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Abstract

The water footprint (WF) is defi ned as the total amount of water required to produce goods and services. This value can be determined for crop activity, but also in 
industrial processes, for a multi-national company, for a state or for a watershed. It is an index to assess the water necessary for agro-industrial activity. 

Water is classifi ed using three colours according to the origin and the use. Green water is defi ned as the water from precipitation stored in the root zone, present in 
plants, or evaporated water. Blue water footprint is surface water, groundwater, or evaporated water. Blue water is used in agricultural production, industry, and domestic use. 
The last colour is the grey water; it is the total volume of water necessary to dilute contaminants to reach a specifi c quality level. 

Agro-industry is water-consuming, and the industry demand for freshwater is affected by climate change too. Summer 2023 and 2024 have been defi ned as the hottest 
ones among the last years, with drought, heavy precipitation and wildfi re either in France and Italy. 

Climate change, soil degradation, and soil salinization of irrigated areas will potentially limit future increases in production. Agricultural production needs to increase 
by almost 50% by 2050 to meet the rising demand for food, fi bres, and biofuels. Water management is becoming very important day by day not only for crop and food 
production, but also for climate change. The increasing of temperature and extreme events are affecting water resource and water quality, climate change will affect crop 
production (soil evaporation and crop transpiration) and in a second moment agro-industry, too. 

GoutteaGoutte/GocciaaGoccia (GAG; https://goutteagoccia.com) project’s goal is to help micro and small enterprises (MSMEs), involved in the agro-industrial 
production, to be more sustainable. Supporting these enterprises in fi nding a suitable and cost-effective choice according to their dimension and type of production. The 
project is based on three main pillars like to solve water leakage phenomenon, to reduce water during the industrial activity and to reuse the wastewater for a secondary 
purpose. To reuse wastewater according to the European Law (2024/1765), the French law (Decree 2024-769) and the Italian law (Decreto Siccità 31/12/2024). Reusing 
wastewater for a secondary purpose means to follow the circular economy principle, avoiding any waste starting from the leakages. EU supports the Circular Economy to 
reach the sustainability and effi  ciency in industrial activity. 

GAG project was funded by the European Regional Development Fund (ERDF) as part of the Interreg V-A France-Italy ALCOTRA 2021-2027 Program.

GAG project is a collaboration among Chamber of Commerces Italy (Piedmont and Liguria) from PACA (Provence-Alps-Côte Azur) area, Politecnico of Torino (Italy) and 
Aix-Marseille University (France). The fi rst GAG’s goal is to choose the enterprises, the second aim is to determine if there are leakages and the annual volume of water used 
by each enterprise. The end purpose is to create a pilot test to remediate the wastewater and later to reuse this water. The ultimate target is to support MSMEs to become 
more sustainable and their formation about topics like sustainability, climate change and the intensifi cation of extreme phenomena in Southern Europe.
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Introduction

The demand of freshwater is increasing as the increasing 
of population, freshwater for agriculture and industrial activity 
too [1]. These data will worsen when population will grow up 
to 10 billion in 2050 [2]. Water is a renewable resource but its 
availability is not unlimited, the volume of water depends on 
many factors like temperatures and precipitations [3,4].

European Environment Agency (EEA) stated Europe is 
depleting freshwater resources, water resource is used for 
agriculture, manufacturing, drinking, heating, refrigeration, 
electricity production, tourism. 

At European level freshwater resources are depleting due to 
population growth, urbanization, pollution, climate change and 
mostly the intensifi cation of drought phenomena, particularly 
in Southern Europe (Mediterranean area). Drought is an 
effective emergency affecting agri-food chain; so, the adoption 
of precise and effi cient measures is a key-solution [2,5].

After the period of Covid-19 pandemic, micro and small 
enterprises (MSMEs) faced a very intense and diffi cult moment. 
The Goutteagoutte/Gocciaagoccia project (GAG) fi ts in, the 
main idea is to sustain MSMEs to face the problem of climate 
change in Mediterranean area. The summer time in 2022 and 
2023 were characterised by drought phenomena either in 
France and in Italy. The drought problem cost about 1.2 billion 
€/y in France with large damages to agriculture activity; water 
shortages is a risk particularly concerning southern France 
and northern Italy (ALCOTRA area1), with a warming of +2°C, 
more than a third of the population in this area could lack of 
water. It is fundamental to protect the water system, to make 
the system more effi cient and particularly in vulnerable areas 
to satisfy the demand.

Climate change and pollution affect water resource; 
moreover, agriculture activity and agro-industrial (food 
industry) activity impacts the water resource system too,

The agro-industrial sector has a paramount importance 
in EU, interesting about 4,7 million of employs and being the 
leader with about 40.1% turnover for SMEs [6] resulting the 
predominant typology due to the different traditions and tastes, 
a very strong European heritage. Moreover, about 75% of food 
product are transformed and distributed by industry [6]. Agro-
industrial production has increased from 2015, from 2021-202 
its turnover in EU is quite stable, a decline was observed during 
Covid -19 pandemic. 

Food industry covers sectors such as fruits and vegetables 
processing, dairy production and beverages. About 84% of 
companies produce drinks, meats and “various food category”.

Size of companies in this sector is highly variable, MSMEs 
are about 300,000, among these France, Germany, Italy and 
Spain are the largest EU food and drink producers. Wine and 
food preparations are key exports, making EU the largest 
exporter in the world. A sad statement is that about 59 million 
tonnes of food were lost or wasted in 2022, this is about 16% 
of GHG emissions and the level of water stress is about 8.3 % 
in 2018 [6]. 

The SDG 6 states “Ensure availability and sustainable 
management of water and sanitation for all” [7], and following 
this goal the Water Footprint (WF) was defi ned to determine the 
water volume in case of agricultural and industrial production 
(Hoekstra and Hung, 2002).

Anthropogenic activities consume water, as agriculture 
production and, later agro-industrial activity needs 
water, unfortunately this is a polluted waste-water with 
contaminants of different origin at the end of all the process. 
Understanding the volume of water behind a product could 
make us understand the importance of freshwater and the 
concernment in preserving the water quality and the problem in 
consumption without a policy to optimize it [3]. Understanding 
the paramount importance between consumption and use of 
water will be a carrier for governance of the water triggering 
sustainable changes. A policy from governments is to subside 
water supply investing in large infrastructures, but not 
charging the water users highlighting the non-saving water 
attitude. So, the production of any goods is not regulated by the 
water scarcity problem. The water foot print has an economic 
impact related to water use ineffi ciency

Water footprint 

The concept of water footprint is the volume of freshwater 
used during production and/or consumption (direct use) but 
also an indirect use, a general defi nition is the total freshwater 
amount for the production along the supply chain. Hoekstra 
et al. and Hoekstra [3,8,9] defi ned three types of water using 
colours based on the origin (Figure 1). The blue water refers to 
surface and groundwater along supply chain of a product; the 
green water originates from precipitation that has infi ltrated 
soil and increased soil moisture; the grey water is the amount 
of freshwater necessary to assimilate pollutants reaching the 
previous ambient water quality standards. 

1ALCOTRA area concerns France and Italy, in particular in France 
(Rhone-Alpes Region): Savoie, Haute Savoie, (Provence-Alpes-Cote Azur 
Region): Alpes de-Haute-Provence, Hautes-Alpes, Alpes-Maritimes; in 
Italy (Piemonte Region): Torino and Cuneo, (Liguria Region): Imperia, 
Autonomous Region of Valle d'Aosta.

Figure 1: Waterfoot print classifi cation according to the use (https://tinkerprograms.
com/know-water-footprint/water-footprint).
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The blue water footprint is defi ned as a consumptive water 
use, this is referred to some points like water evaporates, water 
can return in a different catchment area or to the sea or water 
can return in a different time period and it could be a scarce or 
a wet period. The green water is referred to the infi ltrated and 
stored water in soil, not the water which recharge the ground 
water system. So green water stands for water that evaporates 
and/or transpires, so green-water footprint is a consumed 
volume of water during the activity. This is relevant for the 
agriculture activity and later for the agro-industrial activity too 
[10]. The greywater footprint is defi ned as the necessary volume 
of freshwater to dilute contaminants so the water quality is 
as before, it can be defi ned as an indicator of contamination. 
Pollutants can be released into a surface water body and/
or in a soil, in the fi rst case the load can be measure, on the 
other hand in soil part of pollutants could reach groundwater 
system or run off, therefore the value is a partial one. Actually, 
the grey water footprint is an indirect measure of the load of 
contaminants in the water. For this reason, is of fundamental 
importance to state the used water quality standards in valuing 
this footprint [3], in particular for ambient water quality. 
Indeed, standards for this water are intended to defi ne how 
water assimilate these chemicals. 

It results as a tool to determine if the use of water is 
sustainable and/or equitable for a human purpose. Calculating 
this value, it is ideal to consider the direct and indirect water 
footprint. During industrial production the water footprint 
along the supply chain is higher than the ones from operations, 
so reducing the amount of water along the supply chain could 
be more cost-effective than making different improvements. 
Water footprint is a valuable tool to support industrial activity 
in determining the impacts on a catchment or river basin to 
value the sustainability assessment. 

The water footprint of a product is the sum of all the water 
footprints of every single step:

feed crop cultivation, livestock farming  

food processor, retailer consumer

This is an example of direct and indirect water footprint for 
each stage of the supply chain for meat production.

Water footprint for agro-industry production

The water footprint for a product is defi ned as the total 
amount of water, direct and indirect, used to produce the 
product, valuing the necessary water volume during the 
production and pollutants along the production chain [11]. 
Defi ning the water foot print instead of the virtual-water 
content stand for defi ning the type of water (blue, green grey) 
and not only the embedded water of the product [3], (Figure 2). 

For determining the water footprint of a product any steps 
have to be specifi ed from the origin till the end of production, 
tracing all the product ingredients. The two simplest cases are 
when the fi nal product is one starting from different initial 
products and in this case the fi nal datum is the sum of each 
water footprints. A second example is starting with one initial 
product and having more fi nal products. In this last case the 
water footprint will be distributed among the fi nal products. 
To value the water foot print of a product the best way is to 
determine the value step by step along the process, starting 
from the water footprint from the input products till the output 
products. In case an initial input has an origin from a different 
chain, the water footprint for this one ought to be obtained from 
the supplier. At the end of the supply-chain water footprint is 
composed of the three different water colours [3,12].

Figure 2: Comparison among the volume of water to produce meat (beef, pork and poultry) in Italy and in the World (https://www.tobagonet.it/news/what-is-water-footprint).
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is undermining cross-border businesses regardless of their 
needs. This shared problem is the real challenge of the project: 
the proper use of water in food production systems; supporting 
companies to make their water-use and treatment processes 
more effi cient, promoting more rational resource use, and 
embedding them in a framework of ecological transition and 
long-term economic competitiveness. The overall objective of 
the project is to identify the administrative and technological 
barriers that currently prevent SMEs (both craft and 
commercial) from reducing their water consumption in their 
respective activities. Through project-specifi c support, we 
will aim to improve the effi ciency of production practices and 
systems, using technological innovation and digital solutions 
to promote the sustainable use of water resources.

The fi rst step was the selection of companies wishing to 
participate in the project’s activities, as well as implementing 
a technical assessment for companies with high water 
consumption, and fi nally, creating a technical task force that 
will support the project partners in order to observe, share, and 
strengthen the skills implemented within the GAG   project.

A company to be defi ned as MSMEs must have no more 
than 10 employees, they can’t have any link with agriculture 
activity, only with industrial process.

Water footprint and MSMEs

The main goal of this project is to support micro and 
small enterprises (MSMEs) in reducing their water foot print, 
reducing the volume of water during their own operations 
and decreasing the discharge of wastewater. A way to reach 
this purpose is to cut their own supply-chain water footprint 
through supplier’s agreement or changing supplier. Further 
step is to share this goal with consumers [3]. Goutteagoutte/
Gocciaagoccia project (GAG) is based on supporting MSMEs in 
the reduction of consumptive water use during agro-industrial 
production and fi nd a sustainable and effi cient water-saving 
appliances [13,14].

Risks that these enterprises might face are a freshwater 
shortage affecting their production and caused by less 
precipitation, their image can be affect by a lack of sustainability 
due to the large use of water, problem about pollutants and the 
amount of discharged wastewater in the environment. These 
risks are also a very important fi nancial one. (Figure 3). 

GAG project advancing MSMEs

This project is an Interreg2 ALCOTRA3 programme between 
two areas, France and Italy (Alpes-de-Haute-Provence, Alpes-
Maritimes, Cuneo, Imperia). (Figure 4). 

MSMEs are the main character of this project; their water 
needs are increasing signifi cantly, especially in the food and 
agri-food sector, even as the population grows and climate 
change intensifi es water stress across the cross-border area. 
To support this project there are also Aix-Marseille université, 
PoliTo; Chamber of Commerce in Cuneo, Turin and Nice; and 
Chamber of Trade and Craft in Provence -Alpes-Côte d’Azur.

Summer 2022, 2023 and 2024 showed a constant increasing 
of the temperatures, this phenomenon is a signifi cant 
indicator for climate change, in particular in Europe and 
in the Mediterranean basin [15-18]. These summers were 
characterised by drought, successive waves of extreme heat, 
repeated wildfi res—the effects of climate change are being 
felt, affecting daily life and agriculture activity. Therefore, 
there is a tense situation, oscillating between restrictions to 
protect the resource for everyone, territories declared in a state 
of emergency, rising prices, and poor resource management 
in certain activities. By 2050, surface water resources could 
decline by 30 to 40%. To reverse this trend, companies must 
take large-scale and urgent measures to preserve, store, 
and use water more effectively. In addition, the hydrological 
anticipation and monitoring committee indicates that possible 
future prefectural orders could signifi cantly restrict certain 
water-intensive activities, which would in turn lead to business 
closures, job losses, and a severely weakened economic fabric. 
This additional risk, combined with the COVID pandemic, 

2Interreg co-funds shared solutions for common challenges that cross 
borders and require cooperation between organisation from different 
countries. (https://interreg-alcotra.eu/fr/presentation-du-programme)
3Latin Alps Cross-border Cooperation (https://interreg-alcotra.eu/fr/
presentation-du-programme)

Figure 3: Average global water footprint of the products we consume daily (https://
globalaspect.wordpress.com).

Figure 4: Interreg Alcotra area between Italy and France. (https://nosalpes.
eu/2024/02/29/mission-carb-0-piemonte-savoia-e-regione-del-sud-verso-la-
decarbonizzazione-industriale). 
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Creation of a GAG pilot group: companies in the food 
sector wishing to implement a water consumption reduction 
approach and receive strong technical support. This pilot group 
is participating in training activities, visits to cross-border 
construction sites, working meetings, etc., stemming from the 
project’s work packages.

Creation of a technical and scientifi c committee with 
water operators mobilized for specifi c actions based on their 
expertise This technical committee is a valuable resource for 
the project; partners will be able to rely on this committee, but 
also anticipate needs and obstacles that could hinder project 
activities, and develop winning strategies for businesses and 
the project’s implementation.

These pilot projects will allow for the practical application 
of tools with constant data monitoring, in order to understand 
the progress made by the project.

Implementation at demonstration sites will prove the 
technical and economic feasibility of reusing wastewater or 
treated water and will encourage replication projects.

The monitoring activities will consist of setting up tracking 
tools (sensors, laboratory and data visualization equipment) 
and developing expertise to ensure food safety, data reliability, 
and the effective presentation of results. 

This project includes the following actions:

Experimentation within pilot sites, of technical, 
technological, and behavioural practices for water conservation, 
water reuse/recycling in production, and water storage.

Launch of monitoring activities primarily using innovative 
technologies and activation of shared data reading and 
processing models for the pilot group of companies and directly 
linked to these construction sites.

Capitalizing on data collected on water consumption from 
the pilot group of companies before and after the project and 
the transferability of the systems implemented, particularly 
creating a maps of water consumption for these enterprises 
and a benchmark of companies offering a sustainable, effi cient 
and cost-effective solutions.

The fi rst step was to evaluating the presence of any 
leakages and suggestion about their reduction as a new and 
smart water meter, if it is necessary. During this evaluation, 
the industrial process will also be evaluated to determine the 
volume of water along the industrial process and if effi cient 
and sustainable solutions can be applied. To support them 
we looked for companies which can suggest different type of 
solutions, like software and/or new technology to reduce the 
amount of water along the production activity and the clean-
up of the area. 

Next step is entrepreneurs’ formation such as: explanation 
of the Italian and French law about the use of wastewater and 
the cost of water; the concept of sustainability and climate 
change, a visit in a waste-water treatment facility and the last 

one is a technical workshop on cross-cutting technologies for 
water saving. Last step concerns the involvement of enterprises 
in a pilot test to show the results about the wastewater re-use, 
supporting the circular economy principle. 

Creation of a GAG model assessment to defi ne companies 
water needs and expenditures. This assessment is a valuable 
technical tool for identifying companies’ needs, consumption, 
and areas for improvement. It was conducted on-site and 
carried out by water experts. The company has access to the 
recommendations, data, and areas for improvement resulting 
from the assessment. An important part is to support this 
project with communication trough offi cial and private social 
media (Facebook and Linkedin) but creating a website, too 
(https://www.interreg-alcotra.eu/fr/goutte-goutte-gag).

Our aim with this project is to establish a consortium of 
partners who will not only work together during the project, 
but also, and more importantly, continue to work together 
after its completion. Tools that we are committed to include 
the continuation and deployment of business diagnostics, 
hosting and maintaining the project’s observatory, monitoring 
water consumption data for businesses, and providing support. 

Conclusion

The growing pressure on freshwater resources—driven by 
population growth, climate change and intensifi ed droughts—
makes effi cient water management in the agro-industrial 
sector urgent. The water footprint framework (blue, green, 
grey) helps quantify both direct and supply-chain water use 
and pollution, enabling targeted interventions that are often 
more cost-effective when applied upstream.

The main goal of this project is to support micro and 
small enterprises (MSMEs) in reducing their water foot print, 
reducing the volume of water during their own operations 
and reducing the discharge of wastewater and the creation 
of a GAG assessment to defi ne companies’ water needs and 
expenditures.

The GAG initiative demonstrates a practical pathway: 
combine on-site diagnostics, pilot demonstrations, 
sensor-based monitoring and a technical support network 
to help MSMEs cut consumptive use, reuse treated water, 
and lower pollutant discharges. By focusing on supply-chain 
hotspots, sharing data through common platforms, and 
building cross-border technical capacity, small food businesses 
can both reduce risk from future water restrictions and improve 
long-term competitiveness.

For policymakers and funders, the lesson is clear: support 
scalable diagnostics, incentivize supplier engagement, and 
remove administrative and technological barriers that prevent 
SMEs from adopting water-saving solutions. For MSMEs, 
adopting the project’s pragmatic steps—measure, pilot, 
monitor, and replicate—turns water stewardship from a 
regulatory burden into an opportunity for resilience and cost 
savings.

In short, protecting freshwater in the ALCOTRA area and 
beyond requires coordinated action: rigorous measurement 
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(water footprinting), targeted technical support (GAG 
assessments and pilots), and sustained collaboration between 
businesses, experts and institutions to make water use both 
sustainable and economically viable.
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