃𝑃𝑓𝑎𝑛 and 51 𝑚3 /ℎ for 𝑃𝑃𝑙𝑎𝑛𝑐𝑒𝑠. 

 
The average values of power needs for the two technologies generally is expressed in Table 2: 

Table 2: Power needs for fan guns and lances 

 Fan guns Lances 
𝑃𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 (𝑘𝑊) 3 4 

𝑃ℎ𝑒𝑎𝑡𝑖𝑛𝑔(𝑘𝑊) 2 1 

𝑃𝑓𝑎𝑛(𝑘𝑊) 18  

 
It’s necessary to consider the power delivered by the pumps (𝑃𝑝𝑢𝑚𝑝 ) too in the total energy 

balance for the fan guns and the lances both. It’s possible to express the power supply to the 

water pump as follow: 

𝑃𝑝𝑢𝑚𝑝 =
𝑉 ̇ Δ𝑃

𝜂
 

The volumetric flow rate (�̇�) varies essentially with the production rate of the snow. 
Considering a ratio of 2.5 from water to snow volume. The efficiency takes into consideration 

all kind of losses, including the increase of temperature due to the pumping process, and it 
has a value of 65 % [27] 

 

3.4 Snowmaking system plant  
Referring to an artificial snowmaking system means considering a series of multiple 

interconnected sections. Each of these sections has a fundamental role for a correct 
functioning of the whole. The main parts can be defined as follows: 

 water storage (tanks, artificial or natural lakes)  
 water pumping station; 

 water distribution network; 
 electricity distribution network; 
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 control system; 

 snowmaking machines (fixed or mobile); 

 compressed air production stations and their distribution network (only for high 
pressure snowmaking machines); 

 cooling systems; 

 thermo-hygrometric sensors. 

Each of these components can be located at different points in the snowmaking system. 

Medium and low voltage lines, water lines and compressed air lines must be properly planned 
and designed. In order to monitor and verify the correct functioning of all components, a single 

EMS system is useful which interconnects the EMS systems of the individual components and 
stations. In fact, even the guns are equipped with automatisms (thermo-hygrometric sensor). 

to enable the starting, shutting down and adjustment of the snow quality (bas ed on 
temperature and humidity), without any physical intervention. This adjustment can also be 

made by acting manually by the operator or by the than from a remote terminal. In order to 
quickly snow the wide surface of the slopes, it is necessary to have a large number of machines 

for the production of snow. In fact, there are several of fan guns and lances with different 
characteristics depending on the positioning. Usually the lances are placed where the wind 

speed is lower, so that all the snow produced remains on the track. there are also turrets that 
are placed in the steepest sections of the track, where it is not possible to place mobile 

machines. Snowmakers on mobile arms instead are located in places where the track is very 
wide and to have snow cover better, they shoot in the middle of the runway instead of on the 
side. Water reservoirs can be located near the elevation of snow making systems so that the 
vertical distance that water needs to be transported to the system is minimized. Although 
water must initially be pumped from the water source to the reservoir, this pumping process 

can occur during the utility’s non-peak hours when the energy charges (non-coincidental peak 
electric demand cost) are lower. Snow production can then occur at the discretion of the 

snowmaker with minimal utility peak hour charges (coincidental peak electric demand cost). 
Reservoirs located above the elevation of snow making systems can gravity-feed water and 

eliminate the energy consumption associated with pumping water from the reservoirs to the 
system. As far as the quality and optimisation of the water to be sent along the lines is 

concerned, in the water reservoirs, a remixing system called "bullage" is set up at the bottom 
of the reservoir itself, consisting of polyethylene pipe coils equipped with orifices useful and 

necessary for the blowing of compressed air [28]. This system allows to lower the temperature 
of the water (up to a temperature of about 1°C), avoiding superficial ice formations, allowing 

a continuous oxygenation of the tank and avoiding eutrophication of the water itself. 

Furthermore, the bullage system allows to manage resources with better flexibility and 
economy, in particular with regard to the cooling towers that with this solution will no longer 
be used. This remixing system allows the cooling of the water with lower energy consumption 
compared to the use of the cooling towers (which involve expensive energy expenditure to 
lower the water temperature). In addition, this system does not allow the formation of surface 
ice in the basin and allows, consequently, the protection of the waterproofing system and 
maximum use in terms of capacity and capacity of the reservoir [28]. 
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4 Ski Lift 
 

Ski lifts are devices serving for transportation of skiers up a hill. The lengths and structures for 
the ski lift are variable.  Each lift has maximum capacity of persons carried per a unit of time, 

overcomes various elevations at various lengths and at various velocities. 
Lift velocity is determined by engine power (torque), transmission type and track surface. A 

typical ski lift mechanism consists of: 
 propulsion station; 

 track supports; 

 rope; 
 towing equipment; 

 

       
 

      
 

Figure 10: propulsion station (a) ,wire-rope clips (b),  towing unit (c) and track supports (d) [29][30] 
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c
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The basic technical parameter to consider for a ski lift are expressed in Table 3. 
 

Table 3: technical parameter of a ski lift 

Slope track length m 

Track elevation  m 
Gradient % 

Transport velocity m/s 

Ride duration s 
Transport capacity Persons/hour 

Number of hinges units 
Hinges capacity Person/hinges 

Electromotor power kW 

Tension weight kg 

Tension force kN 
Total length of transport rope m 

 
Furthermore, it should also be considered that the operation of a ski lift system is the sum of 
a series of physical and mechanical mechanisms. A generic kinematic diagram can be 
summarized as follows in Figure 11. 

 
Figure 11: Kinematic diagram of a ski lift drive 

In which 𝐌 is the engine, 𝐇𝐢 are the shafts, 𝐒 is the transmission, 𝐁 is the brake,𝐙𝐢  are the 
cogwheels, 𝐋 is the rope reel, 𝐙  is the flywheel and 𝐰𝐢  are the angular velocities.  
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Each component is characterized by a specific mass and dimension (𝑚), a moment of inertia 
(𝑘𝑔/𝑚2 ) and thus a specific kinetic energy (𝐽). 
The total kinetic energy of the system is the sum of each component ones. Moreover, the total 
kinetic energy is the sum of the members performing rotary motion (depending on angular 
velocity) and sliding motion (depending on linear velocity). A drive is defined as the complex 
of systems capable of producing the motion of a mechanical load while keeping the 
mechanical quantities of interest controlled. Each drive includes a power organ called 
actuator, which can be hydraulic, pneumatic or electric. The electric motor is the component 
that transforms the electrical energy supplied by a static converter into mechanical energy 
necessary for the motion of the mechanical parts. In ski resort the types of electrical motors  
that are used for ski lift or for air compressors are expressed in Table 4. 
 

Table 4: Electrical motors typologies used in Ski resort 

Electrical motors 
DC engines 

AC engines 

synchronous 

with permanent 
magnet 

REL 

IPM 
without permanent 

magnet 

PM 

PMSM 

asynchronous 

 

 
During the years there have been several technological improvements, and have been created 

several types of ski lift, each with different characteristics and sizes. 
The most important lift types, ski lift types and types of lifts in ski resorts are the follow: 
 

 8-person chairlifts; 

This extremely comfortable and modern lift system with 8 seats enables a very high transport 
capacity of up to 4,000 passengers/hours. 
The first 8-person chairlift in the world has been in operation in Vradal (Norway) in 1997/1998.  

 6-person chairlifts; 

This extremely comfortable and modern lift system with 6 seats enables a very high transport 
capacity of up to 3,200 passengers/hour. The first 6-person chairlifts have been in operation 
in Mont Original (Canada) 

 Gondola lifts; 
Due to the closed cabin, passengers are also protected from wind and weather. The cabins, 
with a capacity of up to 20 passengers, are connected to the haul rope by detachable grips. 
Depending on the cabin size, transport capacities of up to 3,600 passengers/hour can be 

achieved. 
 Combined lift 

This system combines the advantages of a detachable gondola lift with those of a detachable 
chairlift. Gondolas and chairs are used simultaneously. Due to the high level of flexibility, this 

https://www.skiresort.info/ski-resort/vraadal/
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system is very suitable for areas with both winter and summer tourism. Depending on the 
season, weather or client preference, the “mixture ratio” can be adjusted flexibly.  
 In the summer, the combined lift offers wheelchair users comfortable transportation by 
gondola. In the winter, the gondolas are much appreciated by families with children, while the 
“speedy” winter sports fans prefer the chairs because they need not take off their skis, 
snowboards, etc. 

 3-S ropeway lift; 
3-S ropeway lifts combine the benefits of a gondola lift with those of a reversible aerial 
tramway. This lift has two fixed, fully locked track ropes on which the carrier travels and a 
circulating haul rope which is clamped to the 8-wheel carriages. This detachable continuous 
movement system offers top performance and reliability. It has cabins for up to 38 passengers 
and maintains top ride comfort even in extreme weather conditions. These are detachable 
circulating ropeway lifts with a capacity of 30 passengers per cabin and a transport capacity 
of up to 6,000 passengers/hour 

 Funitels; 
This system is extremely wind stable, it can withstand wind speeds of over 100 km/h. The 
cabin offers a very high level of comfort and can contain 24 passengers. Transport capacities 

ranging from 3,200 – 4,000 passengers/hour are achieved at speeds of up to 7.5 m/s. The first 
Funitel went into operation in the 1990/1991 season in Val Thorens in Trois Vallees (France). 
 

 Funifors; 

The Funifor ropeway lift is a patented system from Doppelmayr. The haul rope is connected 
to the cabin with 4 horizontal cable sheaves. The first Funifor went into operation in the year 

2000 at Stelvio Pass/Passo dello Stelvio/Stilfser Joch in Italy 
 

 Reversible aerial tramways/ aerial ropeway lifts 
 They are transported by a haul rope along one or two track ropes. These are anchored at 

the mountain station and led along the route via rope saddles on the supports and are either 
anchored in the base station or tension is provided with weights. The cabins travelling along 

the track ropes are connected to each other via the upper and lower haul rope. In one of the 
stations, the rope is propelled by a drive system; in the other station, it is weighed down by a 

counterweight in order to achieve the necessary tension. The transport capacity of the aerial 
ropeway lift ranges from 4 to 200 passengers (depending on the cabin size), the speed is up 

to 12 m/s and capacity along the lift length ranges between 500 and 2,000 passengers per 
hour. 

 
 Cog railways 

Cog railways are trains with racked railways that are used to overcome inclines of up to 48%. 
These trains are normally used as feeder lifts across long routes in ski resorts. The individual 

trains can be moved independently of one another. 
 Single chairlifts 

The list of single chairlifts is constantly becoming shorter because they are usually replaced by 
lifts with higher performance levels. The transport capacity of a single chairlif t is usually very 

https://www.skiresort.info/ski-resort/les-3-vallees/
http://www.skiresort.info/ski-resort/stelvio-pass-passo-dello-stelvio/
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low and is therefore no longer economically feasible. There are (almost) no more single 
chairlifts being built at this time. 

 Basket lifts/Cage lifts 
A basket lift/cage lift is a reversible ropeway with a reversible haul rope upon which fixed-grip 

baskets (sometimes with a roof) are fastened. The basket usually offers space for two 
passengers and (usually) does not slow down during boarding or exiting. For this reason, it is 
not very suitable for children or the elderly. Basket lifts are being replaced by lifts with higher 
performance levels and there are (almost) no more being built. 
 

The main ski lift technologies are summarized in, in function of the operational speed, number 
of passengers and units in operation in the Alps. 
 

Table 5: Summary of the main ski lift technologies 

Lift technology: Speed 
(m/s) 

Carrying 
capacity 

N. of 
passengers 

Unit in 
operation 

(Alps) 
8-person 

chairlifts 
 

 

5-6 3000-

4000 

8-10 79 

6-person 
chairlifts 

 

 

5 
 

2000-
3000 

6 742 

Gondola lifts 
 

 

5-6 2000-
2620 

8-10 678 
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Combined 
lift 

 

6 3000-
4000 

8-10 45 

3-S ropeway 
lift; 

 

 

6-8 1500-
3000 

28-30 21 

Funitels 

 

7 m/s 3000-
4000 

24 14 

Funifors 

 

12 m/s 600-

1300 

60 12 

Reversible 

aerial 
tramways/ 

aerial 
ropeway 
lifts 
  

12 m/s 500-

2000 

4-200 248 

Cog railways 

 

10 m/s 1200-

2000 

- 13 
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Single 

chairlifts 

 

 
 

3 m/s 500-700 1 11 

Basket 

lifts/Cage 
lifts 

 

1.5-3 

m/s 

300-900 2/4 11 

 

5 Snow groomers 
 

“Trail grooming” is defines as the activity of producing a smooth surface of snow with a 
uniform high density through the use of mechanical equipment. In 1980s there was an 

evolution in snowmobile trail grooming tractors and drags with a significant improvement of 
the effectiveness of snowmobile grooming equipment [31]. The grooming tractor is a heavy-

duty, two or four-tracked vehicle whose primary purpose is to provide the power to pull an 
implement (drag), power a tiller, or carry a compactor bar across the top of the snow. It may 

also be used to carry a front blade. Some areas also use farm tractors equipped with a track 
conversion to pull grooming drags. The overall objective of snowmobile trail grooming is to 

provide smooth trails that are suitable for all levels of rider experience. It is important to 
establish a trail base at the beginning of the season, to re-establish a trail after that heavy 
snowfall or strong blasts winds have obliterated and to restore it into a smooth surface after 
an intense use. Furthermore, it is crucial to build a solid base of snow “pavement” for 
grooming equipment to operate upon. The groomed trail base will be packed solid from the 

ground up while the snow off to the side of the trail will generally be soft and may be several 
feet deep. 
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Figure 12: Trail grooming 

It is usually useful to establish and understand the minimum level “grooming frequency” or 

“grooming standard” that is established for trails in an area. This factor is always driven by the 
available budget and results in priorities needing to be set. Some areas categorize their trails 
as: 

 Level 1: “Minimum” (no commitments for grooming); 

 Level 2: “Preferred” (at least one every 5 days); 

 Level 3: “Comprehensive” (at least one every 3 days);   

In order to produce and maintain a durable trail, it is useful for grooming managers and 

grooming equipment operators to have a basic understanding of the properties of snow.  Once 
snow has been deposited on the ground, it begins to change, or metamorphose. Three basic 

types of changes or snow metamorphism  (Equi-temperature, Temperature gradient and 

Melt-freeze ) are important for the groomer operator to understand [32]. These changes 
depend mostly on the snow temperatures, allowing water vapor to flow within the snowpack, 
or the migration of free water in the snowpack. Water vapor moves from areas of higher 
temperature or higher-pressure areas to lower temperature or lower pressure areas. Free 

water may be present in the snowpack and solar radiation can cause a change in the snow 
surface. It is important to note that the temperature of the snow, even at or near the snow 

surface, is not typically the same as the ambient air temperature[33]. Moreover, snow quality 
present regional and seasonal differences such as particle size, wetness, density, temperature 

etc. These parameters influence the ideal method for trail preparation. In general, the trail 
grooming has to reduce the snow particle s ize in order to maximize the number of bonding, 

producing an equal temperature layer to maximize the equi-temperature metamorphism[15] 
[34]. For grooming, the most important indicator properties of the snow are particle size, 
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temperature, wetness, and the final snow hardness, or strength. Snow density instead, is not 
necessarily a good indicator property of snow. Melt-freeze snow can be of very high density 
but have very low strength [16]. Large particles or clumps that have developed perhaps due 
to melt-freeze changes (Melt-freeze metamorphism), may require a more aggressive 
grooming technique, such as tilling the snow. In many regions, the snowfall consists of 
relatively low density, small particulate snow and the snowpack remains dry. In such areas, a 
multi-blade drag can provide sufficient remixing of the snow surface [34]. It's better that 
grooming occur post-sunset, because the snow surface does absorb some solar radiation 
during the day which will increase the snow surface temperature. Furthermore, an equi-
temperature metamorphism condition, and therefore better conditions for trail set up, is 
more easily achieved after sunset. In general snow hardness is the best indicator property for 
snow strength. There are many available methods for testing hardness, such as cone 
penetrometers, ram penetrometers, drop tests, etc.  At any given time, there may be several 
types of snow :hard packed snow, soft snow, wet snow, dry snow, ice, freshly fallen snow, 
wind-blown snow that is typically small granules and some of the hardest snow, or snow that 
has been pounded and worked so hard by groomers that there is little consistency left in it. It 
is critical that all types of snow be “processed” to achieve proper trail compression and set  
up. The snow processing is accomplished by the establishment of a rolling or churning action 

in front of the blades as they move forward at a correct and constant speed. In many drag 
designs, the multiple blades are angled so the snow moves from side to s ide further mixing 

and homogenizing it.  
 

 
 
While the snow is being mixed, it is also de-aerated (air space between snow particles is 

removed to make it denser). On the other hand, when using a single blade drag, it is critical 
that this rolling action is achieved since there is only one blade/one shot at properly processing 

the snow. While a tiller does an excellent job of processing snow, it can be limited by the depth 
of its tines. 
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In general, four basic operations are required to produce a well-groomed trail. 
1. Removal of moguls; 

The primary purpose of grooming is to remove moguls [35] and compact the trail base. This is 
not simply a matter of knocking off part of one mound and pushing the displaced snow into 

the adjacent dip. A “cut-and-fill” grooming operation produces an uneven snow density that 
can result in a poor riding experience. Even though the trail may initially look smooth, the trail 

will most likely quickly revert back to moguls as the soft snow is pounded out of the filled dips 
by passing snowmobiles. 

2. Processing the snow; 

After moguls have been cut and removed, the drag ‘processes’ the snow when the cut off 
snow is rolled and ‘churned’ through the series of blades in front of the spreader / compaction 
pan. If the snow is not freely rolling and churning within the drag – it is not processing properly, 
so adjusting the drag upward may be required to get snow flowing freely through the blades. 
This processing helps de -aerate the snow, break away points on snowflakes, and ultimately 
makes the snow denser. 

3. Compression of the processed snow 

The compression step helps to further de -aerate the snow, provide a denser, more uniform 
smooth trail surface while also increasing the trail base depth. If cutting and processing were 

done improperly or too fast, it’s often results in a compressed snow surface (after step 3) that 
is not smooth or a uniform density. 

4. Trail Set Up. 

After the cutting, the processing and the compression steps the trail must be allowed to set 
up and refreeze after. The set-up time is proportionally to the durable of the trail. Trail set up 

time will vary with weather, snow and moisture conditions – so can range from 2 hours to 6 
hours to even 10 hours before the freshly groomed trail is frozen enough to withstand heavy 

traffic. Since set up time is critical to trail durability, night grooming is generally the best due 
to lower traffic volumes and lower temperatures. 

Grooming is expensive, so an adequate EMS must be adaptive to changing needs and 
conditions to ensure funds and grooming time are best spent efficiently and effectively. 
Grooming management must remain flexible to best respond to local variables through 
potentially adjusting grooming times, frequencies and methods. 
A system of this type can use a GPS tracking of the routes of the individual machines, and can 
analyze and estimate the best time in which to do the 4 phases of grooming. In particular, the 
set-up time can be optimized according to a statistical analysis of the environmental data of 
the snow quality, recorded by the individual machines, during the respective routes. 
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6 Sensors and smart metering 
 

In order to achieve adequate EMS a number of technical-environmental parameters need to 
be monitored. The main components that characterize a ski resort such as snowmaking 

systems, ski lifts, snow groomers and heaters for garage, huts and chalets mainly consume 
electricity and fuel for engines as shown in Figure 13. 

 
Figure 13: Sensors and communication networks for IEMS (Integrated Energy Management System)  

Incorporating all this timely data and monitoring it in a single platform has a number of 

advantages in terms of management performance. A complete IEMS (Integrated Energy 
Management System) consequently leads to a significant reduction in energy consumption 

and an improvement in the overall efficiency of the various processes. The control and 
management of the components of a ski resort as a whole can also be carried out remotely 

via a remote-control system from home, office, or any other location anywhere in the world, 
ensuring the optimization and flexibility of the operation of the ski resort as a whole. 

Furthermore, the modulation of the operating parameters of each well (On/Off selection, 
snow quality, priority, maximum flow rate, etc.) can be done by going to the configuration 
menu of each well.  For example, the Liberty software [36] allows to select graphically a well 
or a complete slope by modifying the parameters online. This solution allows the operator a 
great gain of time (plant parameterization speed and production). 
 

6.1 Energy meters 
 
In the snowmaking processes electricity is needed to transform the water in snow. In 
particular it is used to run fans, air compressors, water pumps, heating nozzles, etc. The input 
electrical power can easily be measured with an electric meter. Energy meters are used to 
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determine the electrical energy to each snowmaking unit. They are usually designed for three 
phase (with current up to 80A) and is equipped with a display for manual reading of electrical 
power as well as energy. 
With a router it is useful to share this real-time data in order to save it in a server and monitor 
it subsequently. Each energy meter is placed in an enclosure to protect the equipment from 
surrounding environment. 

In the snowmaking system the water flow �̇� is caused by a pressure difference. 
A central pump located at water pumping station raises the water pressure from the ambient 
pressure to approximately 20 bar. The pump power (𝑊 ) is a function of the difference in 
pressure and flow as shown in the following equation: 

Ė𝑝𝑢𝑚𝑝 =
�̇�Δ𝑃

η𝑡

 

In which the Ė𝑝𝑢𝑚𝑝  is the pump power, �̇� the water volume flow (𝑚3/𝑠), Δ𝑃 is the pressure 

increase and η𝑡  is the overall efficiency of about 65 %. 

Another important device that consume electrical energy is the the air compressor is a 
machine which increases the pressure given to a gas using the mechanical energy to convert 

the potential energy into pressure energy. There are two types of compressor: 

 Dynamic: The compression is generated by the speed you can impress on the fluid. The 
mainly used are the centrifugal. 

 Volumetric: the compression is generated by a mechanical movement. The mainly 
used are the piston ones. 

In the ski resort is necessary a high pressure 20-25 bar and high flow ≈ 400l/min therefore the 
best choice is a centrifugal compressor. The main characteristic of this typology is the capacity 
to increase the pressure in relation to the rotation frequency, usually higher than 10000 rpm. 
The flow rate remains constant and independent by the velocity. This machine is multistage, 
made by multiple impellers, where the pressure is increased step by step up to the correct 
pressure. This system has a high reliability though the manutention is expensive. 

 

𝑄𝑐𝑜𝑚𝑝𝑟 = (
𝑝

4
) × 𝑉𝑓 × (𝑑2

2 − 𝑑1
2) 

 
There are several electrical devices for measuring alternating currents and impulse currents  

such as current transformers (CT), Hall probe sensors, and Rogowski coils. The latter shown in 
Figure 14, have the advantage of having more flexible and deformable probes, allowing the 
coiling around a conductor without disturbing it because they are not intrusive  
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Figure 14: Rogowski coils 

In addition, they have a lower inductance as they are not wound on an iron core and this 

allows measurements to be made of sudden changes in current [37]. The Rogowski coil’s 
theory is based on Ampere’s law, which allows to know the magnetic field due to a current, 

and on Faraday’s law that allow to know the electric field in the space due to derivative of 
current that fluxes in the conductor. The current fluxing in a conductor generates a magnetic 

field around the wire that depends on distance from the wire. This magnetic field is then 
converted in an in an equivalent voltage. This value is successively amplified by an interface 

supplied by a 12 Vdc, before reaching the sensor as shown in Figure 15. 
 

 
Figure 15: Rogowski Coil Interface 

Modern energy meters have the possibility to measure voltage, line current, three-phase 
equivalent current and consequently provide a real-time output of active power, reactive 
power and apparent power values. The active power is defined as real electrical resistance 



 
 
 

https://www.alpine-space.eu/projects/smart-
altitude/en/home  P a g e | 29  

power consumption in circuit while the reactive power is defined as the imaginary inductive 
and capacitive power consumption in circuit. Finally, the apparent power is defined as the 
required power and ca be calculated as: 

𝑆 = (𝑄2 + 𝑃2)0.5 

Where S is the apparent power supply to the circuit (volt ampere, VA), Q is the reactive power 
consumption in load (volt ampere reactive, VAR) and P is the active power consumption in 

load (watts, W). They can be calculated in function of the measured voltage and current and 
in function of the phase angle 𝜑 between the electrical potential (voltage) and the current. 

Table 6: Apparent, reactive and active power calculation for mono-three phase 

 Single phase Three-phase 

S (apparent power) 𝑉𝐼 √3𝑉𝐼 

Q (reactive power) 𝑉𝐼𝑐𝑜𝑠(𝜑) √3𝑉𝐼𝑐𝑜𝑠(𝜑) 

P (active power) 𝑉𝐼𝑠𝑒𝑛(𝜑) √3𝑉𝐼𝑠𝑒𝑛(𝜑) 

 
Reactive power (Q) is the imaginary or complex power in a capacitive or inductive load. It 
represents an energy exchange between the power source and the reactive loads where no 
net power is gained or lost. Reactive power is stored in and discharged by inductive motors, 
transformers, solenoids and capacitors. Furthermore, it should be minimized because it 
increases the overall current flowing in an electric circuit without providing any work to the 
load. Increased reactive currents only provides unrecoverable power loss due to power line 
resistance. Increased reactive and apparent power will decrease the power factor – PF [38]. 
The power factor is the ratio between the active power (P) that a facility uses and the apparent 
power (S) that the utility provides. It varies in function of electrical device used and it is defined 
as follow: 

PF = 𝑐𝑜𝑠(𝜑) 

Furthermore, the PF in electrical engines depends on the power demanded, the speed (rpm) 

and the percentage of load. For example the PF of an induction motors or asynchronous  
motors ( AC) varies with load, typically from around 0.85 or 0.90 at full load to as low as about 
0.20 at no-load [39] due to stator and rotor leakage and magnetizing reactance [40] while 

large DC lift motors in particular tend to have low power factors. For a large DC drive the PF 
typically ranges between 0.50 and 0.78. This is partially due to the gearbox ratio, which 

prevents the DC motor from operating at its rated nameplate speed. On the other hand, an 
electric device with resistive heating element for the heating of the rooms such as the snow 

groomer garage or the huts and chalet rooms, have a PF of about 1. Power factor can be 
improved by connecting capacitors either on an individual motor basis or on a common bus 

covering several motors. For economic and other considerations, power systems are rarely 
power factor corrected to unity power factor Power capacitor application with harmonic 

currents requires power system analysis to avoid harmonic resonance between capacitors and 
transformer and circuit reactance [41]. The harmonic distortions are defined as voltage and 

current frequencies in power systems that are either above or below the normal 50 Hz power 
provided by utilities in the Europe. Harmonics filters can be installed to eliminate the negative 

effects of harmonic distortion. In addition to cleaning voltage distortions, harmonics filtering 

https://www.engineeringtoolbox.com/complex-numbers-d_1921.html
https://www.engineeringtoolbox.com/power-factor-electrical-motor-d_654.html
https://en.wikipedia.org/wiki/AC_motor
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has the added advantage of increasing the power factor. Electric induction motors require a 
reactive or magnetizing current that does no useful work. One of the modern smart electrical 
meters is  the X-Meter DIN [42], a bi-directional meter that present different available options. 
The structure of the instrument and its communication possibilities are shown in Figure 16. 

     

Figure 16 Communication interface (left) and available options(right)  of X-Meter DIN [42] 

There are different available options, such as: 

 XM1 Memory Extension and Communication:  this option allows a considerable 
increase in storage capacity (up to 250 recordable days with an integration time of 15 

minutes for line voltage and phase voltage, three-phase line current, three-phase 
active power, three-phase reactive power, three-phase power factor); 

 XM2 Bridge mod. A 232/485- mod. B USB/485: the 485 signals, coming from the X-

Meter is converted in 232 serials towards the communication port of the Personal 
Computer or to USB; 

 XM3 Digital Inputs Module: there are 8 self-powered digital inputs at 12Vdc that can 

be used for the acquisition of environmental conditions and pulses coming from 
external meters such as those for gas, water, air, etc.; 

 XM4 GSM/GPRS Module Meter: a GSM/GPRS modem is installed inside the X-Meter 

device allowing for the sending of emails and SMS associated with conditions and 
alarms coming from the “field”, connected with the XM3 function (Module 8 digital 
inputs). Furthermore, it is possible to share these data online; 

 XM5 Ethernet Module: Ethernet communication option for data collection; 

 XM6 Harmonics Recording Module: module for harmonic measurements; 

 XM7 Annual programmable clocks Module: this option allows the automatic control 

function to switch specific utilities on and off (controllable loads e.g., lights, motors, 
fans, etc.). Each X-Meter can be programmed with up to 12 daily profiles + profiles 2 
special periods + 20 special days; 

The cost of this sensor is comparable to any other simple multifunction device but it has better 
initial features (graphic display, pulsed outputs for power taken, short storage of consumption 
levels. 
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On the other hand, the device implemented in the Integrated Energy Management System of 
Les Orres (Smart Altitude Deliverable D.T1.2.1) is the Raptor Manager. It is 868 MHz 
radiofrequency mesh network. It is possible to connect it to different sub metering modules  
that can collect several data using different sensors. The Raptor system equipment is shown 
in Figure 17: 

 

Figure 17: Raptor Manger System Equipment 

Sub-metering modules collect the data measured by one or several sensors such as the 

Rogowski coils, current transformers but also some environmental parameters such as the 
temperature and CO2 concentration in the air. Then they transfer this data by IP or 868 MHz 

radiofrequency to central device called raptor manager. Each raptor manager includes an SQL 
database and an embarked web server. After that the data is collected from the sub-metering 

modules via the radio network, then it is processed and transferred via IP protocol to a 
dedicated supervision platform and/or a third-party data supervision platform. 

6.2 Water flow 
 
Because of high pressure used in the snowmaking process, an ultrasonic flow meter is usually 
used to measure the water flow to each snowmaking unit. An ultra-light flow meter measures 
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the flow regardless of pressure. The sensors are mounted externally, outside the tube in which 
the water flows. The water speed is calculated with two ultrasonic transducers and the volume 

flow (�̇�) multiplying the water speed by the internal area of the tube. The average velocity is 
measured along the path of an emitted beam of ultrasound by recording the frequency shift 
from the Doppler[43] effect or by the time averaging of difference of velocity between the 
pulses of ultrasound propagating into and against the direction of the flow [44]. The first 
transducer works as transmitter and the second as a receiver as shown in Fig.1.  

 
Figure 18:Transit time ultrasonic flowmeter 

 
Both the transducers are mounted outside of the pipe, so that one is at a distance (L) upstream 
upon another. When downstream transducer transmits  a pulse, upstream transducer detects 
this pulse and gives 'transit time' for the upstream flow. Similarly, it happens for the upstream 
transducer. The pulse transmit time in downstream direction can be expressed as: 

𝑡𝑑 =
𝐿

𝑐 + 𝑣𝑐𝑜𝑠(φ)
 

While the pulse transmit time in upstream direction can be expressed: 

𝑡𝑢 =
𝐿

𝑐 −  𝑣𝑐𝑜𝑠(φ)
 

In which L is the distance between the two transducers, v is the velocity of fluid flow and c is 

the velocity of the sound through the fluid. In terms of the difference of these pulses transmit 
times (Δ𝑇) is then calculated the volume flow rate (�̇�)as follows [44]: 

�̇� = 𝐴𝐾𝐹𝑀𝐾α

Δ𝑇

2 𝑡
 

In which 𝐾𝐹𝑀  is a fluid mechanical correction factor, 𝐾α is the acoustical calibration factor and 
𝐴 is the cross-sectional area of the inner pipe A. 

These sensors have a series of benefits including low maintenance because it is not necessary 
to move internal parts. A calibration method consists in the shifting of one of the transducer 
through an internal stepper motor axis [45]. 

FLEXIM shown in Figure 19, matches each ultrasonic transducer pair according to their 
individual characteristics. Due to unique transducer built-in temperature probes, the FLUXUS 

F721 automatically detects and compensates temperature differentials between pipe and 
transducer, ruling out measurement drift (ANSI/ASME MFC-5.1.-2011 regulations). Also, 
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every transducer and transmitter is factory calibrated guaranteeing specified accuracies and 
ensuring highest traceability and flexibility.[46] 

 
Figure 19 Flexim FLUXUS F721 water flow meter 

Moreover, The FLUXUS F721 comes with all common communication protocols: HART, 
Modbus, Foundation Fieldbus, Profibus PA, BACnet and M-Bus allowing bidirectional field 

communication and online diagnostic 
 

6.3 Temperature  
 
One of the parameters that mainly influences the snowmaking process is the temperature. It 
is necessary to consider both the temperature of the water needed for the production and 
the ambient air that determines the quality of the snow produced. The water temperature is 

measured by using normal thermocouples. These sensors consist in two wires of different 
materials that are separated from each other with an insulating material except from the ends 

of the threads. In one end these wires are assembled together and in the opposite end they 
are separated. A temperature difference Δ𝑇 between the two ends then is proportional to a 

potential difference Δ𝑉 between the wires in the end where they are not assembled. The data 
logger of the sensor the converts the voltage data in temperature data. Thermocouples of 

type T have an accuracy within 0.2 °C and are used in a temperature range between -200 °C 
and 350°C. For the snowmaking process, in addition to the value of the water temperature 

measurement, it is also necessary to know the air temperature value. The ideal weather 
conditions for production of artificial snow are humidity lower than 80%, a temperature 
between -5°C and -15°C and a light breeze Temperature meters The Dry Bulb (𝑇𝑑𝑏), Wet Bulb 
(𝑇𝑤𝑏),  and Dew Point (𝑇𝑑𝑝),   temperatures  are important to determine the state of humid 

air.  The Dry Bulb temperature is the air property that is most commonly used, and refers to 

the ambient air temperature. It is called dry because the sensor used to measure it, it is not 
affected by the moisture of the air. Wet Bulb temperature is the adiabatic saturation 

temperature and can be measured by using a sensor with the bulb wrapped in wet muslin. 
The adiabatic evaporation of water from the thermometer bulb and the cooling effect is 
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indicated by a "wet bulb temperature" lower than the "dry bulb temperature" in the air. The 
rate of evaporation and the difference of temperatures between the dry and the wet bulbs 
depends on the humidity of the air. When the air contains more water vapor the evaporation 
rate decreases. Finally, the dew point is the temperature when water vapor starts to 
condensate out of the air, in this point air becomes completely saturated. In Figure 1  is 
possible to see the snowmaking viability ( in green) as function of the wet-bulb temperature. 

 
Figure 20: Correlation between ambient temperature, wet bulb temperature , humidity and relative snowmaking viability 
(green is suitable condition, red is not suitable condition) [47] 

It is possible to notice that the limit for snow production is a wet-bulb temperature of about -
2 °C. The right corner in red in the bottom shows the ambient condition of temperature that 

are not suitable for snowmaking. Furthermore, the quality of the snow depends on the wet 
bulb temperature. The snow is considered of good quality when wet bulb temperature 

reaches about -7 °C [47]. 
However, it is necessary to remark that the freezing of the water particles creating snow 

crystals or snowflakes is not guaranteed. The nucleation of homogeneous crystals  can take 
place at temperatures as low as -40 ° C, meaning that the water can be supercooled down to 
that point before actually freezing, but only if it is completely pure water. Otherwise, small 

particles dissolved or suspended in the water can act as nucleation starters, leading to an 
earlier formation of the snow crystals. Water from sources like lakes or dams contain many 

substances such as minerals, plant matter, microorganisms or other organic chemicals, that 
can only act as nucleators at temperatures up to -8 ºC or -10 ºC. Hence, the formation of 

snowflakes is normally ensured by adding a protein of natural origin, called Snomax. This has 
the ability to enhance and activate the nucleation process at higher temperatures, being able 

to reach -3 ºC, and allowing snow production in a much wider range of temperatures, including 
temperatures very close to the operation limits. [48]. 

6.4 Atmosphere humidity 
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The atmosphere humidity is an important parameter to establish when is advantageous or 
divinations make snow production.  Indeed, a lower or higher humidity can compromise the 
writhe formation of the snow. This parameter is monitored with a hygrometer, a device which 
measure the differential between the ambient and the landmark. To give back a better 
maturation, the digital instrument use 2 sensor which can test a major area.  
 

6.5 Pressure transducer 
 
The pressure transductor is an electromechanical instrument used principally to traduce the 

pression into an electric signal which can be interfaced with a PLC or a control system. To 
generate the signal a diaphragm, normally in Stirling steal, is proportionally deformed by the 
pression exert on it. In the potentiometric transductor connected to this piece there is a 
potentiometer which can convert the mechanical movement into an electric signal.  This kind 
of instrument is simple to manufacture at a low cost. Thought the mechanical parts are subject 
to the thermal expansion or contraction. The temperature in the ski resort is prohibitive, it 
can reach -25/30°C, however are low enough to generate relevant error. 
 

 

Figure 21: Pressure transductor 

The construction technology isn’t the only difference we can find in the pressure transductor. 
Another one is the reference system. The relative maturation compares the measured 

pressure to a reference pressure measured in the factory while the absolute one uses the 
absolute vacuum as a reference. Due to this reason, the second type gives back a value not 

influenced by weather conditions or altitude.  
In the snow making system despite the high altitude, more than 2000 m asl, the difference 
between the real measurement and the data read on the instrument isn’t considerable on the 
pressure at stake equal than 20 bar. This is the reason why, installing a relative transductor on 
the main water or air supply gives back a quite precise value. On the contrary, on the fan guns 

snow machines), we need a greater accuracy: it’s important to monitor the pressure on the 
nozzle. In the first part we have spoken about the electrical signal given us from the 

transductor but this must be managed and it must be connected with the monitoring system.  
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There are two different ways to handle the signal: analog or digital. The analog communication 
uses a signal wire because there is a transformation of the pressure in electricity that happens 
through physical correlation. An example is the 4-20mA signal. In this case there is a 
correlation between the increase of pressure and the increase of the current. When the 
distance between the sensor and the control system is short, this system gives a chipper 
alternative to have an accurate measurement.  
However, on the long distance there are some interferences that can compromise the quality 
of the signal so it’s better to use a digital signal. This type of communication converts the 
pressure into binary system (0-1) without a correlation with another physical dimension. The 
bit thus generated can be transmitted for a long distance without a damage on the signal. 
Another vantage of this technology is the possibility to use a wireless relay to connect the 
sensor and the PLC (Programmable Logic Controller) without a wire. 
In the ski resort it’s necessary to install the transductor in two different places. In the pump 
station is preferable to use on the main pipe, both for water and air, an analogic one. Actually, 
it is possible interfacing this signal on the pump’s PLC. On the contrary, the device installed on 
the fan guns is a better choice to use a wireless connection to eliminate the long distance 
between the sensor and the PLC and it allows to move the system all over you want. 
 

6.6 Snow Density  
The higher density of artificial snow compared to natural snow imply that a lower snow depth 
is required in order to assure good skiing conditions [49]. In order to make a good slope 20 cm 
of groomed artificial snow is required. An amount of 10 cm of artificial snow correspond to 40 
cm of natural snow.   
After the snow making process, the snow crystals or ice grains result forced close together by 
the mechanical compaction of grooming equipment, at which time energy is introduced into 

the snow by the mechanical action, resulting in a partial melt, and thus increasing the density 
of the snow. As a result, a transfer of water molecules, necks of ice form between adjacent 

grains, strengthening the snowpack. On re-warming during the day, the necks between the 
ice grains will be reduced thereby weakening or destroying the bond between grains. The 

Table 7  gives typical snow densities and indicates suitable densities for various levels of use.  
Kilograms/cubic metre (Kg/m3) is the usual measure of density. 

 
Table 7: Guideline for trail surface density 

Trail condition Density (𝑘𝑔/𝑚^3) % water 

New snow 150-200 15 

Wind-packed snow 250-300 25-30 

Packed with snowmobile alone 300-350 30-45 

Recreational Trails 450 45 

Racing Trails 500 50 

Word Cup and higher events 540-560 54-56 
 

 



 
 
 

https://www.alpine-space.eu/projects/smart-
altitude/en/home  P a g e | 37  

The snow density and snow wetness are determined from measurements of an open RF 
resonator. Changes in the relative bandwidth of the open resonator is related to the wetness; 
changes in the resonant frequency is related to the snow bulk density (esp. when the snow is 
dry). The RF source is the wireless radio unit which is integrated into the microprocessor chip. 
The RF detector is an LTC5505-2 which converts the incident power into a DC voltage that can 
be digitized by the onboard analogue-to-digital converter (ADC) on the microprocessor. The 
grain size affects the transmission of light from a single emitter to up to four photodetectors , 
as the scattering of light is dominated by the number density of air-ice interfaces. The emitter 
is driven by a constant current source, and the photodetector circuit utilizes synchronous  
detection and a bias current is imposed to accommodate the ambient light level. 
 

6.7 Snow depth and snow water equivalence 
 
The snow depth (d) is a measure of the vertical length of snow determined with respect to a 
reference datum normally taken as the ground. The origin of the measurement is an 
approximation of the ground surface. This is because the ground can have a vertical scale of 
roughness that is significant with respect to snow depth. 
Snow water equivalence (SWE), the product of snow density and depth, is the most important 
parameter for hydrological study because it represents the amount of water potentially 
available for runoff. Measurement of the amount of water stored in the snowpack and 
forecasting the rate of melt are thus essential for management of water supply and flood 
control system [50]. 
There are different method and sensor typologies to measure these parameters. The SR50A 
Sonic Distance Sensor [51] for example provides a non-contact method for determining snow 
depth. It determines depth by emitting an ultrasonic pulse and then measuring the elapsed 

time between the emission and return of the pulse. An air temperature measurement is 
required to correct for variations of the speed of sound in air.  

Also, GPS receivers can be suitable for measuring snow depth. GPS multipath is affected both 
by the geometry of the reflector with respect to the antenna and the dielectric constant of 

the reflector. GPS antennas for high-precision applications are designed to suppress 
multipath, but do not entirely remove it. Multipath from horizontal, planar reflectors – such 

as the ground – is straightforward to model [52]. The multipath contribution to GPS SNR 
(signal to noise ratio) data for a horizontal reflector can be represented by: 
 

𝑆𝑁𝑅 = 𝐴𝑐𝑜𝑠(𝑓𝑠i𝑛(𝐸) + 𝑓) 
 

where E is the satellite elevation angle [53][54] while the amplitude A depends on the 
reflector’s dielectric constant and surface roughness, as well as the gain pattern of the 

antenna. The frequency f will depend on the transmitted GPS frequency (1.2-1.5 GHz), the 
height of the antenna, the snow density, and on the moisture of the underlying soil.  

Three-point measurement under the blade as shown in Figure 22  reduce the risk of collision 
with the terrain and ensures precision when working with a tilted blade. Three measurement 

locations ensure more precise positioning of the blade according to the design model. The 
dual slope technology ensures blade roll compensation which significantly enhances the 
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accuracy of the snow depth measurements when rolling the blade up or down. Blade roll 
compensation is an advantage when grooming slopes and when creating snow parks and 
competition courses [55]. 
 

 
Figure 22:Snow depth sensor installed  on the snow groomer [55] 

The precise snow depth and the profile of the terrain are shown in real time on a monitor 

installed the snow groomer. The operator can thus immediately examine the data that has 
been prepared in real time while preparing the slope. The result is the optimisation of snow 

management from production to distribution and up to the time of preparation. The main 
software used is that offered by Leica geosystems. This uses a GNSS antenna, a Leica GPS 

Symbol 80-GNSS receiver and a 3D display located inside the vehicle that allows to check the 
operation in real time. 
 

6.8 Fleet Management 
It is possible to achieve an efficient management of the snow groomers fleet through a GPS 

tracking and data transmission system with CAN-bus communication. This system can work 
for any snow groomer brand and for the entire ski resort. The real time data transmitted, 

which are taken into account by Prinoth's Snow How software, are: vehicle status, working 
time, position, speed, cutter and lighting [56]. In Figure 23, it is possible to visualize the 

interface of the software. 

GPS antenna 
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Figure 23: SNOW.HOW software interface [56] 

This allows to obtain an efficient use of the vehicles in action, reducing management costs and 

fuel. The reduction of operating costs includes an optimization of the travel and operation 
plan, a reduction of operating times to the minimum and downtime (IDLE),  resulting in a 

better yield of beaten surface per hour.  
 

6.9 Ski data  
 
The use of ski data sensors in the ski resorts' ski lifts makes it possible to monitor the real 
operation of the lifts by providing real time data to a central server through a communication 
system. Skidata access readers have different types, the most usual are those shown in Figure 

24 [57]. 
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Figure 24: SKIDATA access reader [57] 

The Skidata readers have various turnstile options (one, two or three arms ) and usually record 
the entry through a barcode reader. Moreover, they offer the best comfort and highest 
security against ticket fraud. They impress with speed, robustness and durability, as well as 
the ability to read a wide variety of access mediums. The marking of each skier allows you to 
know how many passengers there are for each ski trip. This can be a useful parameter to 
estimate how much energy expressed in kWh is consumed by the electric motors of the ski 
lifts to carry the individual passenger. Optimizing this process means filling the cabins in the 

best way possible, avoiding that they operate with few passengers. In addition, it is possible 
to use  SKIDATA at the entrance of the ski resort car parks, in order to optimize the available 

space and the time needed to find a free parking space.  Reducing queue times for parking 
implies reducing the emission of pollutants from fossil fuel vehicles 

 

6.10 Communications networks and systems 
 
New smart meter capabilities require communication networks that are able to deliver 
accurate, reliable and large streams of real time data. The communication network connects 

the different smart meter devices to head-end systems that manage, transmit and receive 
data. A large variety of wired and wireless communications technologies can be used as shown 

in Table 8. Utilities typically combine multiple approaches and integrate with new systems 
involving multiple vendor products. Moreover, many utilities use common communications  

platforms using the same protocol to support multiple field devices. 
 

Table 8: Advanced metering infrastructure communications technologies 

Wired Wireless 

Fiber-optic cable Radio Frequency (RF)-mesh network 

Power-line communications (PLC) RF-Point to multipoint 

Telephone dial-up modem RF-Cellular 

Digital subscriber line (DSL) 
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The choice of communication technologies and configuration requires utilities to examine 
multiple requirement, considering all smart technologies that may be used in the networks . 
Another important device is the datalogger used for the collection of data. The logger usually 
is equipped with pulse counters, and relays capable of breaking current of up to 2 A at a 
voltage of 300 V. Moreover, the output can control other low-voltage (0-10 V) or low-current 
(4-20 mA) applications.  
 

7 Application/technology matrix and monitoring system 
 

In order to check the state of advancement of the IEMS and evaluate possible improvement 
strategies of the 3 living labs of the Smart Altitude project it could be useful to fill the cells of 
the following application/technology/monitoring system matrix for each ski resort. For the 
most devices, in the third and fifth column should be inserted the number of technological 
devices indicated and the number of sensors related to them while for the snow groomers the 
total km and the operating hours have to be inserted.  In the last column on the right, the 
communication system should be declared, if it exists and what type it is. 

 

Application   

units 

Sensors (Y/N) Communicatio

n 

  (Y/N)  

 units 

Snow Making 

Systems 

High- pressure 

System 

 Energy Smart 

meter 

  

Air 

temperature 

meter 

  

Water flow 

meter 

  

Anemometer   

Compressed 

air pressure  

  

Low- Pressure 

System 

 Nozzle control   
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Weather 

Station 

  Air 

temperature 

meter 

  

Anemometer   

Pluviometer   

Solar radiation 

meter (GHI) 

  

Wind direction   

Wind speed   

Snow 

Groomers 

Fuel  Fuel meter   Wireless 

Snow quality Snow 

density 

Ultra-sonic 

sensor 

  

Microwave 

sensor 

  

Snow depth GPS system   

Ultra-sonic 

meter 

 

SWE    

Operating 

conditions 

Operating 

hours 

   

Km GPS/GNSS 

system 

  

Slopes quality  Frame sensors   

Pitch and roll 

sensor 

 

GNSS antennas 

and receivers 
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Ski lifts 

Engine AC Energy Smart 

Meter 

  

DC  

Operating 

conditions 

Number of 

passengers 

Ski-data   

Heating 

systems 

Technology Electrical Energy Smart 

Meter 

  

Biomass Biomass meter 

(kg/h) 

  

Natural gas Gas meter   

Operating 

conditions 

Operating 

hours 

   

Indoor 

temperature 

Temperature 

meter 

  

Water 

Supply Natural lake    

Artificial lake Temperature 

meter 

 

Tanks Temperature 

meter 

 

Cooling Cooling 

towers 

Temperature 

meter 

  

Bullage Air pressure 

meter 

 

Temperature 

meter 

 

Pumping  Energy Smart 

Meter 

  

Air 
Pressing Air 

compressor 

Energy Smart 

Meter 
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Cooling  Temperature 

meter 

  

Energy Grid 
Power limit 

(kW) 

 Energy Smart 

Meter 

  

 

 

 

8 IEMS in Madonna di Campiglio  
 
 
In the living lab of madonna di Campiglio, the company Energenius of Trento [58], has 
developed a unique integrated energy monitoring system, collecting in a single platform all 
the data recorded by different sensors installed in the ski resort. These data, as seen before, 
include the energy flows and the most important physical and thermodynamic parameters of 
the main actors of a ski resort such as: ski lifts, snow groomers, snowmaking systems, water 
supplies conditions, weather forecast, and indoor spaces temperatures. 
In order to facilitate the visualization of the data flow, it was appropriate to divide the ski 
resort area into several sub-areas, mainly divided according to ski lift stations, in order to 
visualize the time variations in a more detailed view. 
This type of monitoring allows to analyze the historical and real-time data series and to 
identify the most effective improvement actions. As result, it it possible to maintain an high 
level of excellence in respect of the environment, through a careful control of consumption 

and emissions.  
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