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Smart Altitude – Alpine winter tourism territories demonstrating an integrated 

framework for a low-carbon, high impact and resilient future 

SMART ALTITUDE aims at enabling and accelerating the implementation of low-carbon policies in 
winter tourism regions. Technical solutions for the reduction of energy consumption and GHG 
emissions in mountain areas relying on winter tourism today exist, with up to 40% reduction 
potential. However, key trade-offs are at the heart of their slow uptake: they require stronger and 
innovative involvement to overpass strategic, economic and organizational challenges.  

The project will demonstrate the efficiency of a decision support tool integrating all challenges 
into a step-by-step approach to energy transition. The project clearly innovates by deploying a 
comprehensive approach of low-carbon policy implementation based on impact maximization 
accounting for technical, economic and governance factors. It is based on common performance 
indicators, monitoring systems and Energy Management Systems (EMS) in mountain territories, 
so as to build a shared situational awareness and take impactful decisions. The approach is 
implemented in 3 real-field demonstrations and prepares for replication in 20 other Alpine Space 
territories. 

 

SMART ALTITUDE lasts from April 2018 to April 2021 and is co-financed by the European Regional 
Development Fund through the Interreg Alpine Space programme. 
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1. Introduction 
 

This document presents a territorial implementation plan specific to Smart Grid technologies.  It aims 

at presenting Smart Grid models for maximizing GHG reduction, economic impact and stakeholder 

benefits. 

The general characteristics of smart grids, presented in a first part, allow stakeholders to measure the 

economic and environmental impact of such technologies.  

A second part, more specific to the technique of a smart grid, with Nice Grid & Les Orres examples, 

allows to evaluate the measures to be taken for the implementation of a smart grid. 

 

2. Deploying smart grid: context, objectives, and challenges 

2.1. From centralized electrical system 

Most national power systems have been built around centralized means of generation. The electrical 

distribution is ensured by a national power grid, interconnected to the European power grid. 

Conventional means of electricity production (thermal, nuclear, hydraulic) are called up according to 

the energy demand, so that there is always a balance between energy supply and energy demand. This 

global architecture is possible thanks to the flexibility of the means of energy production and to a lesser 

extent, that of energy consumption. 

Flexible means of production, i.e. means whose output can be changed up or down in a matter of 

seconds, include the following: 

- Coal 

- Gas 

- Petrol 

- Hydro power 

- Biofuels 

- Waste energy 

Nuclear power plants are not considered as flexible means of production due to the inertia of ignition 

and shutdown. 

It is mainly these flexible means of production that are involved in system services, i.e. the upward or 

downward modulation of production in order to ensure the overall balance between production and 

consumption. In 2000, these flexible means of production accounted for 68% of electricity production 

in Europe (Figure 1). 

Since the 2000s for wind farms and the 2008 for solar farms, intermittent renewable energies have 

been increasingly appearing in the European energy mix (Figure 2). These means of production cannot 

be activated on demand to restore the balance between energy production and consumption. In 2017, 

the share of these intermittent energies (wind & photovoltaic) in electricity production was 14%. 

Therefore, the share of flexible means of production now covers 61% of electricity production in 

Europe (Figure 1). 

We are therefore increasingly moving towards an energy mix that will no longer be able to adapt to 

meet a one-off energy demand on the electricity markets. 
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Figure 1 – Comparison of the electricity generation by source in the European Union 28 between 1990 & 2017. Source: IEA.  

 

 

 

Figure 2 – Evolution of the electricity generation by source in the European Union 28 from 1990 to 2017. Source: IEA. 

On a smaller scale, and in particular at the national level, large differences are observed between the 

energy mixes of each country (Figure 3). 

For example, the share of flexible means of electricity production varies widely between France, 

Slovenia and Italy: 

- France: 21 %  

- Slovenia: 60 % 

- Italy: 84 % 
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This same difference can be observed at the territorial level, city level or district level because of the 

appearance of self-consumption. 

 

 

Figure 3 – Comparison of electricity generation by source in Slovenia, France and Italy in 2018. Source: IEA. 

 

Compared to Slovenia or Italy, the French energy mix is therefore not suitable for guarantying the 

power balance as only 21% of the French electricity production can be modulated up or down to meet 

a one-off energy demand. 

On the other hand, the Italian means of electricity production can still easily adjust their production to 

meet a one-off energy demand. In facts, 84% of the Italian electricity production is carried out by 

flexible, but carbon-intensive means of production. 

 

2.2. Which requires flexible means of production 

The power grid frequency is used to characterize the balance between electricity production and 

consumption. The normal frequency of the European network is 50 Hz.  

When the frequency is higher than 50 Hz, the production is in excess compared to the consumption of 

electricity. When the frequency is less than 50 Hz, the means of energy production cannot supply all 

consumers. (Figure 4) 
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Figure 4 – Evolution of the grid frequency as a function of the balance between electricity productions and consumptions . 

 

In order to restore the balance between production and consumption, electrical mechanisms are set 

up automatically: Power grid system services. 

The primary reserve, composed by all European producers with flexible means of electrical production, 

is activated automatically (in less than 30 seconds) upwards or downwards when an imbalance is 

detected. This primary reserve amounts to 3,000 MW, including 600 MW for France. It makes it 

possible to restore the observed power deficit or surplus and thus stop the drift. 

The following focuses on the example of France. In the event that activation of the primary reserve is 

not sufficient to restore the balance, the secondary reserve is then activated automatically over a time 

interval between 30 seconds and 15 minutes. This reserve between 500 and 1,000 MW is called up to 

restore the frequency to 50 Hz. It is only made up of electricity producers located in France, whose 

operating power is greater than 120 MW. Producers participating in the secondary reserve must 

permanently keep available power of at least 120 MW. 

Finally, the tertiary reserve can be manually activated by the electricity transmission manager thanks 

to the adjustment mechanism. It is used to supplement the secondary reserve if it is exhausted or not 

sufficient to deal with the power grid imbalance. It can also intervene in place of the primary and 

secondary reserves or even anticipate a frequency imbalance. Different actors can participate in the 

adjustment mechanism such as producers, consumers or demand response operators.  Unlike primary 

and secondary reserves, the tertiary reserve can therefore be ensured by eliminating electricity 

consumption. 
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2.3. Towards a decentralized Smart Grid system which requires flexibility in electrical use 

It is on this very model of a tertiary reserve that Smart Grid technologies are emerging at a local level, 

on the scale of a territory, a city, a district, or even a building. 

In order to guarantee the balance between electrical production and consumption, flexibility is no 

longer limited to the means of production but also to the uses of electricity.  

Smart Grids use computer technologies to enable real-time communication on the electrical status of 

power grid at the local level. This real-time communication allows to activate or not the flexibilities of 

production, consumption or storage, upwards or downwards according to their respective availability. 

In a Smart Grid, all the local players therefore play a role in guaranteeing the balance between 

production and consumption. The main difference with tertiary reserve mechanisms lies in the 

absence of an electricity market. In a smart grid, all the players are involved according to predefined 

scenarios and priorities. 

 

Figure 5 – Evolution of the energy systems made possible by the increased use of digital tools. Source: Energy Atlas . 
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2.4. Which technical solution to manage the electrical balance of a Smart Grid? 

The implementation of a Smart Grid is mainly based on the setting up of a communication 

infrastructure between all the different electrical systems within a defined perimeter.  

This communication infrastructure is based on smart meters for energy production and consumption. 

It encourages consumers to use energy when it is most abundant. Conversely, consumers are 

requested to limit their energy use when energy production is low. 

The modulation of energy consumption, upwards or downwards, can be done manually or 

automatically.  Manually, a request can be sent to the various consumers depending on the availability 

of energy. This solicitation, whether coupled with financial incentives or not, is therefore based on the 

virtuous behaviour of consumers. 

When the Smart Grid is coupled to an Energy Management System (EMS), it is possible to modulate 

energy use upwards or downwards automatically. This Smart Grid model is then based on the coupling 

between sensors and communicating actuators allowing remote control of energy use. Predefined 

scenarios allow the selection of the uses to be deleted/activated according to their current state and 

the available energy. These scenarios are defined by artificial intelligence algorithms to guarantee the 

energy efficiency within the perimeter of the Smart Grid.  

For example, in the context of a “smart mountain grid”, a typical predefined scenar io could be to 

reduce the speed of a chairlift by 10% to compensate for the loss of solar production due to a cloudy 

weather. The selection of the chairlift in question will be made on the basis of the current consumption 

of all the ski lifts and on the basis of the real time traffic. The choice to modulate the speed of a chairlift 

rather than to play on the snowmaking system is made by the operator’s hand, by defining beforehand 

the priorities of clearing between the different uses. At any time, the ski resort operator can regain 

control over the predefined scenario and modify the actions manually. 

 

2.5. Which electrical systems can participate in the power balance of a Smart Grid? 

Every electrical system of the defined Smart Grid perimeter can participate in the power balance.  

We thus find: 

- Electrical supply systems:  

o European power grid 

o Local self-consumption production systems 

 Photovoltaic 

 Wind farms 

 Hydro power 

 Biomass 

 Etc. 

 

- Electrical storage systems:  

o Batteries 

o Compressed Air Energy Storage - CAES 

o Hydro pumped energy transfer station 

o Heat storage (hot water for instance) 

o Etc.  
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- Electricity consuming systems: 

o Ski resort related systems:  

 Ski lifts 

 Snow making systems 

 Heating of operating buildings 

 Etc.  

o Other electricity consuming systems (not specific to ski resorts):  

 Heating of residential and tertiary buildings 

 Hot water production for residential and tertiary buildings 

 Lighting of residential and tertiary buildings 

 Public lighting 

 Charging stations for electric vehicles.  

 Heat pumps for swimming pool 

 Ice production for rinks 

 Etc.  

 

There is no minimum power limit to participate in the power balance of a Smart Grid. However, 

the most energy-consuming systems on the Smart Grid perimeter will be selected as priorities, 

if their use is flexible. 

 

 

Figure 6 – Energy systems involved in a Smart Grid conception. 
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2.6. What are the benefits of a smart grid? 

The main benefit of setting up a Smart Grid is the massive integration of intermittent renewable 

energies. By modulating energy consumption according to the available power, Smart Grid 

technologies make it possible to maintain a reliable, durable and secure electricity supply. 

For renewable energy penetration rates of less than 10%, the current power grid system can respond 

to intermittent production. For rates higher than 10%, Smart Grid technologies are required to ensure 

that electricity is supplied according to demand. 

With the implementation of Smart Grid technologies, the electrical system is also more resi lient. 

Indeed, to face an energy production defect, it is possible not only to modulate upwards the other 

production systems, but also to erase a whole set of local energy uses.  

Finally, Smart Grid systems are of real interest from an economic point of view. On the one hand, the 

transport of electricity is shortened since the self-consumption of locally produced energy is preferred. 

Energy transport losses and costs are therefore minimized. The necessary investments in electricity 

transport infrastructure can thus be postponed thanks to the emergence of Smart Grid technologies.  

On the other hand, energy savings are observed by the implementation of a Smart Grid. Some 

consumption is effectively deferred in order to avoid consumption peaks. The simple display of 

consumption usage by usage also allows a real awareness which leads to energy sobriety. 

In 2030, the overall annual savings linked to Smart Grid technologies should be around 400 million 

euros / year (Figure 7). 

From an ecological and environmental point of view, the energy savings observed and the increase in 

the penetration rate of renewable energies thanks to Smart Grids makes it possible to drastically 

reduce the associated carbon footprint. In the United States, it is estimated that the integration of 

Smart Grids by 2030 could reduce national energy consumption by 12 to 18% and therefore the 

associated CO2 emissions (442 million tonnes of CO2). (source: US department of Energy - Pacific 

Northwest National Laboratory) 

 

 

Figure 7 – Smart Grids costs/benefits analysis in France in 2030. Source: www.les-smartgrids.fr 

 

  

http://www.les-smartgrids.fr/
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3. Field deployment: the example of Les Orres 

3.1. Provence Alpes Côte d'Azur: a region with Smart Grid expertise 

3.1.1. Description of a smart grid deployment in the Mediterranean Alps 

The Provence Alpes Côte d'Azur Region has been conducting several pilot experiments in Smart Grid 

deployment for several years. These include the Nice Grid project, presented below (sources: Nice Grid 

website and Wikipedia), led by several players, including Enedis (leader), EDF, Saft, GE Grid Solutions. 

NICE GRID is an experimental project launched in the summer of 2011, for a period of 4 years, designed 

to test the integration of photovoltaic electricity into the electricity grid of residential areas through a 

Smart Grid. The objective was to experiment with ways of storing the photovoltaic electricity produced 

and managing local consumption through diffuse erasure and the creation of "solar off-peak hours". 

The project was extended for one year until the end of 2016. 

This project, based in France, in Carros (near Nice), was piloted by Enedis and was part of the European 

Grid4EU project, financed over 4 years to the value of 30 million euros, including 4 million by Ademe, 

the French national agency for energy, and 7 million by the European Commission. It aime d to involve 

2,500 homes and businesses in the experiment, equipped with Linky smart meters. This pilot project 

included 200 sites for the deployment of photovoltaic panels for a total production capacity of 2.5 

MWh. To manage this production of electricity from renewable energy sources, a system was installed 

to store electricity in the form of batteries, distributed at different points on the electricity grid and at 

volunteer users' homes, capable of storing 1 MW for 30 minutes. This photovoltaic 

production/electricity storage system is used in another aspect of the Nice Grid project: the islanding 

experiment. This process consists of running a district of Carros in complete autonomy, for a given 

period of time, without any electricity input from the external grid. 

Figure 8 – The “Nice Grid” Smart Grid -- Source: Thomas Drizard, ENEDIS (captions translated in English). 
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The "NEM" (Network Energy Manager), or energy network manager, makes it possible to solicit various 

aggregators, which optimise responses to the constraints observed on the network, depending on the 

time of day. These responses correspond to local flexibility offers made to participants. They 

encourage them to shift their consumption when solar production is high, and/or to reduce their 

consumption during cold peaks. For example, in the summer, in the event of overproduction of 

photovoltaic energy, they can take up the residential flexibility offers of the aggregator, which 

proposes "solar bonuses" (solar off-peak hours between 12 noon and 4 p.m.), remote activation of the 

water heater for voluntary customers, and storage of electricity in batteries.  Conversely, in winter, 

during consumption peaks, the NEM can take up offers of lower heating via the Linky meter or 

proposals for battery discharge, from the grid battery aggregator. 

The NICE GRID project demonstrated the usefulness of the Linky smart metering system as a building 

block for implementing Smart Grid functions. The experiments made it possible to carry out 

programmed and unannounced islanding operations, with disconnection and synchronisation phases 

to the main network without interruption and with no impact on users, and efficient control of the 

energy storage system's load/discharge cycles.  

The project is continuing with several developments under the Nice Smart Valley programme, in 

particular Enedis' FLEX MOUNTAIN project to secure the electricity supply to the Isola 2000 resort, with 

the creation of a flexibility remuneration service that can be used to set up a local energy pilot. 

 

3.2. Mountain smart grid  

3.2.1. Mountain Smart Grid specificities 

Compared to Nice Grid, the implementation of a mountain Smart Grid presents a certain number of 

particularities that we expose below: 

- Smaller territorial dimension 

- Seasonality of frequentation and therefore of energy consumption 

- A very specific winter evening/night consumption peak (snow production)  

- Low summer consumption ((e.g. station operations: energy demand of around 250 kW against 

a winter power peak of more than 3 MW) 

- A potential energy production mix comprising mainly hydroelectric production and secondarily 

solar and other renewable energies. In Les Orres, the production potential is mainly 

hydroelectric (23 GWh) and more marginally solar (423 MWh).  Wind power does not seem 

relevant compared to other sites and resorts. Biomass is also used for heating communal 

buildings, and gas heating for part of the heating installations in tourist accommodation 

buildings 

- An imbalance between consumption needs and production capacity: the needs are greatest in 

winter when production capacity is low (winter low flow, low photovoltaic production due to 

the short duration of sunshine and the greater prevalence of solar masks).  

3.2.2. Why Les Orres 

Les Orres resort was a pioneer in the implementation of an integrated energy management system in 

the Alps by becoming an experimental site within the framework of the European Apine Space 

ALPSTAR programme, over the period 2012-2014. On this occasion, Les Orres carried out a complete 

energy assessment of the station's operations and set up an energy management system with the 

contribution of two design offices: Ecomesures and Roquétude.  This action has made it possible to 
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reduce energy consumption by 20%, greenhouse gas emissions by 100 t CO2 and the station's energy 

bill by 25%. 

Since then, Les Orres has become the "Mountain resort of tomorrow" pilot of FLEXGRID, a programme 

for the deployment of smart grid solutions led by the Provence-Alpes-Côte d'Azur Region and operated 

by the Capenergies competitiveness cluster. The resort and the commune of Les Orres have continued 

their commitment to the deployment of responsible energy solutions, alongside their partners EDF 

and Enedis, and the commune of Les Orres has become the leader of the Alpine Space SMART 

ALTITUDE project to extend its EMS to model a real mountain smart grid. 

3.2.3. Les Orres case study 

Les Orres presents the typical mountain specificities as presented in 2.2.1. The table below presents 

the typology of seasonal energy consumption and production of the diverse equipment being 

potentially included in the Smart Grid model. The elements presented in the table are qualitative only. 

In order to successfully implement an efficient model of local energy pilot, it will be necessary to 

determine as precisely as possible the values of consumption at the appropriate time step for each 

consumption and production category of equipment. 

 

Table 1 – Energy consumption and production by category of equipment over time periods. (L: Low ; M: Medium ; H: High) 

Unlike Nice Grid, the aim is not to adopt a total islanding approach, but to achieve the best possible 

balance in the system in order to reduce consumption and greenhouse gas emissions, as shown by the 

introduction of the EMS, and to reduce the impact on the networks of the seasonality of demand. In 

this respect, the integration of tourist housing into the overall system offers much greater scope for 

 Electricity Consumption 

units 
Ownership Type of operator

 Winter 

Season 

 Summer 

Season 
 Off-Season 

Ski Lifts Semlore Semi-public H L

Snow Production Semlore Semi-public H

Utility buildings Semlore Semi-public H L

Offices Semlore Semi-public H L L

Tourism office Semlore Semi-public H L

Theatre Semlore Semi-public H M

Cultural & leisure center Semlore Semi-public H

Ice Rink Semlore Semi-public H

Swimming pool Municipality Public H

School Municipality Public M M

Town hall Municipality Public M M M

Other public buildings Municipality Public M M M

Fire & rescue center Department Public M M L

Health Centre Municipality Public H M L

Tourism residence Joint Private H M

Condominium Joint Private H M L

Hotel Personal Private H M

Stores & shops Personal Private H M

Individual housing Personal Private H L L

 Energy production 

Photovoltaic/parking Municipality Private L H M

Photovoltaic/roof Municipality Private L H M

Hydroélectricity Municipality Semi-public M L H

Other (biomass) Private Private H L M
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erasing consumption peaks through the new diversity of uses provided, including through the storage 

of energy by hot water tanks. 

It should be noted that Les Orres, a pilot station for the deployment of Linky smart meters through an 

agreement with Enedis, is now fully equipped with these devices, the importance of which Nice Grid 

has demonstrated for grid management. The energy sensors can be connected to the TIC (customer 

information contact) of the Linky smart meter to transmit the history of electricity consumption or 

production information and transmit the measurements in real time via IP gateways to the hypervision 

solution that constitutes the local energy pilot. The local energy pilot can control load shedding and 

other regulation or adjustment operations via various IP-bus field gateways that route orders directly 

to the equipment. 

For the organisation of an energy management system, please refer to deliverable D.T1.2.1. Live 

monitoring system specifications. The diagram below shows the constituent parts of the Orres smart 

grid with the central position of the local energy pilot, interacting with the station EMS, the public 

lighting supervisor, and the various monitoring and control equipment that will be installed in public 

and private facilities and tourist accommodation buildings. 

 

Figure 9 – Organizational principle of Les Orres' Smart Grid 

 

3.2.4. Rollout - Deployment of mountain smart grids 

The resort of Les Orres has a certain number of specificities which do not necessarily correspond to 

the conditions that all Alpine resorts are confronted with: 

- In France, as previously mentioned in the first part of this report, electricity is more 

decarbonised and cheaper than in most countries of the Alpine  space. 

- Consequently, most of the heating of tourist accommodation is electric, which reinforces the 

interest of integrating this component into a smart grid approach by the high regulation and 

energy demand erasing capacities it represents.  

- The renewable energy production mix can vary considerably depending on the geographical 

context and available resources. 
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- The typology of stakeholders can vary considerably from one country to another, and even 

within the same country. Les Orres has the advantage of having a semi -public operator with 

the municipality as major shareholder, which facilitates integration between the public 

(municipality) and the semi-public (resort operator) in a common Smart Grid approach. 

However, the integration of the private party is complex to implement, due to the multitude 

of players involved (multi-owner tourism housing). 

The following diagram is a simplified process flow proposal of the functional design of a mountain 

microgrid, adaptable to each configuration. 

Figure 10 – Simplified process flow of a mountain smart grid design. 
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4. Conclusion 
 

This report has attempted to highlight the characteristics of Smart Grids, their advantages and 

conditions of deployment.  The approach was then clarified through an example of the deployment of 

a Smart Grid experiment in the Mediterranean Alps (Nice Grid) , followed by a presentation of the 

constituent elements of the Smart Grid in Les Orres, and finally an approach to generalise the approach 

to all mountain territories.  

However, certain conditions of deployment are not addressed here, in particular the administrative 

and regulatory aspects specific to each country. In France, the Commission de Régulation de l'Energie 

(CRE) recently adopted the principle of experimentation territories within a framework that derogates 

from the conditions set by the texts on collective self-consumption, in particular.  The notion of local 

energy communities is emerging at the European level, which over time would eventually remove the 

obstacles to the deployment of local Smart Grids at the resort level. Recommendations for te rritorial 

policy makers to facilitate the deployment of mountain Smart Grids will be further developed in the 

framework of the Smart Altitude project. 
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