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ABSTRACT 

 

This study focuses on the development of an energy model for a beverage production plant 

within the Food and Beverage sector, aiming to create a roadmap for achieving a reduction of 

C02 emissions by 2050. This industry sector is one of the largest consumers of energy and 

significantly contributes to global greenhouse gas emission, making the implementation of 

sustainable and energy-efficient strategies crucial.  

A key component of this study involves the use of an Excel-based model to define and analyze 

the plant's primary energy vectors. By assessing the current state of the facility, the model will 

identify the specific energy needs and consumption patterns. This detailed analysis will serve 

as the foundation for implementing a comprehensive plan to transition the plant to reduce 

impact operation. Through this model, various decarbonization scenarios will be created, 

considering the supply and demand dynamics of the plant's energy requirements.                                                                                                                                 

Simulation models are used to evaluate various technical and managerial solutions, including 

adoption of renewable energy sources, optimization of production processes and the integration 

of innovative technologies.  

The main aim of this research is the formulation of a clear and detailed roadmap that guides the 

plant towards carbon neutrality, aligned with global sustainability goals and European 

regulations. The roadmap outlines progressive steps, including investments in low-impact 

infrastructure, the transition to a cleaner energy and the reduction of energy intensity through 

operational efficiency. 
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1 FOOD AND BEVERAGE SECTOR ENERGETIC OVERVIEW 

 

1.1 STATE OF ART OF FOOD AND BEVERAGE SECTOR  
 

The food and beverage sector is a vital pillar of the global economy, deeply intertwined with 

cultural identities and the health of society. This industry includes a wide spectrum of activities, 

from agricultural production to the final consumer experience, making it essential for 

understanding both economic and social dynamics.  

F&B includes activities related to the distribution of food products in hotels, restaurants, kiosks, 

bars, shopping centers and practically anywhere it is possible to buy food for immediate 

consumption. 

F&B are quite different realities, all united by the serving of dishes and drinks in the same place 

(or in the immediate vicinity) where they are purchased and consumed. The expression, whose 

literal meaning is "food and drink", finds its more precise definition in the technical terminology 

HoReCa, an acronym for Hotellerie, Restaurant, Cafè. and coincides with the sector which 

includes the distribution of food products in hotels, restaurants and cafes (an item identified 

with catering activities), not to be confused with the large-scale retail sector (large-scale 

distribution Organized). 

The food and beverage sector is a crucial element of the economy, made up of several phases 

that intertwine with each other to ensure that food and beverages are available and of quality to 

consumers. 

First, there is primary production, which includes agriculture and livestock. Here, farmers grow 

a wide range of produce, from grains to fruits and vegetables, while ranchers are dedicated to 

the production of meat, milk, and eggs. This phase is crucial because it provides the necessary 

raw materials for the entire industry. 

Once the products have been harvested, we move on to transformation and processing. This 

phase is managed by the food industry, where raw materials are processed into ready-to-eat 

foods. For example, meat is processed, fruit can be made into juices or preserves, and bread is 

made from flour. Packaging plays a crucial role in this process, as it must ensure that food 

remains fresh and safe until it is ready to eat. 
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Distribution is the next step, where wholesalers and distributors take care of getting the products 

from the manufacturers to the points of sale. Wholesalers supply large quantities of products to 

supermarkets, restaurants, and other retailers, while distributors handle logistics to make sure 

products arrive at their destination efficiently. 

The last phase is retail, where consumers can buy food and beverages directly. Supermarkets 

and grocery stores offer a wide range of products, while catering, which includes restaurants, 

bars, and cafes, offers customers the chance to have meals and drinks in a social environment. 

An important aspect of the sector is that of beverages, which are divided into non-alcoholic 

beverages, such as juices and soft drinks, and alcoholic beverages, such as wines, beers and 

spirits. Each category has its own production and distribution process, which is just as complex 

as that of food. 

Finally, there is a growing focus on sustainability and innovation. Companies are increasingly 

looking to adopt sustainable practices, such as organic farming and the use of eco-friendly 

packaging. In addition, the introduction of advanced technologies, linked to the Fourth 

Industrial Revolution, is changing the way the sector operates, making processes more efficient 

and interconnected. 

In summary, the food and beverage sector is a complex and dynamic system, constantly 

evolving to meet the needs of consumers and face the challenges of the future. 

1.2 KEY COMPONENTS OF THE FOOD AND BEVERAGE SYSTEM 
 

1. Agricultural production 

 This is the fundamental stage in which raw materials are grown. It includes 

agricultural activities for crops, livestock and aquaculture. The quality of 

agricultural products directly affects the entire food supply chain. 

2. Food Processing 

 In this step, the raw ingredients are transformed into consumable products. This 

includes tasks such as canning, freezing, and packing. The processing industry 

must comply with strict safety and quality standards to ensure the health and 

satisfaction of consumers. 
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3. Logistics and Distribution 

 Efficient logistics are crucial to maintaining the integrity of food products 

throughout the supply chain. This includes storage, transportation, and inventory 

management. Cold chain logistics are especially important for perishable goods, 

requiring controlled temperatures during storage and transportation. 

4. Retail & Food Service 

 This segment involves selling food products directly to consumers through 

various channels, including supermarkets, restaurants, and online platforms. 

Retailers must adapt to changes in consumer preferences, such as the growing 

demand for organic and specialty foods. 

5. Regulatory framework 

 The food and beverage industry is heavily regulated to ensure food safety, 

quality, and environmental sustainability. Standards such as ISO 22000 provide 

guidelines for managing food safety throughout the entire supply chain. 

1.3 INDUSTRY CHALLENGES 
 

 Supply Chain Disruptions: Recent global events have highlighted vulnerabilities in 

supply chains, affecting everything from ingredient availability to distribution 

efficiency. 

 Sustainability Concerns: There is increasing pressure on companies to adopt 

sustainable practices, reduce waste, and minimize their environmental impact. This 

includes initiatives to reduce food waste and improve resource efficiency throughout 

the supply chain. 

 Trends in Consumer Health: The growing awareness of health and nutrition has led 

consumers to seek healthier options, prompting companies to innovate their product 

offerings. 

As consumer preferences evolve and market competitiveness increases, it is crucial to examine 

the structure and composition of this industry. The agri-food industry is of fundamental 

importance in Italy, being the second manufacturing sector and contributing 13% to industrial 
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production with a turnover of 132 billion euros (Ministry of Economic Development, 2021). 

This sector is constantly evolving and must adapt to the new preferences of consumers, who 

today prefer organic, nutritious and minimally processed foods (ANSA, 2018; Eurostat, 2019). 

It also addresses significant challenges, such as the demand for greater sustainability and the 

impact of the Fourth Industrial Revolution, characterized by the introduction of advanced 

technologies. 

Sustainability, understood as a continuous process of care and conservation of resources, is a 

central objective. Sustainable development, defined in 1987 in the Bruntland Report, aims to 

meet current needs without compromising those of future generations, and is based on three 

dimensions: social, economic and environmental. Over the past 50 years, many efforts have 

been made to promote sustainable development, culminating in the 2030 Agenda approved by 

the United Nations in 2015, which sets 17 goals to be achieved by 2030. 

The food sector has a significant impact, particularly at the environmental level, due to high 

greenhouse gas emissions, intensive land use and food waste, with one-third of the food 

produced globally ending up wasted (FAO, 2021). Packaging, often made of plastic, is essential 

to prevent food waste, but its inadequate disposal causes pollution. 

In addition, the industry is facing the Fourth Industrial Revolution, which leads to increased 

digitization and automation of processes. Technologies such as augmented reality and 

collaborative robots are changing the manufacturing landscape. Food companies will therefore 

have to reinvent themselves and adopt new methods to remain competitive. 

Within it, the food and beverage industry consist of various segments, including manufacturing, 

processing, distribution, and retail. Each of these components plays a significant role in 

ensuring the availability of diverse food products, while navigating complex supply chain 

dynamics. The interactions between these segments not only affect operational efficiency, but 

also pricing strategies and consumer access to goods. 

 

 

 

 

 



7 
 

Importance of Cost Structure 

Understanding the cost structure of the food and beverage industry is equally important. The 

industry faces a multitude of cost factors, including raw materials, labor, marketing, and 

overhead. These costs are subject to fluctuations determined by economic conditions, 

regulatory changes, and changes in consumer demand. Analyzing these elements offers insights 

into the challenges and opportunities that companies face in maintaining profitability and 

sustainability. 

1.4 RECENT TRENDS AND EXTERNAL IMPACTS 
 

In recent years, the food and beverage industry has experienced notable performance trends 

influenced by various external factors. The COVID-19 pandemic, for example, has had 

profound impacts on consumer behavior and market dynamics, prompting companies to quickly 

adapt to new realities. As we move forward, it is essential to assess how these trends will 

continue to affect the industry and what challenges lie ahead. It is worth remembering that the 

sector we are considering has suffered serious repercussions during the pandemic emergency, 

if possible to an even greater extent than others, as it is specifically linked to outdoor activities 

and in company. 

According to the Annual Report prepared by FIPE-Confcommercio for the year 2021, in the 

two-year period 2020-2021, 45 thousand companies ceased operations, while 34.1% of those 

still operating declare that they have a lower number of employees than in 2019. 

However, there is no shortage of signs of recovery, which is inevitably expected to be massive, 

at least in the short term. In terms of turnover, the year 2021 closed with an increase of 22% 

compared to 2020 (although below 22.4% compared to 2019). 

In addition, the sector is now facing another major challenge, a consequence of the generalized 

effort of companies towards the ecological transition and which will result in greater consumer 

attention to healthy food with low environmental impact.  

Not to mention that in Italy the number of vegetarians and vegans, which has been growing for 

years, now amounts to 8.3% of the population, an impressive slice that cannot be ignored. 

Also, according to the FIPE-Confcommercio report, the public sector employs 876 thousand 

workers in Italy, of which 796 thousand are employees. These are mainly young people: about 

40% are under 30 years old and 62% under 40. 
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In general, 79% of the employment of the entire "Hotels and public establishments" sector is 

attributable to catering activities.  

There are 112,751 registered businesses run by women (52.2% restaurants, 46.8% bars and 1% 

canteens and catering), equal to 28.5% of the total. Those managed by young people under 35 

are 50,952, equal to 12.8% of the total, distributed as follows: 

 58.0% restaurants; 

 41.4% bar; 

 0.6% canteens and catering. 

On the other hand, there are less than 50 thousand companies with foreign owners, equal to 

12.6% of the total. 

As far as distribution on the territory is concerned, public services are well present throughout 

the Peninsula, with 3 regions in particular in which a large number of companies are 

concentrated: 

 Lombardy (14.8% of the total number of companies); 

 Lazio (10.8%); 

 Campania (10.1%). 

The costs of raw materials represent one of the most significant items. Ingredients, such as 

grains, meat, fruits, and vegetables, form the basis for food and beverage production. The price 

of these commodities can vary greatly based on the season and market conditions. For example, 

a bountiful harvest can bring down prices, while adverse weather events can cause them to rise.  

The food cost, which represents the cost of the raw materials used for the preparation of the 

dishes, affects on average 28-30% of the final sale price. It is crucial to monitor this value to 

ensure adequate profit margins. An ideal food cost should not exceed 30% of total turnover. 

Similarly, beverage cost is about the costs associated with beverages, both alcoholic and non-

alcoholic, and must be managed carefully, as it can significantly affect profit margins. 

Moving on to the production phase, labor costs come into play here. The wages and benefits 

for workers involved in the production process, from processing to packaging, represent a 

significant investment. Added to these are the costs for energy, necessary to power the 
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machines and maintain the operational facilities, and those for the maintenance of the 

equipment, which must always be in excellent condition to ensure efficiency. 

We cannot forget about the packaging costs. Packaging is essential for the preservation and 

presentation of products and must comply with strict food safety regulations. These materials, 

therefore, are not just a cost, but a fundamental aspect for the quality of the final product. 

When it comes to distribution, logistics costs are crucial. Transporting goods from production 

sites to points of sale involves significant expenses, as does managing the warehouses where 

products are stored. Proper management of these costs is essential for maintaining an efficient 

workflow. 

Additionally, businesses must consider marketing and sales costs. Product promotion is vital 

to attracting consumers, and this involves investing in advertising and promotional campaigns.  

Another key aspect concerns compliance and regulatory costs. Companies must comply with 

health and food safety regulations, which can result in expenses for audits and certifications 

necessary to operate legally and safely. 

Finally, there are indirect costs, such as rent and utilities, which represent overhead operating 

expenses. These costs, while not directly related to production, significantly affect the 

company's balance sheet. 

All of these factors not only affect operating costs, but also affect pricing strategies. Companies 

must be prepared to adapt to market fluctuations, which can increase costs and, consequently, 

consumer prices. In addition, there is a growing focus on sustainability, which, while it may 

initially increase costs, can lead to long-term savings and a better brand image. 

In conclusion, cost management in the food and beverage industry is a complex but fundamental 

task. Every aspect, from production to distribution, must be monitored and optimized to ensure 

the profitability and competitiveness of the company in the market. 
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1.5 MARKET PERFORMANCE IN THE FOOD AND BEVERAGE SECTOR 
 

Looking to the future, the food and beverage industry is poised for transformation, driven by 

emerging trends such as sustainability, health-conscious consumption, and technological 

innovation. These factors will not only redefine market strategies, but also shape consumer 

expectations. By exploring these themes, this chapter aims to provide a comprehensive 

foundation for understanding the complexities and evolving landscape of the food and beverage 

industry. 

Over the last thirty years, the world demand for Food & Beverage has embarked on a path of 

rapid expansion, supported by the progressive demographic and income increase on the 

international scene. Particularly significant is the tone of growth inaugurated in the post-

pandemic period, which, also thanks to inflationary dynamics, has brought the value of 

international trade in the segment closer to the threshold of 700 billion euros in 2023 (see Fig.1) 

 

Figure 1 - World demand for Packaged Food and Beverages (1995-2023, billion euros) 

Source: ExportPlanning calculations 

 

The Packaged Food and Beverages segment has in fact shown resilience, containing losses in a 

decline in euros limited to -0.5%, and confirming its acyclical character. The most recent data, 

relating to 2023, also document a relative resilience of the sector in a context of slowing world 

trade. Demand for Food & Beverage closed last year with an increase of 3% in euros and a 

"contained" decline of 2.5 percentage points in real terms (at constant prices), i.e. net of 
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inflationary effects (Fig.2). The result appears particularly significant, not only because it is 

part of a long-term dynamic of strong growth, but also because it follows a two-year period of 

sustained real increases. 

 

Figure 2 - Growth rates of world demand for Packaged Food and Beverages (annual change in euros and quantities) 

Source: ExportPlanning calculations 

 

In the face of the picture just described, the Export Planning forecasts for the current year also 

appear positive. Thanks to the gradual return to growth and the mitigation of inflationary 

effects, in 2024 world demand for Food & Beverage is expected to reach 734 billion euros, an 

increase of 6% compared to 2023. 

However, the geography of growth will appear to be differentiated in terms of products and 

target markets. This will be a factor to be taken into consideration, also by virtue of the 

importance that the sector plays in being representative of Made in Italy in the world. 

The graph below shows the major world geographies, ordered by an expected increase in 

imports of Packaged Food and Beverages in 2024 compared to 2023. 
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Figure 3 - Expected increases in 2024: absolute change in 2023 for the major markets (million euros) 

Source: ExportPlanning calculations 

In view of their importance, there are three markets that dominate the ranking: the United 

States, with an expected increase of about 5 billion euros, the United Kingdom, for an 

expected variation of 2.8 billion euros, and, almost equally, Germany. 

In terms of dynamics, however, it will be the emerging geographies that will be characterized 

by the best growth rates. These include Vietnam and Mexico, for which an increase of more 

than 9% is expected, several ASEAN economies - such as Malaysia, the Philippines and 

Thailand - with variations of 7%, and finally Poland and Hong Kong, with variations above the 

overall reference average. 
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Asia: an increasingly significant role 

Growth estimates therefore confirm the growing centrality of Asian economies in global 

demand for the segment, with significant room for growth in the near future, especially in terms 

of dynamism. From 1995 to today, imports from the Asian area have in fact experienced a 

significant expansion, with an acceleration at the dawn of the Great Recession. The most 

relevant aspect is that there has been a progressive and solid increase in the higher price ranges. 

 

Figure 4 - Asia: import of Food & Beverage 

Source: ExportPlanning calculations 

 

China, Japan, South Korea, Hong Kong and Vietnam are the largest importers of Food & 

Beverage in the area, with an ever-increasing role carved out by the economies ASEAN. If the 

most recent quarters have seen a relative decline in Chinese imports, greater resilience has 

characterized the performance of Malaysia, the Philippines, Thailand and Taiwan. 

ASEAN Insight and a proposal for a strategic approach to the markets of the area 

Thailand, the Philippines, Malaysia, Indonesia, Singapore, Vietnam, Brunei, Laos, Myanmar, 

Cambodia are currently the 10 countries that adhere to the Association of Southeast Asian 

Nations: given the minimal growth of the European/Italian economy and the contraction of 

domestic consumption, ASEAN is increasingly capturing the attention of Italian and European 

exporters. 
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On the Italy/Europe side: governments and companies are working to probe markets, develop 

new commercial partnerships potentially able to cope with the economic instability of the 

moment. For this reason, attention to ASEAN has significantly increased in recent years as it is 

an area that continues to grow: over 600 million consumers, with an average age of around 30 

and a GDP in full health also in 2023 (Philippines, +5.6%, Vietnam and Indonesia, +5% 

Malaysia, Thailand and Singapore respectively 3.8%, 2.5%, 1.2%). The political dialogue 

between the various governments resulted in the formalization of the acceptance of Italy's 

candidacy (2020) as a Development Partner of the Association of Southeast Asian Nations, a 

position that is part of a broader European scenario thanks to the free trade agreements signed 

by the European Union with Singapore and Vietnam. 

On the ASEAN side: the Asian world is characterized by continuous change, thanks to the 

socio-political factors that affect domestic consumption and exports in the first place. In the 

face of frequent Sino-American tensions, many ASEAN countries are trying to maintain 

economic relations with China while maintaining political relations with the Americans, 

guaranteeing themselves freedom of action in the world's major markets. In this scenario, it is 

necessary to be quick in the adaptation processes otherwise there is a risk of being out of phase 

with respect to the critical issues and, likewise, to the opportunities that are generated.  

 The latter must be analyzed, in particular, country by country according to the wide and varied 

socio-cultural-economic geography to which fundamental factors such as: 

1. local production and any protection; 

2. composition of the population (age, income, education, etc.), mindset (experience, 

palate, cultural expressions, propensity for comparison), needs of the population in the 

light of long-term government plans which, for example, have the health and well-being 

of their citizens as a priority; 

3. attitude towards Italy and the perception of the Italian product; 

4. potential local Ambassadors (Chefs and/or others) and any presence/number of the 

Italian community on site; 

5. other possible factors. 
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In short, we should go beyond the vision of the country to which we would like to export as a 

huge supermarket shelf, or as an endless table laden with all the PDO, PGI delicacies, DOCG. 

It has been done a more analytical job that involves, upstream, the collection and analysis of as 

much information as possible starting from the aspects characterizing one's product (selling 

points) and its natural price positioning. 

A concrete example for an Italian producer of healthy F&B 

If a country indicates, among its Guidelines, the opportunity to prioritize the trade of healthy 

food products to prevent the onset of diabetes and/or cardiovascular disease, the strategy could 

be to meet local nutritionists/dietitians, articulate arguments tailored to the needs of the 

population, develop ad hoc bundles, present them to retailers and/or Chefs (chosen by 

positioning) and,  finally, meet importers with a good number of potential expressions of 

interest. In this way, the "best importer", future partner, is "offered" an interesting opportunity 

to increase his turnover and, finally, the expression WIN-WIN can be given shape. The timing 

and budget are obviously to be expected , but they would also be in the traditional way , and 

since they could be significant, it would be appropriate for our producers to work in a network 

also in order to become even more relevant in terms of the breadth and depth of the assortment, 

structured in a grid of opportunities for access to the market: from the entry price to the premium 

price. 

In summary, the food and beverage sector present significant challenges in terms of energy 

consumption and sustainability, but also opportunities to improve efficiency and reduce 

environmental impact. 

With an understanding of the dynamics of the food and beverage sector, it is essential to 

examine global energy consumption to better contextualize the challenges and opportunities. 
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1.6 GLOBAL ENERGY CONSUMPTION 
 

1.6.1 Typical energy mix of an industrial plant 
 

For the past 20 years, the European Union has been working towards the development and 

increase of the electricity production park from renewable sources to achieve these objectives 

and ensure responsible and competitive industrial production. 

An industrial plant adopts an energy mix, i.e. a balance between different energy sources, 

optimized to maximize efficiency and minimize environmental impact.  

The energy mix, according to the Energy Services Manager (GSE) is the set of primary energy 

sources used for the production of electricity supplied by sales companies to end customers. It 

describes the origin of the electricity sold by a wholesaler to a customer over a certain period 

of time. That is, it lists the different sources used to produce the energy sold and indicates the 

percentage of contribution for each source. 

The sources are divided into:  

 Primary: i.e. those present in nature before being subjected to any transformation 

process. By custom, they are divided into renewable (or non-exhaustible) and non-

renewable (or exhaustible). Renewable sources are, for example, hydraulic, solar, wind 

and geothermal. Non-renewables, on the other hand, are nuclear fuels and fossil fuels, 

such as oil, natural gas, coal, etc. Today, to reach the amount of electricity needed for 

Italian needs, sources of both kinds are used. And every year the National Energy Mix 

tells us which sources there are and in what percentage, compared to the total, each of 

them has been used. 

 Secondary: i.e. energy sources also called derivative, since they are the result of the 

transformation of a primary energy source. Or the further process of transformation of 

a secondary source. 

Going into detail, common energy sources can be classified as follows:  

1. Electricity: It is one of the main sources of energy for industrial plants. It is used to 

power machinery, lighting, control systems, and other equipment. Electricity can come 

from a variety of sources, including fossil fuel, nuclear, hydroelectric, and renewable 

power plants such as solar and wind. 
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2. Natural Gas: Widely used for heating, steam production and as a fuel for some 

industrial processes. It is appreciated for its efficiency and lower CO2 emissions 

compared to other fossil fuels. 

3. Coal: Although declining due to environmental concerns, coal is still used in some 

industries, especially those that require large amounts of thermal energy. 

4. Petroleum and Derivatives: Mainly used in specific industries such as oil refining and 

chemical manufacturing. Oil can also be used for the generation of electricity and heat. 

5. Renewable Sources: The use of renewable energies such as solar, wind, biomass and 

geothermal is growing. These sources are particularly important for reducing the 

environmental impact and improving the sustainability of industrial plants. 

 

 

Figure 5 - The energy mix 

 

Looking at the data, whose source is the national TSOs,  of electricity production in 2019 of 

some of the main European countries (Italy – France – Germany – Spain), it is possible to 

understand some fundamental elements that characterize the different markets and the dynamics 

that are found on prices. 

 

 

 



18 
 

Italy: the main source for electricity production is natural gas (over 45%), renewables and 

hydroelectric produce almost 40% of total energy and coal has a role limited to less than 10%. 

 
 

Figure 6 -  Italian electricity generation mix 2019 (%) 

 

France: more than 70% is produced by nuclear, renewables and Cuban hydroelectric almost 

20%, while the remainder is produced by gas or other fuels. 

 

 

Figure 7 - French electricity generation mix 2019 (%) 
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Germany: more than 40% was produced from renewables and hydropower, coal has the role 

of primary fossil source (almost 35%), then nuclear and gas. 

 

 

Figure 8 - German electricity generation mix 2019 (%) 

 

From the graphs above we can see that the share of electricity production from renewable 

sources is significant (close to 40%) in all the countries considered, with the exception of 

France, where national policies aimed at maximizing nuclear profits have not yet allowed the 

green share to exceed 20%. 

In a generation park so rich in non-programmable renewable sources (in particular photovoltaic 

and wind), however, it is not possible to assume, in the short term, a complete decommissioning 

of traditional fuel power plants. 

Due to the non-programmability and frequent fluctuation of renewable output, in fact, it is 

necessary to combine renewables with programmable and flexible production plants, to meet 

demand at times when the sun or wind are not available. Precisely for this reason, natural gas 

is the preferable source of thermoelectric generation, both for the greater flexibility it offers 

compared to coal, for example, and for the lower amount of emissions produced in the 

combustion process. 

The high share of renewables in the generation mix, in addition to the need for flexible resources 

to integrate, has other less obvious implications. If with gas and coal the impact of the weather 
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factor is not significant compared to production, with renewables this takes on crucial 

importance. Sun or clouds, strong or light wind, rain or drought. 

These elements become more important as the penetration of renewables in the electricity 

production mix progresses, and for this reason the weather factor becomes even more forcefully 

among the elements that determine prices in the short term. 

The food and beverage sector is a major consumer of energy in industry, with a growing demand 

for sustainable energy solutions. This industry includes a wide range of activities, from food 

and beverage production to food and beverage processing and preservation. The adoption of 

renewable energy technologies can play a crucial role in reducing environmental impact and 

improving energy efficiency. 

In 2030, the food and beverage industry is estimated to use approximately 4.2 EJ (exajoules) of 

fossil fuels for process heat generation. In addition, it is expected to use around 1.3 EJ of 

renewable energy, mainly biomass and combustible waste. This sector has one of the highest 

percentages of renewable energy use in the fuel mix, with more than 40% of total energy 

consumption coming from renewable sources. 

 

 

Figure 9 - Energy consumption in industry by production sector (%) 

 

Between 2005 and 2016, for all national production sectors, drops in energy consumption of up 

to over 30% were observed: for food the decrease was 18%. However, 2016 and 2017 seem to 

be turning points: almost all sectors, in fact, have achieved significant increases in final 

consumption. 
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To understand whether consumption trends are linked to greater or lesser efficiency or to 

production trends, however, it is necessary to analyze energy intensity, i.e. the ratio between 

the sector's final consumption and added value: the lower the energy intensity, the more virtuous 

the sector. For food in the years from 1996 to 2016, a limited reduction in energy intensity of 

7.1% was observed, with a recovery (+1%) in the years 2015-2016. On balance, the sector 

shows a high energy intensity and, consequently, wide possibilities for efficiency. 

 

 

Figure 10 - Final energy intensity in industry 

 

The food system brings together a complex set of activities that deal with the processing of raw 

materials, not to mention the agricultural sector and distribution. An idea of the variety of 

activities in the sector can be found in the following table for the end of 2017. 
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Figure 11 - Classification of food industries based on the Ateco code 

 

The variety of activities in the food industry involves very diverse energy uses. Suffice it to say 

that according to RSE (Research on the Energy System) the energy consumption associated 

with 1 kg of ready-to-eat food varies from a minimum of 0.5 kWh to a maximum of 61 kWh, 

depending on the type of food (animal or vegetable), cultivation and processing techniques and 

transport. 

This is followed by post-process operations, such as packaging and storage in a protected 

atmosphere, necessary to distribute food from the production sites to distributors and 

consumers. 

The beverage and food sector is highly energy-intensive and water-intensive, with a significant 

impact on greenhouse gas emissions and the consumption of natural resources. However, the 

adoption of decarbonization and resource efficient management techniques can significantly 
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reduce these impacts, contributing to a more sustainable future.  The goal is ambitious: to 

achieve net zero emissions by 2050. This sector is crucial because it contributes significantly 

to global CO₂ emissions, and therefore its transformation is essential to address climate change.  

Currently, the food and beverage sector in Europe generates around 94 million tons of CO₂ 

equivalent per year. This represents 11% of total food value chain emissions. To give an idea 

of the scale, these emissions are almost equivalent to those of the whole of Belgium. Most of 

these emissions come from energy use: about two-thirds of the energy consumed is in the form 

of heat, while one-third is electricity from the grid. Interestingly, a significant portion of 

electricity is used for cooling, a distinctive aspect of the food industry compared to other 

industries. 

The food and drink sector also has great potential for the use of bioenergy and waste. Food 

waste can be converted into biogas through anaerobic digestion, a process that produces a 

mixture of methane and carbon dioxide. This biogas can be used to generate electricity and 

heat, reducing dependence on the electricity grid and contributing to energy sustainability.  

Food is the most important sector of the manufacturing industry in the European Union, with a 

presence of small and medium-sized enterprises of over 90% distributed mainly in Southern 

Europe (only 1% of companies in the sector can be classified as "large companies"). Italy, in 

particular, is going through a positive period: in 2017 the turnover of the food industry reached 

137 billion euros, with an increase of 2.6% compared to the previous year. A result that has no 

equal in the last decade, driven above all by exports (+6%), which confirms the appreciation 

for the quality of national products. The number of companies in the sector reached 58,413 

(+0.2% on 2016 and +3.5% on 2010) and is worth almost 12% of the total industry. 

In the coming decades, a major challenge arises for the sector worldwide. The FAO (Food and 

Agriculture Organization of the United Nations), in fact, has predicted that the world population 

will rise to over 9 billion in 2050 and that it will therefore be necessary to produce 70% more 

food. 

The food sector, from agricultural production to distribution and consumption, has a significant 

impact on global energy consumption. Agriculture alone consumes about 200 Exajoules of 

energy per year, a value that exceeds the national energy demand of countries such as China or 

the United States. When considering the entire life cycle of food, from farm to fork, food 

production is responsible for about 30% of global energy consumption. 
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The graph shows the indicative energy consumption of the agri-food sector by type of energy 

source. 

 

 

Figure 12 - Main consumption concerns gas and electricity. 

 

Knowing the specific consumption values of one's business is essential not only to adopt 

efficiency actions, but, even before that, to assess the level of competitiveness and set up new 

growth strategies. The timely collection of consumption information relating to all machinery 

and processes, in order to identify any critical issues and assess the feasibility and economic 

convenience of the actions to be taken, is carried out through the energy diagnosis (or energy 

audit). With the energy audit it is possible to: 

 Define the energy balance of the company or production site; 

 Identify the inefficiencies of the plants/processes also following comparisons with 

industry benchmarks; 

 Identify efficiency measures; 

 Evaluate the technical feasibility and economic return of an intervention; 



25 
 

The energy audit, mandatory for large companies and energy-intensive companies (Legislative 

Decree 102/2014), can be requested by any structure that wants to focus on savings. The 

analysis must be carried out by an authorized figure such as an EGE (Energy Management 

Expert) or a certified ESCo. 

In the face of growing demand and constant international competitiveness, the domestic food 

industry must also rethink products so that they use fewer resources (energy, water, raw 

materials) and have a low ecological footprint. Actions should focus on the following aspects: 

• Sustainable procurement and full exploitation of agricultural raw materials; 

• Efficient use of resources and reduction of emissions; 

• Optimization of packaging and correct management of post-use packaging; 

• Policies and actions aimed at preventing waste and promoting sustainable development. 

 

The food system is the largest land user on the planet. For example, vineyards occupy about 7.5 

million hectares of land, while cereals are grown on 700 million hectares, an area twice the 

geographical size of India. This intensive land use has a significant impact on the environment, 

contributing to biodiversity loss and land conversion. 

From an energy point of view, the Italian agri-food sector has high consumption, equivalent to 

about 11% of industrial consumption (data from the Annual Report on Energy Efficiency of 

Enea 2018). The effort of companies in the sector, which have long been oriented towards 

diversifying energy sources and increasing the contribution of renewables, must therefore 

continue with the search for innovative solutions that allow energy consumption and costs to 

be lowered. The goal is to provide useful information to operators in the food industry to guide 

them towards efficiency. By analyzing the consumption of the sector in relation to the different 

processes, indicating how to carry out an energy diagnosis, an overview is provided of the 

recommended interventions to improve performance and the economic incentives available to 

reduce the cost of the investment.  

Another critical aspect of the food sector is waste. More than a third of the food grown, procured 

and processed is wasted, representing an unacceptable loss of resources and nutrients. This 

waste occurs throughout the food supply chain, from agricultural production to distribution and 

final consumption. 
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Global food systems are directly implicated in some of the most pressing sustainability 

challenges. They contribute to 60% of biodiversity loss, 60% of land conversion, 70% of 

nutrient overload and 30% of climate change. In addition, the food system contributes to more 

than 50% of water eutrophication, a process in which lakes and rivers receive excess nutrients 

and begin to collapse. 

In the food and beverage industry, the processes that consume the most energy vary from 

industry to industry. In some sectors, pumps and fans are responsible for the majority of 

consumption. For example, in agriculture these are ventilation systems for animals, while in the 

dairy industry they are cooling and refrigeration. In other segments, the most energy-intensive 

processes are grinding and machining, e.g. grinding and centrifuging in sugar processing, or 

grain grinding in the ingredient sector. In the confectionery industry, burrs, troughs, 

compressors and mixers are the machines that consume the most energy. 

With a clear view of global energy consumption, we can now explore the European metrics 

adopted and the calculation of key performance indicators (KPIs). 

1.6.2 European metrics adopted, calculation of KPI’s. 
 

The Paris Agreement, finalized at COP21 in December 2015, established a key objective: to 

cap global temperature increases well below 2°C above pre-industrial levels, while pursuing 

efforts to limit the rise to 1.5°C to prevent the most damaging effects of climate change. To 

meet this challenge, the European Union (EU) and the UK have pledged to achieve net-zero 

emissions by 2050. As part of this commitment, in September 2020, the European Commission 

proposed a target of reducing the EU's net greenhouse gas (GHG) emissions by at least 55% by 

2030. This goal is designed to align with the EU’s broader Green Deal ambitions of achieving 

net-zero emissions by 2050. The Commission's assessment affirmed that this reduction target 

is both feasible and achievable. Achieving this ambitious goal will require decarbonization 

across all sectors, including the food and beverage industry. The EU Emissions Trading System 

(ETS) is a cornerstone of this strategy. The ETS mandates that companies obtain permits for 

each ton of CO2 they emit, which they must purchase through auctions, providing an economic 

incentive to cut emissions. Certain allowances are also granted to foster innovation in key 

sectors. Progress toward these objectives has been driven by improvements in energy 

efficiency, better water management, and more sustainable transportation and logistics. The 

shift to renewable energy, reduction of food waste, and a stronger emphasis on circular 
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economic principles, including the use of eco-friendly packaging, are equally critical. ETS, 

which regulates around 40% of the EU's greenhouse gas emissions and encompasses about 

11,000 power plants and industrial sites, is the world's largest carbon market. In April 2023, the 

system was reformed to further reduce emissions by 62% by 2030, compared to 2005 levels, to 

stay on track with the EU’s climate objectives These updates reflect the EU’s commitment to 

meeting its climate goals by ensuring that carbon-intensive industries transition toward more 

sustainable and low-emission practices. 

To reduce energy waste, it is necessary to acquire information with the use of an energy 

efficiency plan that includes defining and calculating the specific energy consumption of the 

activity, the definition of annual KPIs and the planning of periodic improvement objectives.  

The main steps to calculate KPIs are: 

1. Definition of Specific Energy Consumption: 

a. Calculate the specific energy consumption of the activity in terms of MWh/tonne 

of product. 

2. Production Data Collection: 

a. Multiply the production rates with the specific energy consumption to get the 

total annual energy consumption (MWh/year). 

3. Energy Consumption Breakdown: 

a. Collect indicative data on the percentage breakdown of energy consumption in 

electricity and heat for each sub-sector. 

4. Estimation of Greenhouse Gas (GHG) Emissions: 

a. Calculate the CO2e emissions generated by the electricity use of the grid by 

multiplying the electricity consumption by the CO2e intensity of the electricity 

grid. 

5. Planning of Improvement Objectives: 

a. Define periodic improvement targets and related actions to reduce energy 

consumption and improve efficiency. 

These steps provide a framework for determining energy efficiency and defining KPIs, ensuring 

continuous improvement of energy performance in the food and beverage industries. 

In conclusion, European metrics and KPIs provide a clear framework for measuring and 

improving energy efficiency in the food and beverage sector. 
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Key parameters for water and energy consumption across the F&B sector       

                                                                                                                                                                      

The FDM sector represents around 10% of the total industrial energy consumption in the EU-

28. Below are described the Key parameters able to define the energy and water consumption 

across the F&B sector.       

Energy consumption 

The calculation of specific energy consumption is based on the following equation: 

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =
𝑓𝑖𝑛𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑟𝑎𝑡𝑒
 

(1. 1) 

Final energy consumption is the total amount of energy consumed by the specific processes 

concerned during the production period, in the form of heat and electricity, expressed in 

MWh/year. 

Water consumption 

The calculation of specific water consumption is based on the following equation: 

𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 =  
𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑟𝑎𝑡𝑒
 

(1. 2) 

Where water consumption is the total amount of water consumed by the specific processes 

concerned during the production period, expressed in m3/year. 

Activity rate is the total amount of products or raw materials processed, depending on the 

specific sector, expressed in tonnes/year or hl/year. Packaging is not included in the weight of 

the product. 

After examining the metrics and KPIs, it is useful to compare energy consumption across 

different industrial sectors to identify best practices and areas for improvement. 
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1.6.3 Analysis and Comparisons Across industrial sector 
 

According to the 2018 Annual Report on Energy Efficiency by ENEA, which is based on 

Eurostat data, in 2016 the Italian agri-food industry absorbed a total of about 11% of the 

industry's final consumption, which is distributed as follows: 11.3% of electricity consumption, 

11.3% of LPG and 7.8% of diesel. If we consider the different sectors that make up the 

production chain (primary production, agro-industry, trade and services), it is one of the most 

energy-intensive sectors in terms of total energy consumption, after mechanical, steel and 

chemicals. 

The sector is extremely diverse, encompassing numerous sub-sectors such as bakery, meat and 

poultry processing, brewing and malting, fruit and vegetable processing and preservation, dairy 

and cheese production, sugar and confectionery production, and oil and fat production. Each 

sub-sector has specific energy needs, which vary according to the production processes used. 

The food industry is characterized by significant energy consumption: at European level (EU-

28), it is estimated that they are worth, including all processes from transformation to 

distribution of products, 12% of the primary energy consumed by the entire European industry.  

The food sector is characterized by a great diversification of products, each with a specific 

energy requirement. 

Here is a graphical representation of energy consumption in the different subsectors of food and 

beverages: 
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Figure 13 - Energy consumption in the various food and beverage sectors 

 

Details of Energy Consumption by Subsector 

 Bakery: 5.54 TWh 

 Meat and Poultry: 5.11 TWh 

 Brewing and Malting: 4.19 TWh 

 Fruits and Vegetables: 3.42 TWh 

 Dairy products and cheeses: 3.41 TWh 

 Sugar & Confectionery: 3.37 TWh 

 Oils and Fats: 2.63 TWh 

 Drinks: 2.56 TWh 

 

For example, in the bakery industry, a large amount of energy is used to power ovens, which 

require high temperatures to bake bread and other baked goods. In the meat and poultry 

industry, energy is primarily used for cooking and refrigeration, which are essential processes 
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to ensure food safety and the quality of the final product. Brewing and malting require energy 

for malt cooking and fermentation, while dairy and cheese processing requires energy for 

pasteurization and refrigeration. 

Agricultural production and the supply of raw materials are highly dependent on fossil fuel-

based fertilizers. Modern agriculture uses fertilizers, pesticides, and herbicides to transform 

ecosystems, which has a significant impact on greenhouse gas emissions. For example, 

livestock production is responsible for 18% of global greenhouse gas emissions and 80% of 

anthropogenic land use. In addition, enteric livestock fermentation and manure management 

produce large amounts of methane. Agriculture is the largest consumer of water globally. 

Techniques such as precision irrigation can significantly reduce water consumption while 

improving crop efficiency. Efficient water management is crucial to reducing the environmental 

impact of agricultural production. 

The production of fruit and vegetables, especially frozen ones, is a large consumer of electricity 

and natural gas. Deep freezing is the process that uses the most electricity, with energy 

consumption ranging between 80 and 280 kWh per ton of frozen vegetables. Water 

consumption for fruit and vegetable production varies greatly. Energy consumption is affected 

by various factors, including the type of food being frozen, the temperature of the food at the 

entrance to the freezing tunnel, and the surface area of the tunnel. For example, bulky vegetables 

like cauliflower are harder to freeze than smaller vegetables like peas or diced carrots. 

 For example, for the production of French fries, the specific water consumption ranges from 

1.25 to 4.3 m³ per tonne of raw potatoes. Other potato products show water consumption 

ranging from 2.7 to 5 m³ per tonne of raw potatoes. 

The production of animal feed is also an energy-intensive sector. Specific energy consumption 

varies between products, with relevant activities such as pelletizing and heat treatment for 

salmonella decontamination requiring a lot of energy. The data show that the specific energy 

consumption for compound feed production is generally low, thanks to the adoption of energy 

efficiency techniques. The specific water consumption to produce compound feed is generally 

low. This is due to the adoption of water efficiency techniques that help reduce overall water 

consumption and improve the sustainability of operations. 

Food processing and processing are extremely energy-intensive processes. Food industries use 

energy for a wide range of applications, including steam or hot water production, drying, 

refrigeration, and cooking.  
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Steam plays a crucial role in many processes in the food and drink industry. It is used for 

cooking, sterilization, humidification, and drying. For example, steaming tunnels are used for 

cooking vegetables, rice, grains, seafood, and meat. Steam sterilization is essential to ensure 

that bottles and cans are free of contaminants before filling. Steam drying is used to remove 

excess moisture from foods such as fruits and vegetables, extending their shelf life. 

Some of the most energy-intensive processes include: 

 Cooking and Boiling: Used for the preparation of various foods, they require large 

amounts of thermal energy. 

 Refrigeration and Freezing: Essential for preserving food, they represent a significant 

part of energy consumption. 

 Drying and Evaporation: Used to remove water from food, they are energy-intensive 

processes. 

It is possible to trace the manufacturing processes of the food industry to 4 main phases: 

 Preparation of raw materials (sorting, washing, thawing, size reduction, mixing, 

extraction, etc.); 

 Treatment processes (soaking, fermentation, drying, pickling, aging, etc.); 

 Heat administration for cooking, pasteurization, sterilization, dehydration; 

 Cooling, cold stabilization of food and freezing. 

Food processing requires large amounts of water for cleaning, cooking, and other processes. 

For example, beer and beverage production requires water for bottle sterilization and for the 

fermentation process. The global food industry continues to produce highly processed foods, 

such as ready-to-eat meals, and sugary beverages, such as sodas. In addition, the production of 

these foods requires a significant amount of energy and natural resources.  

Taking sugar processing as an example to understand the potential savings. Sugar production 

is very energy-intensive and, therefore, sugar factories are often equipped with their own energy 

plants. These are generally cogeneration plants, which produce both steam and electricity. The 

amount of energy used varies at each stage of the process: for example, the preparation and 

grinding of sugar cane uses about 40% of all the energy consumed by the plant. However, many 

old factories use a lot of steam from cogeneration boilers to power their processes, resulting in 
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a high level of inefficiency. Converting steam processes to electrical processes can greatly 

improve energy efficiency.  

 

Figure 14 - Relative energy in sugarcane processing 

The production of soft drinks and nectars requires significant energy consumption, which varies 

depending on the installations. The data collected show that specific energy consumption values 

are generally less than 0.035 MWh per hectolitre of product. This energy consumption is 

influenced by various factors, including the efficiency of the technologies used and the 

operating practices adopted. 

Brewing is another industry with significant energy consumption. Breweries report a specific 

energy consumption of less than 0.6 MWh per hectolitre of product in most cases. The water 

recycling rate varies between 1% and 23%, depending on the operating practices adopted.  

Food distribution and retail require energy for refrigeration, lighting, heating, and space 

cooling. In supermarkets, for example, refrigeration systems can account for between 30% and 

60% of total electricity consumption. In addition, the transport of food, often over long 

distances, contributes significantly to greenhouse gas emissions. 

By comparing energy consumption across sectors, we can now delve into industrial energy 

solutions to improve efficiency. 
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1.6.4 Main Energy sources in the industrial sector 
 

In today’s industrial landscape, understanding the main energy sources used in a plant is crucial 

for optimizing operations and ensuring sustainability. Energy is the lifeblood of any 

manufacturing facility, powering machinery, processes, and systems that transform raw 

materials into finished products. The choice of energy sources not only affects operational 

efficiency but also has significant implications for environmental impact and cost-effectiveness. 

The primary energy sources utilized in plants can vary widely depending on the industry, 

geographical location, and technological advancements. Traditional sources, such as fossil 

fuels, have long dominated the energy mix, providing reliable power for various industrial 

applications. However, the growing emphasis on sustainability and carbon reduction has led to 

an increasing interest in renewable energy sources, such as solar, wind, and biomass. 

Each energy source comes with its own set of advantages and challenges. Fossil fuels, while 

currently abundant and relatively inexpensive, contribute to greenhouse gas emissions and 

environmental degradation. Conversely, renewable sources offer cleaner alternatives but may 

require substantial initial investments and infrastructure changes. 

As industries strive to reduce their carbon footprint and embrace more sustainable practices, 

the transition to a diversified energy portfolio becomes essential. This not only involves 

integrating renewable energy solutions but also optimizing energy efficiency within existing 

systems. By doing so, plants can enhance their resilience, reduce operational costs, and 

contribute to a more sustainable future. 

In this context, we will explore the various energy sources commonly used in industrial plants, 

examining their characteristics, applications, and the potential for future developments in 

energy consumption. This analysis will provide valuable insights into how industries can adapt 

and thrive in an increasingly energy-conscious world. 

1.6.4.1 Thermal energy 
 

Thermal energy plays a fundamental role in the industrial sector, powering numerous 

production processes such as heating, sterilization, drying, and material melting. It is primarily 

generated from fossil fuels (such as natural gas, coal, and fuel oil) and, increasingly, from 

renewable sources (such as biomass and solar thermal energy).  
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The techniques currently adopted in the sector are summarized as follows:  

Cogeneration Systems (CHP) 

Cogeneration systems, also known as CHP (Combined Heat and Power), are highly efficient 

because they produce both electricity and useful heat. These systems can achieve energy 

efficiency of up to 90%, optimizing the use of fossil fuels and reducing CO2, NOx and SO2 

emissions. For example, a CHP plant can generate 600 kWh of electricity and 600 kWh of 

thermal energy, with a total cost of about 1 million euros. 

Heat Exchangers 

Heat exchangers are devices that allow heat to be transferred from hot exhaust streams to cold 

incoming streams. Assume a pipe through which a hot fluid flows, such as wastewater from an 

industrial process. This pipe is surrounded by another pipe through which a cold fluid flows, 

such as water that needs to be heated for another process. The heat from the hot fluid is 

transferred to the cold fluid, heating it without the need for additional energy. This process 

significantly reduces the energy consumption required for heating. 

Heat Pumps 

Heat pumps are incredibly versatile devices that can extract heat from low-temperature sources, 

such as air or water, and raise their temperature for reuse in manufacturing processes. Assume 

a heat pump that takes heat from the outside air, even if it is cold, and compresses it to increase 

its temperature. This heat can then be used to heat water or air inside a building or industrial 

process. Heat pumps are particularly useful because they can work in both directions: they can 

heat in winter and cool in summer, making them extremely efficient. 

Steam generator 

Generally, in the food sector, medium-pressure steam generators (greater than 1 bar and up to 

15 bar) with three smoke passes (a conformation that allows better seasonal efficiency and 

lower emissions from the chimney), with a power between 0.5 and 20 t/h of steam, are used. 

The integral insulation of the system (including the smoke box, doors and plumbing 

connections) is essential to limit heat loss. Equally fundamental is the provision of heat recovery 

systems such as economizers and condensers. 
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Hot water boiler 

Similar to steam generators, the latest generation boilers that can be used for industrial 

processes and space heating are particularly efficient (up to 96%). Integral insulation and heat 

recovery devices take efficiency to the highest level (up to 100%). 

Solar Thermal Collector  

Solar thermal collectors consist of pipes or panels in which a heat transfer fluid circulates, 

usually water or a mixture of water and glycol. When sunlight hits the solar collector, the heat 

transfer fluid absorbs the heat, heating up. This hot fluid is then conveyed through a system of 

piping and heat exchangers, transferring the collected thermal energy to a storage tank or 

directly to the end uses. 

In industrial settings, solar thermal systems can be used to heat fluids used in industrial 

processes, such as sterilization, pasteurization, or washing. 

The use of this type of system leads to significant benefits such as energy savings, emission 

reduction and sustainability. As regards the first advantage, it reduces dependence on non-

renewable energy sources and contributes to the reduction of energy costs in the long term as it 

refers to an unlimited resource. With respect to the second aspect, these plants contribute to the 

reduction of greenhouse gas emissions and air pollution, improving air quality and mitigating 

the effects of climate change. Finally, when it comes to sustainability, solar thermal systems 

are a clean and sustainable form of energy, contributing to the promotion of greener living 

practices and the transition to a low-carbon economy. 

 

Figure 15 - A solar thermal system for direct heating to process equipment 

Source: IRENA 
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1.6.4.2 Electrical energy 
 

According to the Enea 2023 Annual Energy Efficiency Report, the food industry sector 

recorded a drop in consumption to 10.3% of the entire industrial sector. The food sector 

achieved a 27.1% reduction in energy intensity from 1995 to 2021, achieving the largest 

declines in the last year analyzed, i.e. 2021. A well-started optimization path that can be further 

refined, especially in the field of production. The indication comes from an in-depth analysis 

by the Energy & Strategy Group of the Politecnico di Milano, which in 2020 put the sector's 

needs under the magnifying glass. 56% of the total, in line with the industry average, is directed 

to production processes while 44% is associated with auxiliary services such as the use of 

technologies such as: 

Inverter  

Inverters are electronic devices that allow the bidirectional conversion of power between 

alternating current (AC) and direct current (DC). Although in common parlance the term 

"inverter" is often used to indicate devices that also include the rectification stage to interface 

with the AC grid, this meaning is formally incorrect. In fact, the true inverter is bidirectional, 

while the rectification stage is generally unidirectional. Inverters are high-efficiency machines, 

with efficiencies that can reach 99%. This makes them ideal for optimizing the operation of 

pumps, fans and other industrial machines, improving the overall efficiency of energy 

conversion and reducing pressure drops. The use of inverters also has significant environmental 

benefits. Regenerative braking, for example, reduces the need for mechanical brakes or electric 

rheostats, decreasing the footprint of cooling devices and improving overall energy efficiency. 

Inverters are essential in various sectors: 

 Industrial Drives: They allow you to adjust the torque, position, speed and power of 

rotating electric machines such as synchronous motors (traditional and brushless), 

asynchronous and dual power supply. 

 Electric Traction: Used in railway locomotives, subways and electric cars, where 

regenerative braking feeds kinetic energy back into the grid. 

 Power Generation and Distribution: Essential for extracting maximum power from 

renewable sources such as wind and photovoltaic, they stabilize power grids and allow 

power transmission over long distances with low losses (HVDC-VSC). 
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High efficiency motors  

In Europe, the classification of the efficiency of electric motors has undergone a significant 

evolution. Initially, the classification was based on a voluntary agreement using the test 

methods of IEC 60034-2:1996. This standard defined three efficiency classes: EFF3 for low-

efficiency motors, EFF2 for standard-efficiency motors, and EFF1 for high-efficiency motors. 

However, in 2008, the IEC updated this standard, introducing three new efficiency classes: 

 IE1: Standard efficiency, comparable to the old EFF2 class, but now outdated. 

 IE2: High efficiency, similar to EFF1, with efficiency values ranging between 75% and 

90%. 

 IE3: Premium Yield, with efficiencies ranging from 80% to 96%. 

Improvements in engine efficiency are mainly achieved by reducing losses in various 

components: 

 Stator and rotor cores: Approximately 50% of total losses can be reduced by using low-

loss steel or thinner foils. 

 Electrical conductors: Approximately 20% of total losses can be reduced by using 

conductors with increased cross-section or by changing the shape of the motor casing. 

 Friction in bearings and cooling system: Approximately 23% of total losses can be 

reduced by optimizing the geometry of the motors and reducing the size of the cooling 

system. 

High-efficiency motors offer many advantages: 

 Energy Saving: When coupled with inverters, they allow maximum energy savings and 

"soft start" of the motor, reducing peak absorption at start-up. 

 Noise Reduction: Less leakage means less need for cooling and therefore less noise 

associated with the cooling fan. The sound level decreases by a few dB(A) for low-

power engines and by about 10 dB(A) for larger engines. 

An alternative to replacing a broken motor with a high-efficiency one is extraordinary 

maintenance with the complete replacement of the winding. However, the repair results in a 

reduction in engine efficiency, estimated at between 0.50% for professional repairs and 1% for 
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standard repairs. In addition, the average life of engines subjected to maintenance is 

significantly reduced depending on the heat treatments to which they are subjected. 

Trasformer 

In the industrial context, chargers are often called rectifiers. These devices take alternating 

current (AC) from the mains, usually 220 or 380V, and transform it into direct current (DC) 

with voltages ranging from 12 to 80V and different amperages to recharge the batteries. A 

typical application of these chargers is to charge electric forklift batteries. 

Traditional chargers consist of two main components: a transformer and a rectifier. The 

transformer, operating at mains frequency, is bulky and heavy. The rectifier, which operates at 

high currents, tends to dissipate a lot of power in the form of heat due to Ohm's law. On average, 

a traditional charger can dissipate up to 44% of the energy drawn from the electricity grid in 

the form of heat. 

Another downside of traditional chargers is the lack of control over the voltage applied to the 

battery, which is directly proportional to the amplitude of the grid peak. This leads to a reduction 

in the useful life of the battery, a decrease in its capacity and a greater need for maintenance 

due to the evaporation of the electrolyte present inside it. However, these devices are reliable 

over time, easily repairable in the event of failures and have relatively low prices, often less 

than 1,000 euros. 

Cogeneration 

Various industrial processes require energy in the form of both electricity and heat. In 2014, 

Italian industry had an energy requirement of over 380 TWh, of which about two-thirds in the 

form of heat and the remainder in the form of electricity (source: Energy&Strategy Group, 

2015). Cogeneration, also known as CHP (Combined Heat and Power), is the simultaneous 

production of electricity and heat. This technology represents an interesting way of energy 

efficiency, particularly useful when industrial processes require both forms of energy. 

The most common technologies for cogeneration include: 

 Steam turbines 

 Gas turbines  

 Internal combustion engines 
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Renewable 

Renewable energy plants work thanks to energy sources from natural resources that do not run 

out over time and do not cause irreversible damage to the environment. This concept contrasts 

with non-renewable energy sources, such as oil and coal, which, in addition to being limited, 

produce emissions that are harmful to the environment. 

Renewable sources, therefore, play a crucial role in the current energy landscape, offering clean, 

sustainable and cost-effective solutions.  

Photovoltaic Systems in the Food Industry 

Photovoltaic systems represent one of the most innovative and sustainable solutions to produce 

electricity, and their application in the food industry is gaining increasing attention. In this 

context, we will analyze what these systems are, how they are used, and the benefits they offer. 

What Are Photovoltaic Systems 

Photovoltaic systems are systems that convert sunlight into electricity using solar panels. These 

panels are made up of photovoltaic cells, usually made of silicon, which generate electricity 

when exposed to sunlight. The systems can be installed on rooftops, land, and dedicated 

structures, and they can vary in size, from small residential systems to large industrial 

installations. 

How They Are Used in the Food Industry 

In the food industry, photovoltaic systems can be used in various ways: 

1. Self-Consumption of Energy: Food companies can use the energy produced by their systems 

to power machinery, refrigeration systems, and production lines, thereby reducing energy costs. 

2. Sustainability and Corporate Image: The adoption of photovoltaic systems helps improve 

corporate image by demonstrating a commitment to sustainable and responsible practices. 

Benefits of Photovoltaic Systems 

The integration of photovoltaic systems in the food industry offers numerous advantages: 

1. Reduction of Energy Costs: Self-generation of energy allows companies to significantly cut 

energy expenses, freeing up financial resources for other investments. 
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2. Energy Independence: Companies can reduce their dependence on external energy supplies, 

which may be subject to price fluctuations and availability. 

3. Environmental Sustainability: Solar energy is a renewable and clean source, meaning that 

the adoption of photovoltaic systems helps reduce CO2 emissions and the overall 

environmental impact of industrial activities. 

4. Incentives and Tax Benefits: Many governments offer incentives for the installation of 

photovoltaic systems, making the initial investment more accessible. 

5. Increase in Property Value: Companies that invest in renewable energy may also see an 

increase in the value of their facilities due to the adoption of modern and sustainable 

technologies. 

1.6.4.3 Water 
 

Water is essential for production processes in various industrial sectors for several reasons: 

Cooling 

Many industrial processes generate heat, and water is often used as a cooling medium. For 

example, in power plants, chemical factories, and metal manufacturing processes, water absorbs 

excess heat, keeping equipment at safe operating temperatures. 

Transport and Washing 

Water is an excellent solvent and is used for transporting materials and washing equipment and 

products. In the food industry, for example, water is essential for cleaning plants and for 

processing food. 

Chemical Processes 

In many industries, water is a key component in chemical processes. It is used as a reagent in 

chemical reactions and as a means of dissolving substances, facilitating the reactions needed to 

produce chemicals, pharmaceuticals and foodstuffs. 

Steam Production 

Water is used to produce steam, which is crucial in numerous industrial processes, such as in 

electricity generation and heating buildings and plants. Steam is also used in sterilization and 

pasteurization processes in the food industry. 
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Hydration and Nutrition 

In the agri-food industry, water is essential for agricultural production, influencing crop growth 

and food quality. In addition, it is necessary for food processing and storage. 

In the sustainability path of the food and beverage industry, water management is a critical 

factor. Water waste not only undermines the environmental efficiency of production processes 

but also incurs substantial economic costs. As a result, techniques designed to minimize water 

waste are increasingly being adopted, including systems such as: 

 Water Recycling and Reuse 

Water recycling and reuse are essential practices to reduce water consumption. For example, 

recovered condensate water can be used as feed water for boilers or for cleaning equipment. 

Additionally, the use of dry-cleaning systems, such as compressed air or suction systems, can 

significantly reduce water consumption. 

 Water Flow Optimization 

Optimizing water flows through measurement and control can reduce waste and improve 

efficiency. Sensors such as photocells can detect the presence of materials and activate water 

only when needed, thus reducing consumption during product changeovers and production 

stoppages. 

 

To summarize, global energy consumption varies significantly across industrial sectors, with 

the food and beverage sector representing a substantial portion of total consumption. 

After exploring energy solutions, it is crucial to consider sustainable practices and energy 

efficiency technologies specific to the food and beverage industry. 

1.7 SUSTAINABLE PRACTICES AND ENERGY EFFICIENCY TECHNOLOGIES IN  
F&B INDUSTRY 

 

Annual investment in the energy sector is expected to grow between 2% and 4% per year, 

reaching between $2 trillion and $3.2 trillion in 2040, in line with global GDP growth. 

However, despite decarbonization efforts, a significant proportion of investment, between 25% 

and 40%, will still be allocated to fossil fuels in 2040. 
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Although the energy transition is already underway, the future of energy is permeated with 

uncertainties, ranging from technological advances to geopolitical risks, to consumption 

dynamics. As a result, the complexity in formulating resilient investment strategies increases, 

as entrepreneurs must reconcile long-term decarbonization goals with short-term economic 

return expectations. 

Fossil fuels 

Analyzing fossil fuels, forecasts indicate a peak in global demand by 2030. Although demand 

for coal is expected to decline sharply, natural gas and oil will show growth in the coming years, 

remaining indispensable in the global energy landscape for decades. 

Renewable energy 

Renewables are expected to make up the majority of the energy mix by 2050, driven by their 

economic competitiveness. They are expected to contribute between 45% and 50% to global 

generation by 2030 and between 65% and 85% by 2050, with solar energy leading the way 

followed by wind power. 

To meet global climate commitments, it is therefore essential that businesses and governments 

make significant efforts to address the challenges related to the energy transition. These 

challenges include: 

1. Development of energy infrastructure: Targeted investments are essential for the 

construction of energy infrastructure that enables the large-scale adoption of sustainable 

and low-carbon energy sources. 

2. Accessibility for consumers: Eco-friendly solutions must be easily accessible and 

affordable for consumers to promote an effective transition to more sustainable 

practices. 

3. Responsible sourcing of sustainable land and materials: Addressing the limited 

availability of land and materials needed for climate initiatives requires a responsible 

sourcing strategy based on the sustainable management of natural resources and the 

search for environmentally friendly alternatives. 

The future of energy will be cleaner, it will be marked by new alternative energy sources that 

will bid farewell to the era of fossil fuels.  
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While it is already estimated that non-renewable resources will soon run out, it is also true that 

the development of energy storage systems is set to revolutionize the sector. And in this context, 

renewable energies will play an increasingly important role. 

As part of the  European Green Deal, which has estimated the achievement of zero climate 

impact for Europe by 2050  , one of the key targets to be achieved by 2030 to continue the 

actions undertaken with the 2020 Climate and Energy Package and accelerate the 

decarbonization process, include: the proposal to increase the intermediate emissions reduction 

target from the initial 40% to 55% (compared to 1990 levels); a share of at least 32% renewable 

energy; an improvement of at least 32.5% in energy efficiency. 

Rapidly implementing the energy transition and seizing the opportunity to revolutionize the 

management of the energy sector is one of the greatest challenges of our time to which all 

economic sectors, led by energy production, must contribute with their intentions and concrete 

actions. The change will be driven by the penetration of renewable energy with the application 

of the principles of energy efficiency: a driver of growth and development that Esa Energie, 

through the construction and management of photovoltaic plants, has made its own in over 

fifteen years of experience. 

In recent decades, emissions of carbon and other greenhouse gases have increased dramatically, 

exacerbating the climate emergency. The damage caused by climate change and achieved 

carbon neutrality by 2050, there is only one way to go: switch to renewable energy. 

The European Union's green push has seen several countries, first and foremost Germany, plan 

an imminent exit from coal/lignite electricity production (fuels that are particularly harmful 

from the point of view of emissions) and Italy itself has declared the same goal, planning the 

conversion of some large coal-fired power plants to exploit natural gas as fuel. 

Investments in renewables have been planned and sustained over time in order to make up for 

this future lower production from fossil fuels and to allow the reduction of emissions, in 

particular CO2, also in accordance with the EU's 2030 objectives. 

In recent years, incentives for renewables, initially implemented by the governments of the 

various countries through forms of support for revenues from the sale of the energy produced, 

have been progressively replaced by indirect incentives, more focused on the economic 

disincentive of the most polluting fossil fuels (support for CO2 prices is an example). The goal 

is grid parity, i.e. the economic convenience of investments in renewables without the need for 
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government support to ensure their attractiveness and this goal seems to be getting closer and 

closer. 

The push towards clean energy, however, is not only an impulse that comes from European or 

national policies but is becoming a need expressed by many consumers in recent years. The 

greater sensitivity to the issue of a sustainable future has meant that an increasingly significant 

share of customers, both civil and industrial, specifically request supply contracts with 

certification of the renewable origin of energy. 

Those who do not have the opportunity to physically install photovoltaic panels or wind turbines 

to self-produce the renewable energy they need, in fact, can request their supplier to purchase 

energy produced 100% from renewable sources, the certification of which consists of 

guarantees of origin, or "labels" that ensure the origin of the energy from a specific renewable 

plant. 

The future therefore is increasingly driven towards clean energy, sustainable choices, energy 

efficiency and attention to the environment. Although we will not be able to do without 

conventional technologies in the short term, we will see in the next 10-20 years the evolution 

of the energy mix, the development of renewable energy storage systems and the introduction 

of innovative technologies with a lower environmental impact such as hydrogen. 

 

1.7.1  Energy efficiency techniques 
 

In the food and beverage industry, there are several key technologies used to improve energy 

efficiency and reduce carbon emissions, such as heat recovery from condensing gases, the use 

of boiler economizers, the use of variable speed motors, and piping insulation. These techniques 

help reduce overall energy consumption and improve the sustainability of operations.  

Breweries, for example, use techniques such as wort steam condensers, boiler economizers, and 

heat recovery at various stages of the process. These techniques help reduce overall energy 

consumption and improve the sustainability of operations. Water consumption for brewing 

varies depending on the type of beer, the number of beer brands, and the size of the brewery. 

Most of the values reported are less than 0.6 cubic meters per hectoliter of product. The water 

recycling rate varies between 1% and 23%, depending on the operating practices adopted. 
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Precision agriculture, on the other hand, uses advanced technologies to optimize the use of 

agricultural resources, such as fertilizers and water, improving crop efficiency and reducing 

greenhouse gas emissions. Here are some specific techniques: 

 Sensors and Satellite Imagery: Used to monitor crop health and determine exactly 

where and how much fertilizer to apply. 

 Drip Irrigation Systems: They provide water directly to plant roots, reducing waste 

and improving water efficiency. 

 Manure management: Advanced manure management techniques can reduce methane 

emissions and improve soil quality. 

A list of energy efficiency improvement technologies is illustrated below:  

Process Automation and Optimization 

 Automation and Robotics: The use of automated machines for cutting, forming, 

mixing and packaging food products. These technologies improve efficiency and reduce 

operating costs. For example, robots can be used for volumetric and weight filling of 

containers, ensuring precision and reducing waste. 

 Process Optimization: Includes the use of advanced sensors and control systems to 

improve the management of production processes, reducing waste and improving the 

quality of the final product. Technologies such as remote condition monitoring and 

computer vision are used to improve operational efficiency. 

 

 Thermal Management and Heat Recovery 

 Heat Recovery: Technologies that recover heat from production processes to reuse it in 

other stages of the production process. This includes the use of heat exchangers and 

exhaust gas heat recovery systems. For example, recovering heat from air compressors 

and refrigeration systems can significantly reduce energy consumption. 

 

 Refrigeration and Freezing Technologies 

 Magnetic Refrigeration: An emerging technology that uses magnetocaloric cooling to 

reduce energy consumption. This technology is still under development but promises 

significant energy savings. 



47 
 

Sustainable Packaging Technologies 

 Active and Smart Packaging: Packaging that can extend the shelf life of food and 

monitor product quality. For example, modified atmosphere packaging can limit the 

exchange of respiratory gases, prolonging the freshness of fresh produce. 

 Edible Packaging: Packaging materials that can be consumed along with the food 

product, reducing waste. This packaging is made from biodegradable and edible 

materials. 

 

Waste Management Technologies 

 Resource Recovery: Technologies that allow valuable materials to be recovered and 

reused from production waste. For example, recovering protein from whey can reduce 

wastewater pollution and create new food products. 

 

Monitoring and Control Technologies 

 Remote Monitoring: Systems that allow you to monitor and control production 

processes remotely, improving operational efficiency. These systems use advanced 

sensors to collect real-time data and optimize processes. 

 Advanced Sensors: Used to monitor critical parameters such as temperature, humidity, 

and air quality, ensuring optimal conditions for food production. Spectrometry sensors 

can detect foreign bodies in food, improving food safety. 

Implementing sustainable practices is crucial, but it is equally important to quantify industry 

emissions to monitor progress towards decarbonization. 

1.8 AMOUNT OF INDUSTRY EMISSIONS 
 

The food & drink sector in the EU is responsible for the emission of 85 million tons of CO2 per 

year, most of which is due to energy use. Food waste is a fundamental issue, in 2021 58 million 

tons were wasted, equal to 16% of production, in 2022 there was a slight decrease, 57 million 

tons. This is equal to about 125 kg per inhabitant. The Waste2 Zero initiatives, promoted by 

FAO and other organizations, serve to induce companies to use suitable packaging, and citizens 

to make better use of the food they buy, 40% of plastic is recycled, with Italy, Spain and 

Slovenia leading the ranking, exceeding the European average. The percentage of agricultural 

https://www.fao.org/europe/news/detail/towards-a-food-waste-free-future/en
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land dedicated to organic production is also increasing, an area of 10% of the entire agricultural 

area. 

The quantities of emissions from the food and beverage sector can be broken down by different 

categories of energy use; Below is a detailed overview: 

1. Boilers: Boilers are responsible for 49% of the industry's emissions. This is mainly due 

to the generation of steam and hot water used in food production processes. 

2. Direct heating from fuel combustion: This accounts for 19% of emissions. It includes 

processes such as cooking and pasteurization that require direct heat. 

3. Engines: The engines used in the various production processes contribute to 16% of 

emissions. These motors are often used to drive machinery and equipment. 

4. Direct electric heating: This type of heating is responsible for 8% of emissions. It is 

used in processes that require precise and controlled heat. 

5. Refrigeration and air conditioning: These systems contribute to 6% of emissions. 

They are essential for keeping food products at safe temperatures during production and 

storage. 

6. Compressed air: The use of compressed air accounts for 2% of emissions. It is used in 

various manufacturing processes to operate pneumatic tools and other equipment. 

 

 
Figure 16 - Distribution of emissions in the food and beverage sector 
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In addition, food production processes such as canning and baking are particularly energy-

intensive. For example, canning uses 70% of the energy for boilers, while baking requires about 

60% of the total energy for ovens. 

These figures indicate that the majority of carbon emissions in the food and beverage industry 

are closely linked to steam and heat generation processes. Therefore, implementing energy-

efficient technologies, improving controls to ensure process optimization, and recovering and 

utilizing waste steam and heat can contribute significantly to reducing emissions. 

According to the European Court of Auditors, 26% of global greenhouse gas emissions are 

caused by food production, with the agricultural sector responsible for 10.3% of the EU's 

climate-changing emissions. To make responsible and sustainable consumption choices, it is 

possible to consider the carbon footprint of food products. The carbon footprint is an indicator 

that calculates the greenhouse gas emissions of a product measured in carbon dioxide equivalent 

(CO2e). In particular, the carbon footprint of a food product measures the total greenhouse gas 

emissions of a food, taking into account the entire life cycle (Life Cycle Assessment or LCA): 

production, packaging, storage, transport, sale, consumption and disposal. The global reference 

body is the Global Footprint Network, an international non-profit organization founded in 2003 

that offers standardized and easy-to-access tools, metrics and indications. 

To calculate the carbon footprint of food products, it is necessary to have a database of specific 

information and metrics, starting from reliable data to which mathematical formulas can be 

applied. In this way, it is possible to obtain the most accurate result possible, to correctly 

calculate the estimated greenhouse gas emissions of a food considering the entire life cycle of 

the product. 

Obviously, there are other indicators to measure the sustainability of food. For example, it is 

important to know what the ecological footprint is in the food sector, i.e. the set of natural 

resources used in the life cycle of a food. Unlike the carbon footprint, the ecological footprint 

calculates not only greenhouse gas emissions but also the overall environmental impact of a 

food product, considering both the resources needed to produce it and the Earth's ability to 

regenerate these resources and dispose of the waste generated. 

To understand which food the most environmentally friendly and which ones is involve the 

highest greenhouse gas emissions, consider a study recently carried out by the Financial Times 

based on data from CarbonCloud. 
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The analysis shows that the food that produces the most greenhouse gas emissions is beef, with 

21 kg of CO2 equivalent for each kg of product (KgCO2eq/kg); however, frozen shrimp also 

has a considerable climate impact with 19.9 KgCO2eq/Kg. 

Among food products based on milk and dairy products, cheese has an average carbon footprint 

of 14.2 KgCO2eq/Kg while mozzarella has an average carbon footprint of 8.7 KgCO2eq/Kg. 

Among the most sustainable foods there are of course plant-based foods, in fact products such 

as tomatoes (1.8 KgCO2eq/Kg), carrots (0.4 KgCO2eq/Kg) and apples (0.3 KgCO2eq/Kg) have 

a reduced carbon footprint. This clearly shows the environmental consequences of food 

consumption choices: reducing the consumption of animal-based foods and increasing plant-

based foods has a positive effect on the planet. 

As far as food production is concerned, according to the European Court of Auditors, 53% of 

greenhouse gas emissions come from animals, 29% from crops and 18% from the supply chain. 

In particular, just 5% of climate-changing emissions are caused by packaging, compared to 6% 

for transport, 8% for land use for human food and 31% for livestock farming and fishing. In 

any case, it is also possible to reduce the carbon footprint of food by intervening on food 

packaging, preferring eco-friendly alternatives such as eco-sustainable packaging. 

Another sustainability indicator that can be used is the water footprint, i.e. the amount of fresh 

water used to produce a food, by examining all the different types of water used during the 

production process (e.g. drinking, groundwater, rainwater). 

These metrics are developed by scholars and researchers and there is still a lack of a 

standardized process at global, European or even national level on the calculation of the carbon 

footprint. Most companies rely on organizations such as the Global Footprint Network, which 

provides easy-to-use tools that allow companies to calculate their carbon footprint and that of 

their products. 

Considering CO2 emissions in the food and beverage sector, below is a list of foods with the 

greatest environmental impact: 

 canned or otherwise preserved fruit and vegetables 

 lentils (with an index of 1.7) 

 Canned mushrooms (with an index of 2.4) 

 butter (with an index of 11.5) 

 cheeses (with an index of 7) 
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 cream (with an index of 5.3) 

 eggs (with an index of 3) 

 milk (with an index of 1) 

 a kilo of beef (with an index of 13.6) 

 chicken (with an index between 3 and 5) 

 aquaculture fish (with an index around 5) 

 wild fish (with an index of 3) 

 frozen fish (with an index of 10) 

 crustaceans (with an index greater than 12) 

Global food production is responsible for greenhouse gas emissions equivalent to over 17 

billion tons of CO2 per year: 57% comes from the production of foods of animal origin, while 

29% is due to plant foods. 

The environmental impact is greatest for cattle farms and rice crops, while the geographical 

areas that produce the most emissions are South America and Southeast Asia. The estimate is 

published in the journal Nature Food by an international group of experts led by the University 

of Illinois in which the Statistics Division of the FAO in Rome also participates. 

 

 

Figure 17 - Greenhouse gas emissions across the supplay chain in kilograms of carbon dioxide equivalents per kilogram of 

food 
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That is, the unit of measurement used to make the different climate-changing gases comparable. 

The European Data Journalism network, a data-driven journalism network of which InfoData 

is also a member, has tried to put the numbers of this phenomenon on paper. 

 

Figure 18 - Dietary emissions in the EU (+ United Kingdom) per food group 

Pollution is affected, and a lot, by the global agri-food system, which is one of the main sources 

of greenhouse gas emissions, contributing more than 25% to the global problem. A problem 

that could be absolutely more contained. According to FAO data, 14% of food is lost before 

marketing, while 17% – equal to 931 million tons – is wasted by consumers and/or retail. 

With a clear understanding of industry emissions, we can now explore decarbonization 

strategies to reduce environmental impact. 

1.9 DECARBONIZATION 
 

These technologies represent just a part of the innovations that are transforming the food and 

beverage sector, making it more sustainable and efficient. 

The decarbonization of the food and beverage industry, for example, presents both challenges 

and opportunities. Among the main challenges are high capital and operating costs for some 

decarbonization measures, uncertainty about energy costs and the need for adequate 

infrastructure for new fuels such as green hydrogen. In addition, many of the technologies 

needed to achieve net-zero emissions are not yet mature or economically viable. 
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Decarbonizing the food and beverage sector can lead to numerous benefits, including energy 

and carbon savings, cost reduction, environmental protection, and improved worker health. 

However, there are also many opportunities. For example, reducing greenhouse gas emissions 

in the industry can lead to reduced operating costs through more efficient use of energy. 

Additionally, consumers are increasingly environmentally conscious and value products with a 

reduced carbon footprint, which can translate into a competitive advantage for companies that 

adopt sustainable practices. Finally, there are a number of EU funding mechanisms available to 

support the transition to low-carbon technologies. 

Despite the benefits, there are several barriers to decarbonizing the food and beverage industry. 

These include financial and economic barriers, such as high costs and long investment cycles, 

organizational and managerial barriers, such as industry fragmentation and skills shortages, and 

behavioral and consumer barriers, such as a preference for carbon-intensive foods. 

To overcome these barriers, innovative policies and business models must be adopted. These 

can include carbon trading schemes, renewable energy incentives, feed-in tariffs, and sectoral 

agreements. In addition, business models such as financing through ESCOs (Energy Service 

Companies) and the use of green investment banks can help mobilize the financial resources 

needed for decarbonization. 

The three decarbonization scenarios for the food and beverage sector by 2050: 

1. Baseline (S1): This scenario envisages the continuation of current environmental 

policies without the implementation of the Green Deal. In this case, decarbonization 

would be limited and emissions would remain significant. 

2. Rapid Decarbonization (S2) scenario: In this scenario, the Green Deal is successfully 

implemented, leading to a significant reduction in emissions through the adoption of 

clean technologies and the use of renewable energy. 

3. Slow decarbonization scenario (S3): This scenario envisages a mixed implementation 

of the Green Deal, where some clean technologies only become economically viable in 

the long term. 

The different categories of decarbonization can be summarized as follows:  

 Energy management: This includes implementing energy management systems, 

regularly maintaining facilities, and training staff to optimize energy use. 
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 Decarbonization of combustion units: Use of cleaner fuels such as biogas and green 

hydrogen, and improvement of the efficiency of existing combustion units. 

 Heat electrification: Using heat pumps and electric steam generators to reduce reliance 

on fossil fuels. 

 Reduce heat demand: Implement heat recovery systems, thermal insulation, and 

optimize steam distribution systems. 

 Decarbonizing cooling: Using more efficient cooling technologies and reducing storage 

time to decrease energy demand for cooling. 

 On-site renewable energy generation: Installation of solar panels and other renewable 

energy production technologies directly at production sites. 

For manufacturers, it is crucial to monitor new regulations, use decision support tools to select 

the most effective decarbonization technologies, and consider the impact of CO₂ emissions in 

decision-making processes. For national authorities, it is important to ensure the 

decarbonization of the electricity grid, support the electrification of heat and facilitate access to 

technical information for companies. 

The proposed roadmap represents a key step in guiding the food and beverage sector towards a 

sustainable future, addressing the challenges of climate change and exploiting the opportunities 

offered by the transition to a low-carbon economy. 

Decarbonization strategies are fundamental, but it is also important to look at future trends to 

further improve upon the current situation. 
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1.10 FUTURE TRENDS FOR IMPROVEMENT COMPARED TO THE CURRENT 
SITUATION 

 

The food and beverage industry has a significant impact on energy consumption and the 

environment, but there are numerous opportunities to improve sustainability and reduce carbon 

emissions. Addressing these challenges will require an integrated approach involving 

technological innovations, behavioral changes and supportive policies. 

More and more often it is often considered biogas and green hydrogen as a useful combination 

to reduce emissions and give resilience to the national and European economic system.  

 Biomethane and hydrogen will play a key role in the energy transition that Italy, but more 

generally the whole of Europe, is implementing and that will see it engaged in the coming years. 

The objective can be summarized in various points: 

 Reduce greenhouse gas emissions, protecting the environment, health and the economy, 

the latter especially in relation to extreme weather events that will increasingly have a 

negative impact on national production (therefore GDP); 

 Increasing the resilience of the Old Continent. In fact, the production of biomethane and 

hydrogen can ensure that production takes place on European soil, avoiding or at least 

limiting the degree of exposure to the risk that the supplier drastically reduces the 

production of the energy raw material in question. As an example, just think of the oil 

shocks in the second half of the twentieth century and what happened more recently 

with Russia; 

 Stimulate domestic employment through public and private investments that can give 

new impetus to the European economy. 

Biomethane 

Biomethane is the result of the purification of biogas, the latter deriving from the decomposition 

process (technically anaerobic digestion) of organic waste materials, such as waste from the 

agricultural sector. Three aspects make this gas particularly useful for the transition: 

 Zero impact. Biomethane is made up of gases produced by the decomposition process 

of organic waste. Once burned, no additional amounts of greenhouse gases are released 

into the environment; 
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 Valorization of waste products. These are used as useful resources in production; 

 Implementation of the circular economy concept, with positive effects on employment. 

According to the European Gas Association (EBA), there are 1,322 biomethane production 

plants in Europe, while in 2021 there were "only" 1,023. In just two years, there has therefore 

been an increase of about 30% in the total number of biomethane plants, a symptom of a solid 

demand that must be met. 

Energy data management in the F&B sector presents several common challenges, even though 

each company has its own peculiarities. 

First, there's the issue of compliance: manufacturers must follow strict standards and regulations 

to ensure food safety.  

This involves continuously monitoring factors such as humidity and temperatures, as well as 

properly managing disposal and emissions, which requires information from different 

operational areas. 

Another challenge is managing energy consumption. Reducing energy consumption is key to 

reducing costs and minimizing environmental impact, but it requires effective data management 

to be truly effective. 

In addition, there is a need to synthesize energy data. Energy can be used in many ways, and 

companies need to develop innovative solutions to turn this information into useful and easily 

understandable data. 

Finally, it is crucial to act on the data collected. If information is not translated into concrete 

actions, such as optimizing processes to reduce emissions or planning energy use during off-

peak hours, its value decreases. Therefore, the ability to make informed data-driven decisions 

is essential for improving business operations and achieving sustainability goals. 

The F&B sector accounts for a significant portion of global energy consumption. The increasing 

focus on sustainability and energy efficiency is driving companies to adopt more responsible 

practices, helping to both reduce operating costs and improve environmental impact. 

The European Commission estimates that by 2030 , 350 TWh of biomethane could be produced 

per year, equivalent to 10% of natural gas consumption, which would help reduce CO2 

emissions by about 110 million tons, thanks to the replacement of fossil fuels and the capture 

of methane emissions from organic waste and manure. 
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Biomethane is seen as a key component to achieving the European Union's climate goals, 

particularly those of the "Fit for 55" package and climate neutrality by 2050. This renewable 

gas, derived primarily from anaerobic digestion and gasification, is considered one of the 

cheapest and easily scalable forms of renewable energy available today. 

The main biomethane production technologies are anaerobic digestion and gasification. 

Anaerobic digestion is a biological process that decomposes organic matter in the absence of 

oxygen, producing biogas (composed mainly of methane and CO2) and digestate, an organic 

fertilizer. 

Gasification, on the other hand, is a thermochemical process that converts dry biomass and 

municipal solid waste into syngas, which is then transformed into biomethane. 

In addition to the significant reduction in greenhouse gas emissions, biomethane production can 

create numerous jobs in rural areas, contributing to local economic development. This is 

particularly relevant for the agricultural sector, where biomethane can be produced using 

agricultural residues and organic waste, improving the sustainability of agricultural practices. 

The F&B sector is closely linked to the production of biomethane using organic waste and 

residues. Food waste from food and beverage production can be used as feedstock for anaerobic 

digestion, thereby reducing waste and uncontrolled methane emissions. Not only does this help 

to manage waste more sustainably, but it also contributes to the production of renewable energy. 

In addition, the biogenic CO2 produced during anaerobic digestion can be captured and used in 

the food and beverage industry, for example for beverage carbonation, reducing the need for 

fossil CO2. This represents a further step towards sustainability, as it allows the carbon cycle 

within the sector to be closed. 

The adoption of biomethane can improve the sustainability of the food supply chain, reducing 

the carbon footprint and promoting sustainable agricultural practices such as the "Biogas done 

right". This concept integrates sequential bioenergy crops and minimizes soil disturbance, 

improving soil quality and biodiversity. Sequential crops, grown between major crops, do not 

compete with food production and can be used to produce biomethane, thus increasing 

agricultural productivity without additional pressure on land resources. 

These include increasing the capacity of anaerobic digestion and biogas upgrading plants to 

achieve economies of scale, and technological innovation to develop pretreatment technologies 
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that unlock new feedstocks and improve process efficiency. In addition, it is crucial to 

implement long-term policies that incentivize biomethane production and reduce costs. 

In conclusion, biomethane represents a versatile and sustainable energy solution, with 

significant benefits for the environment and the rural economy. The F&B sector can benefit 

from integrating biomethane into its operations, contributing to a more sustainable supply chain 

and an overall reduction in greenhouse gas emissions. 

In addition to this energy raw material, which plays an important role in the energy transition, 

there is another that will see its degree of relevance and pervasiveness within the European 

economic and energy system increase in the coming years: hydrogen. 

Hydrogen 

Hydrogen is the most abundant element in the universe, but in its pure state it is not available 

on our planet. Most of the "convenient" hydrogen can be extracted from other substances with 

chemical and electrolytic procedures, or it can be produced from other fuels, using substances 

with a high energy content, such as fossil fuels (methane reforming and coal), but these 

methods, in addition to depleting non-renewable resources, generate CO2 in greater quantities 

than conventional ones. Hydrogen can also be produced by electrolysis of water, using 

considerable amounts of electricity produced by large photovoltaic systems. 

Hydrogen can be used as a feedstock, fuel, carrier or renewable energy storage, capable of 

absorbing fluctuations in electrical power supply from sources such as the photovoltaic cell 

and/or wind turbines and can also be used in energy-efficient devices, such as hydrogen turbines 

and fuel cells that are capable of using hydrogen to produce electricity with good efficiency. 

In theory, the only emission from hydrogen cells is pure water. Hydrogen cells are more 

efficient than the internal combustion engine, diesel and, in cogeneration mode (electricity and 

heat) fuel cell plants will perhaps achieve energy efficiency of 80-85%. Other innovative 

technologies, competing with hydrogen fuel cells, demonstrate 50% electrical efficiency. 

In Europe, interest in hydrogen as a solution to decarbonize industrial processes and economic 

sectors where reducing carbon emissions is most difficult is growing rapidly. All this makes it 

essential to support the European Union's commitment to achieve climate neutrality by 2050. 

The strategic vision envisaged by the European Green Deal envisages the growth of the share 

of hydrogen in the European energy mix, currently below 2%, up to 13-14% by 2050. The EU's 

priority is to develop renewable hydrogen, mainly using wind and solar energy. The path 
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identified provides for the installation of 6 GW of electrolyzers by 2024 to reach an installed 

capacity of 40 GW by 2030.   

In our country, in order to start the development of the decarbonized hydrogen market, it is 

expected to install about 5 GW of electrolysis capacity by 2030, integrated with imports or 

other forms of low-carbon hydrogen. This will offer a concrete option for the decarbonization 

of processes to the synthetic chemistry and oil refining sectors that already use hydrogen 

obtained from fossil sources. In the industrial field, there are now numerous experiments 

underway in Europe and Italy, on the side of hydrogen production, pure or mixed use and its 

transmission through existing networks. 

In Italy, the use of hydrogen in the industrial sector is already a reality: the current demand for 

hydrogen is about 0.5 Mil T per year. It is mainly used in the synthetic chemistry and petroleum 

refining sectors. In both cases, hydrogen is mainly produced on-site in its "grey" form, i.e. from 

natural gas, using Steam Methane Reformers – SMRs. In this process, natural gas, reacting with 

high-temperature water vapor, is separated into hydrogen (H2) and carbon dioxide (CO2) 

In particular to produce ammonia and nitrogen fertilizers and in that of methanol: in this sector, 

about 200 million cubic meters of gas are currently used for the production of hydrogen. 

Hydrogen stands out as a concrete alternative to clean fuels because, during combustion with 

oxygen, it produces only water vapor as a byproduct. This makes it unique compared to fossil 

fuels, which emit carbon dioxide and other harmful pollutants that are detrimental to human 

health and the environment. However, hydrogen is not easily found in nature in its free state 

(H2); it is primarily present in combination with other elements, such as in water (H2O) or in 

hydrocarbon compounds like methane (CH4). Its reactivity makes it difficult to find natural 

sources of pure hydrogen on the Earth's surface. 

To produce hydrogen, it is necessary to separate it from the elements it is bonded with, a process 

that requires energy. Therefore, hydrogen is considered an energy carrier, capable of storing 

and transferring energy. However, one of the main current limitations of hydrogen is its low 

efficiency, due to significant energy losses during the phases of production, storage, transport, 

and conversion into kinetic energy in vehicles. 

The interest in accelerated hydrogen development is also underlined in the PNRR where a total 

of €3.64 billion is the funds provided for in the measure and explicitly dedicated to the 

development of hydrogen-related projects. 
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Hydrogen is an energy carrier capable of storing and releasing large amounts of energy per unit 

mass (i.e. it has a certain density in terms of energy) without generating carbon dioxide 

emissions during the combustion process. The great advantage of this element is its abundance 

on the planet and, more generally, in the solar system. 

However, the extreme simplicity with which hydrogen binds to other elements makes it 

complex to trace in its pure state. This raises the question of how to separate it from atoms of 

other elements while reducing greenhouse gas emissions. 

Although it is still a colour less gas, the methods of hydrogen production are conventionally 

associated with different colours, which classify the level of environmental impact. 

 

Figure 19 - Four colours of hydrogen 

 

To date, 4 colours of hydrogen are mainly identified, based on the production process used: 

 Grey hydrogen: obtained from the combustion of methane (this is currently the most 

common process); it is obtained through the steam reforming process of methane (SMR) 

or other hydrocarbons. This procedure uses the reaction between steam and methane at 

very high temperatures to create hydrogen. Currently, this method is used to produce 

about 48% of the world's hydrogen. It is a chemical reaction that generates carbon 

dioxide (CO2) as a waste product, releasing on average more than 9 kg of C02 into the 

atmosphere for every kg of hydrogen produced. 

 Blue hydrogen: produced from methane but with an attached process for capturing 

polluting gases. The production process of "blue hydrogen" is the same as that used for 

Grey hydrogen but with a substantial difference: a part of the CO₂ emissions produced 

during the process are captured, stored and not directly released into the atmosphere.  

 Green hydrogen: produced using energy from renewable sources, used to power the 

electrolysis process. It is the production method with the lowest environmental impact. 
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In this production process, hydrogen is obtained by electrolysis of water, i.e. electricity 

is used to separate water (H2O) into its two constituent elements: hydrogen and oxygen. 

This is done through an electrolyzer which, when powered by renewable energy 

sources, results in the production of 100% zero-emission hydrogen. Today, green 

hydrogen is seen  as a concrete option for decarbonization.  

With a view to the energy transition, the goal becomes not to produce gray hydrogen, or in any 

case limit its production, as the pollutants produced would contribute to altering the climate 

with the spillover effects mentioned several times. 

A further method of production is through the use of biomethane, i.e. the gas produced by the 

"recycling" of waste material with "zero impact" or, rather, "net zero emissions". The latter 

method could accompany renewable energy production to increase supply and make more 

available a resource that wants to become the protagonist of the energy future at European and, 

in some ways, global level. 

According to ANIMA, between 2025 and 2030, green hydrogen is expected to become a 

substantial part of the European energy mix, with around 40 GW of electrolyzers installed, 

within its borders and as many outside them. At this stage, the investment by 2030 for this type 

of plant should reach a value of between 24 and 42 billion euros. 

The infrastructure connected to this "new" energy carrier will have to be implemented and 

upgraded, in order to allow transport over long distances and a considerable storage capacity. 

Together with the upgrading of production plants and infrastructure, between 220 and 340 

billion euros would be needed to increase the production of solar and wind energy, so as to 

allow a contribution of renewable energy to electrolysis plants and, consequently, the 

production of green hydrogen. 

In addition to this, an investment of 11 billion euros is estimated to adapt the plants already in 

operation through carbon capture and storage (CCS) technology. This is a necessary measure 

in order not to lose production capacity in the field of hydrogen production and in view of a 

path characterized by net zero emissions. 

Finally, again in the five-year reference period, 65 billion euros will be needed for transport, 

distribution and storage for hydrogen refueling stations. 

For the 2030–2050-time frame, some maturity is expected with respect to green hydrogen 

production technologies, such that large-scale production should be possible, effectively 
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contributing to the decarbonization of the European economy and the achievement of the 

emissions target. 

The maturity envisaged, combined with the massive production of renewable energy, should 

allow the production of green hydrogen and the development of a strong supply chain of the 

energy sector. 

In this direction, the PNRR also aims to finance, facilitate and implement projects related to 

hydrogen production, so as to develop a new market segment with positive effects on both 

employment and GDP, and increase the degree of resilience of the economy as a whole, 

becoming less dependent on external suppliers. 

The total value of the investment financed by the PNRR is around 3.64 billion euros, of which 

500 million allocated for the creation of 52 hydrogen valleys, with 26 projects located in the 

South. 

 

 

Figure 20 - Number of projects and investment amount divided by macro-area 

 

It is worth adding that gas infrastructure can be used, at least in the short term, to transport a 

certain percentage of hydrogen in addition to gaseous hydrocarbon. In fact, in 2019 Snam 

experimented with the introduction of a mix of 5% hydrogen and natural gas, noting no 

problems in the measure implemented. It was verified that with that percentage of hydrogen 

introduced into the mix, it was possible to transport a quantity of this gas equal to 3.5 billion 

cubic meters, or the consumption of 1.5 million households. Such a proportion would avoid the 

emission of 2.5 million tons of carbon dioxide into the atmosphere. 
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If we assume a line whose extremes represent environmental impact and energy efficiency, we 

will find fossil fuels on the one hand (greater impact, lower efficiency) and, on the other, 

renewable electricity with direct use or battery storage (lower impact, greater efficiency). 

Hydrogen is in the middle of this line, constituting a compromise between reduced 

environmental impact and reduced efficiency. In the case of green hydrogen obtained from 

sustainable energy sources, due to its low environmental impact, this, on the line, is closer to 

electricity. 

 

 

Figure 21 - Graph representative of the efficiency and impact of different energy sources 

 

Hydrogen transport represents one of the most complex and fascinating challenges in today's 

energy landscape. Despite its enormous potential as a source of clean energy, there are several 

obstacles preventing its complete replacement of fossil fuels. 

First of all, hydrogen is an extremely light gas, which means that it has a very low volumetric 

energy density. This means that, in order to transport significant amounts of energy, hydrogen 

must be compressed at very high pressures or liquefied at extremely low temperatures. 

Hydrogen compression requires specialized equipment and significant energy expenditure, 
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while liquefaction involves cooling the gas to -253°C, a process that requires advanced and 

expensive technologies. 

The infrastructure needed to transport hydrogen is another critical point. While existing 

pipelines can be retrofitted for methane, they need to be modified to prevent leaks and ensure 

safety, as hydrogen can easily diffuse through materials that would be impermeable to other 

gases. Additionally, road or sea transportation requires specialized containers that can keep 

compressed or liquefied hydrogen safely, further increasing the associated costs and risks. 

Safety is a key aspect when it comes to hydrogen. Being highly flammable, hydrogen can form 

explosive mixtures with air, which requires strict safety protocols during transport and storage. 

Even though the industry has developed technologies to manage these risks, the public 

perception of hydrogen safety remains a significant barrier. People are often concerned about 

the risk of explosions, which can hinder the acceptance and large-scale adoption of this 

technology. 

Another factor to consider is cost. Currently, transporting hydrogen is much more expensive 

than fossil fuels. The need for compression, liquefaction and specialized infrastructure 

contributes to making hydrogen less economically competitive. This is a significant problem, 

as to be a true alternative to fossil fuels, hydrogen must be not only sustainable, but also cost-

effective. 

Finally, energy efficiency is a crucial issue. The production, transport and storage of hydrogen 

result in significant energy losses. For example, electrolysis of water to produce green hydrogen 

requires a lot of energy, and additional losses occur during compression and liquefaction. This 

means that, at the moment, hydrogen is not yet a fully efficient energy solution. 

Hydrogen has the potential to become a key component of a sustainable energy system, there 

are still many challenges to overcome. Significant investments in research and development, 

infrastructure and safety technologies are needed to make hydrogen a true alternative to fossil 

fuels. Only by addressing these challenges will we be able to harness the full potential of 

hydrogen and contribute to global decarbonization. 

In conclusion, biomethane and hydrogen can contribute to meeting part of the overall energy 

demand and energy mix soon, with the possibility of exploiting, at least temporarily, existing 

infrastructures involving the distribution of natural gas.  
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2 ENERGY CONTEXT OF CAMPARI GROUP AND NOVI 
LIGURE PLANT 

 

2.1 THE ROLE OF CAMPARI GROUP: ENVIRONMENTAL IMPACT SCOPE 1,2,3 
 

The Group is committed to sustainable development by responsibly using resources and 

minimizing the environmental impact of its production activities. Campari Group understands 

that climate change is a significant challenge for the planet's future and recognizes the 

importance of limiting global temperature increases to 1.5°C, as outlined in the Paris 

Agreement. Therefore, the Group is dedicated to reaching net-zero emissions by 2050 or earlier.                                                                                                                                                     

The goals are in line with the UN Sustainable Development Goals, focusing on environmental 

protection through the reduction of emissions and water usage at the Group's production 

facilities, as well as minimizing landfill waste from direct operations. These targets include 

both short-term, by 2025, and medium-term ,by 2030, commitments. The Group ensures 

transparency in tracking and reporting its progress, following internationally recognized 

standards.                                                                                                                                                              Campari 

Group is advancing its energy efficiency efforts through a global, multi-year program initiated 

in 2020. The program focuses on promoting energy-saving initiatives, implementing 

sustainable practices, and decarbonizing production activities. Beyond its strong commitment 

to reducing carbon emissions from its direct operations, Campari Group has broadened its 

efforts to encompass the entire supply chain. The goal is to reduce the overall intensity of 

Supply Chain GHG emissions, Scope 1, 2, and 3 by 30% by 2030, with the ambition of 

achieving net-zero emissions by 2050. Currently, Campari Group's GHG emissions footprint 

consists of 8% from Scope 1 and 2 emissions, and 92% from Scope 3 emissions. 

Scope 1 and Scope 2 consist in GHG emissions divided into: 

- Combustion in thermal plants (t of CO2 e.) 

- Refrigerants (t of CO2 e.) 

- Purchased electricity location-based (t of CO2 e.) 

- Purchased electricity market-based (t of CO2 e.) 

As part of its strategy to reduce Scope 1 and Scope 2 GHG emissions, in 2023 the Group 

invested in local energy efficiency projects designed to lower energy demand at its 
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manufacturing sites. These initiatives included optimizing utilities, replacing boilers, improving 

insulation, and installing LED lighting systems. Alongside boosting energy efficiency, Campari 

Group is also exploring technological solutions to support its transition to greener energy 

sources. 

Scope 3 

In 2023, Campari Group conducted its annual Scope 3 emissions analysis, assessing the fifteen 

categories outlined by the GHG Protocol standard. The analysis revealed that the largest 

contributors to Scope 3 emissions are the purchase of goods and services (71%), transport and 

upstream/downstream distribution (12%), and capital goods (10%), which together account for 

93% of the total Scope 3 impact. During the same year, the Group strengthened its engagement 

with key suppliers, particularly those related to packaging and raw materials such as glass, 

closures, aluminum cans, sugar, and alcohol, as well as logistics. This enhanced engagement 

not only allowed Campari to gather detailed information on the specific emission reduction 

initiatives of these suppliers but also helped establish standards for smaller and less advanced 

suppliers. Campari Group is committed to implementing targeted emissions reduction 

initiatives throughout its value chain in collaboration with these suppliers.                                                                                                                                        

To drive this Scope 3 reduction program, the Group has established a cross-functional Steering 

Team, focusing primarily on Purchased Goods and Services, as well as Logistics. 

 

 

Figure 22 - GHG emissions Scope 
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2.2 WATER AND WASTE MANAGEMENT 

 

Campari Group acknowledges the critical importance of water and is dedicated to conserving 

and reducing its consumption through a responsible and sustainable water management 

program. As part of its global Water Reduction initiative, the Group has optimized water usage 

in its production processes, focusing on both the quantity and quality of water used. 

Additionally, Campari Group is investing in water recovery systems to minimize waste across 

its operations. 

Main Target are:  

- Reduce water usage intensity (liters withdrawn per liter manufactured L/L) by 60% by 

2025 and by 62% by 2030 

- Continue to ensure the safe return of wastewater from direct operations to the 

environment. 

Campari Group is also dedicated to reducing overall waste from its production sites by adopting 

a circular approach. This involves various local initiatives focused on optimizing material usage 

and disposal, enhancing efficiency, and increasing recycling, recovery, and reuse processes. 

The Group aims to achieve zero waste to landfill across all its production sites by 2025. 

Production sites aim to increase the recovery and reuse rate of by-products generated during 

the production cycle by repurposing them as animal feed, biomass, or compost. 

Main Target: 

- Continue the global reduction program towards the zero waste to landfill target by 2025 
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2.3  ENERGETIC STRUCTURE OF NOVI LIGURE PLANT’S 

 

2.3.1 Overview of the site 

The site is located in an industrial area of Novi Ligure, in the province of Alessandria, at Via 

Nazioni Unite, 1. It covers a total covered area of approximately 60,000 square meters, where 

production processes, operations, and the storage of finished products take place before they 

are sold. 

 

   Figure 23 - Novi Ligure Layout 

At the Novi Ligure site, Davide Campari Milano S.p.A. N.V. produces wines, sparkling wines, 

aromatized wines, vermouths, distilled liquors, hydroalcoholic infusions and extracts for both 

alcoholic and non-alcoholic products. The facility also handles bottling, packaging, storage, 

and shipment of finished goods. 
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Specifically, the Novi site produces four categories of products: 

 Sparkling Wines: Including Asti Cinzano, Brachetto d’Acqui Cinzano, Cinzano Dry 

Edition, Cinzano Sweet Edition, Cinzano Rosé, Pinot Chardonnay Cinzano, Cinzano 

Pro-Spritz, Cinzano Gran Collezione, Prosecco Cinzano, Prosecco Riccadonna, 

Riccadonna Chardonnay Brut, Riccadonna Moscato Rosé, J.-Marc XO, Ruby. 

 Vermouth: Such as Cinzano Bianco, Cinzano Rosso, Cinzano Dry, Cinzano Extra Dry, 

1757 Vermouth di Torino, and aromatized wine-based beverages (Cinzano BAV). 

 Liquors: Including Bitter Cinzano, Campari, Negroni, Cynar, BiancoSarti, Skyy 

Vodka. 

 Aperitifs: Such as Crodino, Aperol Soda, Campari Soda, Aperol Spritz, Aperol Soda 

Production is divided into two distinct areas: 

 Canteen Section 

 Bottling Section 

There are seven production lines, each of which is independently powered by electricity: 

Table 1 - Production data 
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Figure 24 - Lines production trend 

 

2.3.2  Site Facilities 
 

 

Figure 25 - Layout Utilities 

 

2.3.3  Electrical system 
 

The facility is supplied with three-phase medium voltage (15 kV) from the national Enel grid. 

The maximum available power under the current supply contract is 2,644 kW, delivered at a 

single point with a dedicated substation. Within the facility, there are three transformer 

substations (15,000V/400V) 

2.3.4 Thermal power plant 

There are four steam generators located in the thermal power plant. The steam is distributed to 

the main manifold positioned within the thermal power plant. The boilers operate in a cascade 
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system based on set-point pressure levels configured in the system. They are composed of three 

smoke tubes with a capacity of 3 t/h of steam certificate for operation with an exemption every 

72 hours. Once started, they are capable of functioning autonomously for 72 consecutive hours. 

After completing the cycle, the boilers will automatically shut down. In the same thermal power 

plant, there is a thermally insulated condensate recovery tank. The distribution system is located 

in an adjacent utility tunnel within the facility. Inside this tunnel, steam-to-water heat 

exchangers are installed to supply the production lines, along with steam pressure reduction 

stations. The condensate generated and recovered by the heat exchangers is pumped back to the 

thermal power plant using dedicated booster pumps. 

Table 2 - Nameplate data of heat generators 

 

From the manifold, the necessary amount of steam is drawn off for the following purposes: 

 Supplying the shell and tube heat exchanger for the integration/heating of glycol to 

30°C; 

 Supplying the shell and tube heat exchanger for the integration/heating of process water 

in the Pasteurizer; 

 Supplying the shell and tube heat exchanger for the integration/heating of the bottling 

department (air heaters); 

 Other production uses 

2.3.5 Cogeneration plant 

The site is equipped with a cogeneration plant with a capacity of 851 kWe and 959 kWt. The 

generated electricity is fully consumed on-site, with any excess being fed into the grid. The 

thermal energy is produced in the following forms: 

 Steam: At 6.5-7 bar, generated by a steam recovery boiler with a capacity of 419 kWt. 

 Hot Water: At 90°C, produced using a heat exchanger with a capacity of 540 kWt.  
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Table 3 - Nameplate data of the cogenerator 

 

 

The steam is directed into the main steam manifold located in the thermal power plant, while 

the hot water is used for:  

 Heating the warehouse 

 Heating the bottling area 

 The pasteurization line for Crodino 

 

Figure 26 - Diagram of the thermal generation plant 
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2.3.6  Compressor station 
 

The following compressors are present: 

 

Table 4 - Nameplate of compressor 

 

The station is composed by 3 compressors: one is a fixed speed compressor, the others are 

variable speed compressor VSD. They are able to work from 1500 to 3775 rpm. 

 

 

Table 5 - Nominal technical specification of the variable speed compressor 

 

 

Figure 27 - Specific consumption trend of the variable speed compressor 
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The compressors operate with a fluctuating pressure between 6.70 bar and 7.40 bar. The station 

is equipped with storage tanks, where the produced air is accumulated before being delivered 

to production as needed. The ZR 132 VSD and ZR 160 VSD compressors have internal dryers, 

while the ZR 132 has an external dryer. These dryers are responsible for removing moisture 

from the air. During the compressed air production phase, the compressor tends to heat up. To 

ensure the proper functioning of the compressors, the compressor station operates within a 

closed-loop system that is cooled by an open-loop circuit, which is facilitated by a cooling 

tower. The supply water for the compressor comes from the cooling tower, which cools the 

compressor by using chilled water. This water is then routed through a heat exchanger that 

absorbs the heat generated by the compressor, warming the water. After the heat exchange, the 

heated water exits and continues its path through the closed circuit, maintaining a continuous 

flow. 

 

2.3.7   Refrigeration station 
 

The refrigeration plant operates with two closed circuits: one external circuit utilizing 

glycolated water and one internal circuit using ammonia. The glycolated water is cooled in a 

separator and stored in a tank. Pumps circulate this water through the circuit, where it is heated 

and then recirculated back into the system.  The ammonia, passing through an expansion valve, 

changes state from liquid to gas. The gas, which absorbs heat, is directed to the evaporative 

condensers, where it releases the heat absorbed from the returning glycol. After releasing the 

heat, the ammonia is cooled and returned to its liquid state in a high-pressure receiver at ambient 

temperature.  

This process occurs continuously within a closed circuit.                                                                                                                                                           

The refrigeration plant for producing glycolated water at -10°C is equipped with two 

ammonia chillers, MYCOM EUROPE N200VSD-M, with a total installed electrical power of 

132 kWe + 186.5 kWe and a total cooling capacity of 1,250 kWf. The chillers operate in 

parallel using a cascade system. The distribution system for the propylene glycol solution at -

10°C starts from the distribution center located in the utilities building, passing through the 

technological tunnel and autoclaves in cellars 1, 2, and 3: Lines No. 2-3.        
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The refrigeration plant for producing glycolated water at 0°C is equipped with two ammonia 

chillers, MYCOM EUROPE N160VSD-M, with a total installed electrical power of 132 kWe 

+ 186.5 kWe and a total cooling capacity of 1,350 kWf. Similarly, these chillers operate in 

parallel with a cascade system. The glycolated water at 0°C is distributed from the central plant 

through the technological tunnel to the tanks in cellar 1, and is also used for cooling the bottling 

department, pasteurizers, and other cellar utilities - Line No. 5.  

For glycolated water at +30°C, distribution is also managed from the central plant through the 

technological tunnel to the steam-glycol heat exchangers for support and backup, and to the 

utilities in cellars 1, 2, and 3 - Line No. 4.  

All chillers can operate together only in the production of glycolated water at -10°C, as the 

N160VSD chillers can be integrated into the -10°C circuit using specific sectioning valves. 

Table 6 - Nameplate data of glycol water cooling unit  -10°C/ 0°C 

 

 

 

 

Figure 28 - Distribution of the water-glycol solution 
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The condensation of the chillers in the refrigeration plant is achieved through two BAC VXC-

S.403 evaporative condensers installed on the roof. These condensers operate in parallel with a 

cascade system. Similar to the evaporative towers for compressed air, these condensers also 

utilize a closed circuit cooled by an open circuit. 

The evaporative condensers operate in three stages, depending on the requirements: 

1. First stage: The pump draws in ammonia and sends it to the nozzles, which spray water 

over the tube bundle, cooling the product inside. 

2. Second stage: The motor, pulley, and rotor rotate the fans to further cool the ammonia. 

This stage combines the first stage with level 1 ventilation. 

3. Third stage: Similar to the second stage but with enhanced ventilation. 

The evaporative condensers contain tube bundles and require regular draining of water and 

ammonia when conductivity levels are too high to prevent damage to the piping. Internal 

deflectors facilitate the release of vapor. 

On the roof of the facility, three additional chillers are installed to supplement the production 

of glycolated water at 0°C, used to cool bottled products on the Crodino and Campari Soda 

lines. An additional chiller, Systemair VLS 1204 BLN, is dedicated to cooling the Campari 

product, primarily used during the summer. The chillers operate in parallel with a cascade 

system. 

 

 

 

 

 

 

 

 



77 
 

2.3.8  Photovoltaic system 

 

In Novi Ligure site’s photovoltaic system is installed with a capacity of 996 kWp.  

The system includes the following components: 

 2370 Monocrystalline PERC Silicon Photovoltaic Panels with a peak power output 

of 420 Wp each and dimensions of 2066 x 998 x 35 mm, offering an efficiency of 20.4%. 

 100 kW String Inverters 

 

 

 

 

 

 

      Source: Sun power from maxeon solar technologies 

 

 

 

 

 

 

 

 

 

 

 

Figure 29 - Sunpower P6 module 
performance 420 W 

Table 7 - Nameplate data of Sunpower P6 - 420W 
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Figure 30 - Layout of Photovoltaic system 996 kWp 

Source: Elmec Solar s.r.l. 
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In 2023, an offer was made for the extension of the existing photovoltaic system, adding a peak 

power of 360 kWp, and the installation of a new rooftop photovoltaic system with a peak power 

of 510 kWp in the new building. Currently, the new system is undergoing testing and is pending 

the required approvals before it can be fully operational.                                                                  

The system includes :  

- 817/51 Monocrystalline PERC Silicon Photovoltaic Panels for the extension of the 

existing photovoltaic system 

- 936 Monocrystalline PERC Silicon Photovoltaic Panels for the new installation in 

the new building 

 

 

 

 

 

 

 

                           

  Source: Sun power from maxeon 

 

 

 

 

 

 

Figure 31 - Sunpower P6 module 
performance 545 W 

Table 8 - Nameplate data of Sunpower P6 - 545W 
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Table 9 - Data of Photovoltaic power system 996kWp 

 

 

Table 10 - Data of the extension Photovoltaic power system 360 kWp 

 

 

Table 11 - Data of the new installation Photovoltaic power system 510 kWp 

 

 

 Table 12 - Data of the total Photovoltaic power system 1825 kWp 
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Figure 32 - Layout of the total Photovoltic system 

Source: Elmec Solar s.r.l. 
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2.3.9  Water station 

One of the most critical needs of the Novi site is water. The plant is equipped with a well 

approximately 250 meters deep, from which 70 m³/h of water is drawn using dedicated pumps. 

In some cases, the production demand exceeds the well’s supply capacity, water from the 

municipal network is utilized, allowing for a maximum extraction of up to 60 m³/h.        

The water undergoes an initial accumulation phase inside the “TK20” tank. Once stored, the 

water is directed to the “ZENON” trains 1 and 2. These trains are equipped with fine pores 

capable of filtering out impurities, expelling the dirty residue. The trains operate together, 

sharing the required water flow; however, each individual train can pump up to a maximum of 

140 m³/h, sufficient to supply the total demand. Every 3600 seconds, one train is stopped while 

the other remains operational, allowing for a backwash process. This backwash sends water 

from inside to the outside of the membrane pipes to clean them. The wastewater from this 

operation is discharged into the “Rio” river.                                                                                       

Once filtered, the water is transferred to the “350” tank, where chlorine dioxide is added to 

remove impurities and lower its conductivity. Pumps then push the water at a pressure of 4 bar 

into the central water distribution system.                                                                                            

The water plant is equipped with machinery capable of converting raw water into microfiltered, 

softened, and osmotized water. 

Soften water: 

Raw water contains high levels of salts, such as calcium, which need to be removed to produce 

softened water. Initially, the water passes through five filtration units with filters rated at 10 

microsiemens, followed by an additional five units with 1 microsiemens filters. Once softened, 

part of the filtered water is directed to the boilers, while the majority is used in the production 

of Vermouth, replenishment of ammonia and compressed air evaporative towers, sanitization 

processes of autoclaves in the cellar, rinses and vacuum pumps on the production lines.                                                                                                                       

The softened water is stored in two tanks. When one tank reaches a capacity of 400 m³, a 

backwash is performed, emptying and refilling the tank with water and salt, which is held for a 

couple of hours before being flushed out. This process prevents the formation of preferential 

water pathways within the system. 
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Osmotized water: 

The raw water exiting from the “350” tank is passed through a carbon filter. This water still 

contains chlorine dioxide, and the carbon filter, with pores of 1 microsiemens, effectively 

removes this compound. The filter is disinfected after every 10,000 m³ of water processed. The 

water is then sent to four reverse osmosis machines. In standard operation condition, each 

machine withdraw between 6-8 m³/h, retaining approximately 70% as permeate and discharging 

30% as concentrate. This osmotized water, with low conductivity levels of 10-15 microsiemens, 

is used in the production of products like Aperol, Campari, Skyy Vodka, and Cinar and for the 

generation of sterile steam. 

For the production of Campari Soda and Crodino, microfiltered water is used. This water is raw 

water that has undergone an additional microfiltration process.                                                

For all other uses, such as CIP “Cleaning in Place” and COP “Cleaning out place” for sanitizing 

the bottling section, which is used for liquid changeovers that can occur on the same line, for 

floor washing, and for irrigating green areas, raw water is used.                              

Only for municipal services is the use of water from the public water supply mandatory. 

 

2.4  PLANT ENERGY DEMAND 

 

After describing the energy structure of the Novi Ligure site, we analyze the production 

volumes and energy consumption that form the basis of the energy model description.  

Table 13- Production volume, Water and Energy consumption 
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Figure 33- Energy demand 

 

 

Figure 34 - Water demand 
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3 DEVELOPMENT AND APPLICATION OF THE ANALYTICAL 
MODEL 

 

3.1  DESCRIPTION OF THE ANALYTICAL MODEL 
 

Analyzing the energy consumption of an industrial facility is essential for understanding 

operational efficiency and identifying optimization opportunities. A mathematical model based 

on energy consumption allows for evaluating resource usage, measuring CO₂ emissions, and 

forecasting potential savings from the adoption of more efficient technologies or renewable 

energy sources. This model is constructed through the collection of both historical and real-

time data related to production volumes, the specific technologies in use, and the facility's 

energy structure, including primary resources such as natural gas, electricity, steam, hot water, 

compressed air, refrigerant energy.                                                                                            

The analysis of this data enables the development of a mathematical model capable of 

monitoring energy usage and CO₂ emissions, providing a detailed view of the overall energy 

demand in relation to production demand. By simulating consumption dynamics, the model 

helps identify areas for improvement, such as optimizing energy flows, adopting more efficient 

technologies, or transitioning to renewable sources. This approach enables the company to meet 

regulatory requirements and achieve sustainability goals, while simultaneously reducing 

operational costs and environmental impact. The complex integration of different technologies 

and energy sources makes this model a powerful tool for energy planning, as it allows the 

simulation of future scenarios and informed decision-making on investments and energy 

management strategies, aligned with long-term decarbonization objectives.    

The following energy analysis model represents the current situation of the Novi Ligure 

industrial facility and is divided into three main components: Power and Heat Production 

Technologies, Commodities, and Process Technologies.        
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Figure 35 - Model Representation - Reference Energy System 

 

 

Power and Heat Technologies On-site: 

This section lists the primary technologies for energy generation and management that enable 

the facility to produce heat and electricity. 

 Solar PV: Solar panels provide renewable electricity. 

 CHP (Combined Heat and Power): A cogeneration system that optimizes energy from 

fuel, simultaneously producing electricity and heat. 

 Boiler NG/Gasoline: A boiler powered by natural gas or gasoline that produces thermal 

energy. 

 Fire Pumps and Compressors: Critical for safety and powering pneumatic tools. 

 Heat Pump: A highly efficient technology that uses thermal energy to provide heating 

or cooling. 

 Refrigeration Plant: Cooling is essential in a beverage industry and represents one of 

the most significant energy consumption categories. 
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Commodities: 

Commodities are the forms of energy and resources produced or utilized within the facility, 

necessary for various production processes: 

 Renewable Electricity from Photovoltaics: Renewable energy generated from solar 

panels, used to power various processes and reduce reliance on grid electricity. 

 Electricity from CHP (Combined Heat and Power): Electricity produced by the 

cogeneration system, intended to supply power to production lines and infrastructure. 

This contributes to maintaining energy independence and reducing costs. 

 Thermal Energy - Steam: Steam is used for heating industrial processes, such as 

pasteurization, which is essential for the quality and safety of beverages. 

 Thermal Energy - Hot Water: This is provided for heating requirements and other 

processes. Hot water is primarily generated through the cogenerator and represents a 

crucial resource for maintaining controlled temperatures in production processes. 

 Compressed Air: Supplied by compressors, compressed air is used to power pneumatic 

equipment at various points in the production process. 

 Refrigeration Energy: This is necessary to maintain optimal temperatures during 

production and storage processes, which is fundamental for preserving product quality. 

 

Process Technologies 

This section includes production lines and process technologies, which require various forms 

of energy: 

 Process Steam: Steam used to heat or sterilize various components of the process, 

including tanks and pipes, ensuring that production is safe and compliant with standards. 

 Pasteurizer: A specific facility for the pasteurization of beverages, which requires a 

significant heat input to eliminate any pathogens. 

 Space Heating: Necessary to ensure a comfortable working environment and to 

maintain the equipment at optimal temperatures. 

 Beverage Production Lines: Each line (e.g., Campari Soda, Sparkling Wine, Campari 

Bitter, Sky Vodka) has specific energy requirements, with both electrical and thermal 

energy used to power equipment and maintain consistent product quality. 
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 Cellars: These are specialized facilities where liquids are processed before bottling. 

They require controlled temperature and humidity conditions to ensure the stability and 

quality of the products during fermentation, aging, or blending processes. Specific 

energy needs for cooling, heating, and ventilation are essential to maintain optimal 

environmental conditions for the products. 

 Electricity for Other Processes: Includes all other electrical needs, such as the 

operation of auxiliary equipment and machinery for processing. 
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3.2  DISTRIBUTION OF THE TOTAL PLANT PRODUCTION 
 

Using meters installed in the facility and software that enables real-time data visualization, it 

was possible to extract the following allocation of facility energy consumption, which is 

distributed across various production processes. 

Table 14 - Distribution of energy consumption 
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3.3 ANALYSIS AND ASSUMPTIONS OF THE ENERGY MODEL 
 

The year 2024 has been established as the reference for maximum annual production, reaching 

a total volume of 116,494,931 liters. To achieve this output, the facility requires a total energy 

demand of 114,100,500 MJ, met through the consumption of 1,868,216 Sm³ of natural gas and 

11,247,994 kWh of electricity.                                                                                                                                             

Assuming that both production volume and the facility's energy demand remain constant from 

2024 to 2050, this study focuses on analyzing the impact of technological replacements and the 

integration of new renewable energy sources. The objective is to reduce both the facility's 

overall energy demand and its reliance on external energy sources by increasing on-site energy 

generation.                                                                                                                 

The energy analysis is structured into two distinct models: a thermal model and an electrical 

model, each providing a detailed representation of the utilization and distribution of their 

respective energy vectors. 

 

 

Figure 36 - Distribution Volumes 
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Figure 37- Gas trend 

 

 

Figure 38 - Electricity trend 

 

3.3.1 Thermal model 

The thermal model is divided into two main components: 

 Analysis of the cogeneration system's operation 

 Evaluation of boiler performance, with the potential integration of a heat pump 

Both analyses aim to reduce emissions and energy consumption by exploring the replacement 

of natural gas as the primary energy source with renewable alternatives. These include 

biomethane, obtained through anaerobic digestion and thermal gasification, and hydrogen 

produced via fuel cells. The model examines the period from 2024 to 2050, making it essential 

to accurately project the present and future availability of energy sources. This approach ensures 

a realistic feasibility study that can justify the replacement or integration of new sustainable 

technologies. 
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Data analysis:  

Below are the two main parameters that primarily influence the model. 

Fuel injected: 

Gas Natural: 

The table below presents fossil fuel import prices in €/MWh, adjusted for inflation.                  

According to the European benchmark for natural gas prices, the current rate stands at 

€42.33/MWh. Based on the EU’s Long-term Scenarios 2050, projections for 2030 and 2050 

indicate a gradual decline in natural gas prices, with an expected decrease of approximately 

0.28% annually from 2024 to 2050. 

Table 15 - Cost variation of Gas Natural 

 

Biomethane – Anaerobic digester: 

According to the report "The Optimal Role for Gas in a Net-Zero Emissions Energy System" 

(Terlouw et al., 2019) , the current cost of biomethane production via anaerobic digesters is 

approximately 77 €/MWh, this can vary based on the type of biomass used. With the increase 

in biomethane production installations in the future, it is estimated that this cost could decrease 

by around 20 €/MWh by 2050 compared to 2024, reaching approximately 57 €/MWh.    

Table 16 - Cost variation of Biomethane Anaerobic Digester 

 

The cost shown in the previous table does not include the connection expenses required to inject 

biomethane into the gas grid. The total connection cost is estimated at approximately 9.7 

€/MWh, with 5 €/MWh attributed to biogas pipeline infrastructure and 4.7 €/MWh to grid 

connection and related expenses. The revised values, taking these additional elements into 

account, are provided below. 
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Table 17 - Cost variation of Biomethane Anaerobic Digester adding connection cost 

 

Biomethane – Thermal Gasification: 

In agreement with the report by Terlouw et al. (2019), the current cost of biomethane production 

via thermal gasification is approximately 88 €/MWh, based on a mix of biomass feedstocks. 

The projected reduction in production costs from now until 2050 is primarily due to increased 

energy conversion efficiency, expected to rise from 65% to 75%, the benefits of economies of 

scale, and the development of a larger number of production plants. These advancements 

enhance infrastructure reliability and overall operational efficiency, leading to an estimated 

production cost of around 47 €/MWh by 2050. 

Table 18 - Cost variation of Biomethane Thermal Gasification 

 

The production cost of biomethane from thermal gasification does not include the transportation 

costs of the gas and the connection to the grid. For this source, it is estimated that the costs 

associated with grid injection and connection will be minimal. This is because the biomethane, 

generated at a natural gas quality, is produced at high pressure, allowing for easy injection into 

the grid. Moreover, it is anticipated that the thermal gasification facilities will be situated near 

the existing gas grid, resulting in very low pipeline costs. The annual costs calculated for 

injecting gasification-based biomethane into the grid are 2 €/MWh. 

Table 19 - Cost variation of Biomethane Thermal Gasification adding connection cost 
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Hydrogen  

For hydrogen fuel, the report “Un nuovo alleato, un’alternativa difficile” by Davide Tabarelli 

indicates that current costs are around 180 €/MWh, equivalent to approximately 6 €/kg. This 

high cost is attributed to several factors, including the price of electrolyzers, storage systems, 

and the costs of green electricity and water required for the production process. However, 

advancements in hydrogen production technologies, such as high-efficiency electrolysis and 

carbon capture techniques, along with an increase in renewable energy capacity, will contribute 

to a decrease in the cost of green electricity. These combined factors are expected to lead to a 

reduction in hydrogen costs by 2050, estimating them at around 120 €/MWh, or approximately 

4 €/kg. 

Table 20 - Cost variation of Hydrogen 

 

 

 
Figure 39 - Gas Trends 
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Emission factor: 

Another parameter to consider in the mathematical model is the emissions generated per 

product. 

Gas Natural:                                                                                                                                                        

The report “IPCC Guidelines for National Greenhouse Gas Inventories” (Dario R. Gomez et 

al., 2006) estimates methane gas emissions at 56,100 kg/TJ, a value essential for calculating the 

annual CO₂ emissions from the site. 

Biomethane:                                                                                                                                   

For biomethane, since it is produced from renewable sources, emissions are 0 kg/TJ. 

Hydrogen                                                                                                                                  

Similarly, hydrogen production, also based on renewable sources, is assigned an emission factor 

of 0 kg/TJ. 

Once the total tons of CO₂ produced are known, it will be essential to assess the projected 

emission cost per ton from 2024 to 2050. According to “Il Sole 24 Ore”, the current price of 

CO₂ emission allowances is 85 €/tCO₂. As shown in the table, this value is expected to rise 

sharply, reaching approximately 400 €/tCO₂ by 2050. 

Table 21 - Emission Cost of CO2 

 

In our data analysis, this value will be used to calculate the carbon tax, defined as: 

Carbon tax [€]  =  CO₂ produced [tCO₂]  ∗  Emission cost of CO₂ [€/tCO₂] 

(3. 1) 

This parameter will play a critical role in the model, as it will provide a projection of emission-

related costs from 2024 to 2050, allowing us to determine the most effective technology for 

minimizing both costs and emissions. 
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Guarantee of Origin 

Having defined the trend of the CO₂ price as previously mentioned and considering natural gas 

as the primary source of emissions, it was possible to calculate an additional parameter, defined 

as Guarantee of Origin (GO), to quantify the increase in the cost of gas in terms of €/MWh due 

to the carbon tax. In other words, the objective is to assess the economic impact of CO₂ emission 

taxation, expressed in €/MWh. To calculate the Guarantee of Origin, the following steps were 

necessary: 

 Calculation of total CO₂ emissions by 2025. 

 Determination of the unit cost of CO₂ emissions projected for 2050. 

 Application of the CO₂ emission factor for natural gas, set at 0.0000561 tCO₂/MJ. 

The resulting value in €/MJ is obtained using the following formula:  

Cost of CO2  emissions [
€

MJ
] = Emission cost of CO2 [

€

tCO2
] ∗ Emission factor CO2 [

€

MJ
] 

(3. 2) 

After calculating the emission costs of CO₂ in €/MJ, it was converted to €/MWh using the 

conversion factor, where 1 MWh = 3,600 MJ. This conversion allows for the calculation of the 

carbon tax impact in €/MWh. The total cost of natural gas for 2050 is obtained by summing the 

price of natural gas at the defined date and the calculated carbon tax value. The initial cost 

result, considering the model values, is 117 €/MWh. Considering specific market dynamics and 

regulations such as: 

 Supply and Demand: The price of GOs depends on the availability of certificates in 

the market relative to demand; a surplus of certificates can lead to a significant price 

reduction. 

 Government Incentives: Governments may offer incentives or subsidies for the 

purchase of certified renewable energy, thereby reducing the effective cost of GOs for 

consumers. 

 Market Efficiency: Efficient markets for trading GOs can reduce transaction costs, 

leading to a lower price for certificates. 
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A 40% discount was applied to the value of the Guarantees of Origin (GO), resulting in 70.5 

€/MWh, to obtain a more realistic value. 

The introduction of the Guarantee of Origin ensures that the energy drawn from the grid is 

entirely renewable, thus eliminating CO₂ production. In the developed model, the obtained data 

was added to the initially defined costs for biomethane, derived from anaerobic digestion and 

thermal gasification, reinforcing the hypothesis that the analyzed fuels will not produce CO₂. 

Consequently, there will be no carbon tax cost, as the price increase will already be integrated 

into the total cost in €/MWh of biomethane. 

Table 22 – Biomethane Anaerobic Digester with GO 

 

Table 23- Biomethane Thermal gasification with GO 
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3.3.1.1 Cogeneration system  
 

The analysis model for the cogenerator considers various parameters that influence its technical 

and economic performance, comparing different technologies under the same operating 

conditions. It identifies the optimal solution, allowing the replacement of the current technology 

with the one that offers the best €/kWht and €/kWhe ratio. 

The analysis involves comparing four types of cogenerators (CHP): 

1. CHP powered by natural gas 

2. CHP powered by biomethane – anaerobic digestion 

3. CHP powered by biomethane – thermal gasification 

4. CHP powered by hydrogen 

these differ in the type of fuel used and in: 

 Installation cost of the plant; 

 Fuel cost, calculated with the following formula:  

        Cost of fuel [ € ] = Gas cost of fuel [ €/Sm3 ] ∗  Fuel injected [Sm3]  

(3. 3) 

 Useful life duration; 

 Incentives obtainable through white certificates (valid for a duration of 10 years) 

calculated with the formula:  

Incentives = White certificates price [
€

TOE
] ∗  Tons of oil equivalent [TOE] 

(3. 4) 

 

The values of tons of oil equivalent are: 

o 1000 Sm3 of Natural Gas corresponds to 0.836 Toe 

o 1000 Sm3 of Biomethane corresponds to 0.55 Toe 
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 Amount of CO₂ emitted (which will affect the carbon tax cost) calculated with the 

formula:  

Total C02 emission = CO2 emission factor [
tCO2

MJ
] ∗ Net Calorif value [

MJ

Sm3
]  ∗

                                             Fuel injected [Sm3]       

(3. 5) 

Depending on the plant, the following is considered: 

 the Net Present Value (NPV) of the capital is calculated from the installation cost 

defined as follows:  

NPV =  
(Cost of installation ∗  Discount rate)

( 1 − ( 1 +  Discount rate) ^(− Years of operation) ) 
 

(3. 6) 

where the discount rate is set at 5%. 

 the thermal and electrical production of the cogenerators is constant from 2024 to 

2050. The estimated values of thermal and electrical production of the cogenerators are 

2,546,800 kWht and 3,243,247 kWhe, respectively, calculated based on the annual 

operating hours of the plant (equal to 5,500 hours/year); part of which includes 

maintenance hours (each maintenance hour generates a cost that contributes to the 

annual maintenance cost). 

 the amount of fuel used varies depending on the type of fuel chosen, as it is directly 

related to the Net Calorific value. Once the amount of fuel needed to power the plant is 

determined, this value will remain constant from 2024 to 2050. 

 

 

 

 



100 
 

 

Figure 40 - Parameters for CHP analysis. 

 

Once the type of gas used, the fuel cost, the costs associated with CO₂ emissions (carbon tax), 

the annual maintenance costs, and the incentives from white certificates are established, we can 

calculate the total annual cost for electrical and thermal production. 

From the estimates of the cogeneration plant’s production, 56% of the fuel is used for electricity 

production, while the remaining 44% is allocated to thermal production. 

The formulas for calculating the total cost are as follows: 

TOTAL COST for heating = present value of capital [€] + Cost fuel for heating [€] +

                                                       + Matainance cost [€] − Incentives [€] + Carbon tax [€]       

(3. 7) 

TOTAL COST for electricity = present value of capital [€] + Cost fuel for electricity [€] +

                                                             + Matainance cost [€] − Incentives [€] + Carbon tax [€]       

(3. 8) 

Once the quantities of electricity and heat produced are defined, we can calculate the production 

cost of each commodity, electricity and heating, for each year from 2024 to 2050. Comparing 
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the obtained data will allow us to identify the technology with the best €/kWht and €/kWhe 

ratio. 

The formulas for the unit production costs are: 

Cost of heating production [
€

kWht
] =

Total cost for heating

Heating production
 

(3. 9) 

Cost of electricity production [
€

kWhe
] =

Total cost for electricity

Electricity production
 

(3. 10) 

 

 

Figure 41- Yearly evaluation of CHP cost. 
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Below are the values analyzed for each technology: The technologies differ in the amount of 

fuel injected because each fuel has its own Net Calorific Value. 

CHP- Natural Gas: 

Table 24 – Data for evaluation of CHP Natural Gas  
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Table 25 – Trend of CHP Natural Gas 

 

 

 

 

Figure 42 – Cost trend for CHP Natural Gas  production 
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CHP- Biomethane Anaerobic Digestion 

Table 26 - Data for evaluation of CHP Biomethane Anaerobic Digestion  
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Table 27 – Trend of CHP Biomethane Anaerobic Digestion 

 

 

 

 

Figure 43 – Cost trend for CHP Biomethane Anaerobic Digestion production 
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CHP - Biomethane Thermal Gasification 

Table 28 - Data for evaluation of CHP Biomethane Thermal gasification  
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Table 29 - Trend of CHP Biomethane Thermal gasification 

 

 

 

 

Figure 44 – Cost trend for CHP Biomethane Thermal gasification production 
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CHP - Hydrogen  

Table 30 - Data for evaluation of  CHP Hydrogen  
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Table 31 - Trend of CHP Hydrogen 

 

 

 

 

Figure 45 - Cost trend for CHP Hydrogen production 
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3.3.1.2 Boilers  
 

The analysis of the boilers is focused exclusively on the heating phase of the site, which 

constitutes only a fraction of the overall thermal production. Given the small volume of energy 

considered, two distinct scenarios have been developed: the first involves the simple 

replacement of existing boilers with different types of fuel, while the second scenario extends 

this hypothesis by including the possibility of sustainable technological integration, such as the 

installation of a heat pump, which would offer environmental benefits. The two scenarios will 

be analyzed in detail below. 

Boiler scenario 

Similar to the analysis provided for the cogenerator, the thermal model compares different 

technologies under the same operating conditions, identifying the optimal solution, allowing 

the replacement of the current technology with the one that offers the best €/kWht ratio. 

The types of boilers examined are three, as indicated below: 

 Boilers powered by natural gas 

 Boilers powered by biomethane – anaerobic digestion 

 Boilers powered by biomethane – thermal gasification 

these differ in the type of fuel used and in: 

 Installation cost of the plant; 

 Fuel cost, calculated with the following formula: 

Cost of fuel [ € ] = Gas cost of fuel [ €/Sm3 ] ∗  Fuel injected [Sm3] 

(3. 11) 

 Useful life duration; 

 Amount of CO₂ emitted, which will affect the carbon tax cost, calculated with the 

formula:  

Total C02 emission = CO2 emission factor [
tCO2

MJ
] ∗ Net Calorif value [

MJ

Sm3
]  ∗

                                             Fuel injected [Sm3]       

(3. 12) 
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The values of tons of oil equivalent are: 

o 1000 Sm3 of Natural Gas corresponds to 0.836 Toe 

o 1000 Sm3 of Biomethane corresponds to 0.55 Toe 

Depending on the plant, the following is considered: 

 The Net Present Value (NPV) of the capital is calculated from the installation cost 

define as follows:  

 

NPV =  
(Cost of installation ∗  Discount rate)

( 1 −  ( 1 +  Discount rate) ^(− Years of operation) ) 
 

(3. 13) 

where the discount rate is set at 5%. 

 The thermal production of the boilers is constant from 2024 to 2050 (mainly for space 

heating). The estimated value of thermal production is 620,712 kWht annually. The 

boiler operates for about 6,240 hours per year, including maintenance hours, which 

generate a cost that is included in the annual maintenance cost. 

 The amount of fuel used varies depending on the type of fuel chosen, as it is directly 

related to the Net Calorific Value. Once the amount of fuel needed to power the plant is 

determined, this value will remain constant from 2024 to 2050. 
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Figure 46 - Parameters for Boiler analysis 

 

Once the parameters are established and the fuel cost, type of gas used, costs associated with 

CO₂ emissions (carbon tax), and annual maintenance costs are determined, we will be able to 

calculate the total annual cost for thermal production using the following formula: 

TOTAL COST = present value of capital [€] + Cost of fuel  [€] +  Matainance cost [€] +

                                +Carbon tax [€]       

(3. 14) 

Once the amount of heat produced is defined, we can calculate the production cost of the 

thermal commodity, ensuring total heating for each year from 2024 to 2050. Comparing the 

obtained data will allow us to identify the technology with the best €/kWht ratio. 

The formula for the unit production cost is: 

Cost of heating production [
€

kWht
] =

Total cost for heating

Heating production
 

(3. 15) 
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Figure 47 - Yearly evaluation of Boiler cost. 

 

Heat pump 

The analysis model for the Heat pump considers various parameters that influence its technical 

and economic performance, namely: 

 Installation cost of the technology; 

 Thermal production and electrical demand of the machine: the estimated thermal 

production is 409,308 kWh, while the electrical demand is 162,625 kWh. These values 

are calculated based on the annual operating hours of the system, which are 5,000 

hours/year, including maintenance hours (each maintenance hour incurs an additional 

cost that contributes to the total annual maintenance cost). 

 Useful life duration; 

 Incentives obtained from the production of thermal energy from a sustainable 

source. The calculation of incentives follows these steps: 

1. Definition of the thermal power produced, Qu, and the nominal power of the 

heat pump, Pn. 

2. Consideration of the machine’s COP (Coefficient of Performance) value. 

3. Definition of a heat pump utilization coefficient Quf, which varies depending on 

the climatic zone of installation. 
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 The incentivized thermal energy produced in a year is calculated as:  

Ei =  Qu ∗ (1 −  1/COP ) 

(3. 16) 

Additionally, a thermal energy valorization coefficient, Ci, of 0.018 €/kWh is considered, as 

the nominal power falls within the range of 35 kW to 500 kW. 

The total value of the incentives will therefore be given by:  

Incentives =  Ei ∗  Ci 

(3. 17) 

This methodology allows for the quantification of economic incentives related to the production 

of sustainable thermal energy, taking into account the efficiency and utilization of the heat 

pump in relation to the climatic context. 

 

Figure 48 - Parameters for Heat pump analysis. 

After establishing the above-mentioned parameters, it is possible to calculate the total annual 

cost for thermal production using the following formula: 

TOTAL COST = present value of capital [€] + Cost of electricity withdraw [€]

+  Matainance cost [€] − Incentives [€] 

(3. 18) 
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Once the amount of heat produced is defined, we can calculate the production cost of the 

thermal commodity, ensuring total heating for each year from 2024 to 2050. Comparing the 

obtained data will allow us to identify the technology with the best €/kWht ratio. 

The formula for the unit production cost is: 

Cost of heating production [
€

kWht
] =

Total cost for heating

Heating production
 

(3. 19) 

 

 

Figure 49 - Yearly evaluation of Heat pump cost. 
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Boiler with Heat pump scenario 

The analysis model for the Boiler with Heat Pump utilizes both technologies simultaneously. 

We analyze the use of three different boilers along with the Heat Pump: 

 Boilers powered by natural gas 

 Boilers powered by biomethane – anaerobic digestion 

 Boilers powered by biomethane – thermal gasification 

The parameters influencing this model are: 

 Installation cost of the technology, derived from the sum of the installation costs of 

both technologies. 

 Thermal production and electrical demand of the machine: The estimated thermal 

production is 620,712 kWh, given by the sum of the thermal production of the boilers 

211,404 kWh and that of the heat pump 409,308 kWh. These values are calculated based 

on the annual operating hours of the plant, which are 6,240 hours/year, including 

maintenance hours (each maintenance hour incurs an additional cost contributing to the 

total annual maintenance cost). 

 Useful life duration; 

 Fuel cost, calculated with the following formula:  

 Cost of fuel [ € ] = Gas cost of fuel [ €/Sm3 ] ∗  Fuel injected [Sm3]  

(3. 20) 

 Amount of CO₂ emitted (which will affect the carbon tax cost), calculated with the 

formula: 

 

 Total C02 emission = CO2 emission factor [
tCO2

MJ
] ∗ Net Calorif value [

MJ

Sm3
]  ∗

                                            Fuel injected [Sm3]       

(3. 21) 

The values of tons of oil equivalent are: 

o 1000 Sm3 of Natural Gas corresponds to 0.836 Toe 

o 1000 Sm3 of Biomethane corresponds to 0.55 Toe 
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 Incentives obtained through thermal energy production via the heat pump.  

 

Depending on the plant, considered as the combination of boilers and the heat pump, the 

following is considered: 

 Net Present Value (NPV) of the capital is calculated from the installation cost defined 

as follows: 

VAN =  
(Cost of installation ∗  Discount rate)

( 1 − ( 1 +  Discount rate) ^(− Years of operation) ) 
 

(3. 22) 

 where the discount rate is set at 5%. 

 Constant thermal production from 2024 to 2050 (mainly for space heating). The 

estimated value of thermal and electrical production is 620,712 kWh annually. The 

boiler operates for about 6,240 hours per year, including maintenance hours, which 

generate a cost included in the annual maintenance cost. 

 Fuel quantity used varies based on the type of fuel chosen, as it is directly related to 

the Net Calorific Value. Once the amount of fuel needed to power the plant is 

determined, this value will remain constant from 2024 to 2050. 
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Figure 50 - Parameters for Boiler with Heat pump analysis. 

 

Once the above parameters are established and the fuel cost, type of gas used, CO₂ emission 

costs (carbon tax), and annual maintenance costs are determined, we can calculate the total 

annual cost for thermal production using the following formula: 

TOTAL COST = present value of capital [€] + Cost of fuel  [€] +

                               + Cost of electricity withdraw [€] +  Matainance cost [€] +

                               + Carbon tax [€] − Incentives [€]       

(3. 23) 

Given the amount of heat produced, we can calculate the production cost of the thermal 

commodity, ensuring total heating for each year from 2024 to 2050. Comparing the obtained 

data will allow us to identify the technology with the best €/kWh ratio. The formula for the unit 

production cost is. 
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The formula for the unit production cost is: 

Cost of heating production [
€

kWht
] =

Total cost for heating

Heating production
 

(3. 24) 

 

 

Figure 51- Yearly evaluation of Boiler with Heat Pump cost 
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Below are the values analyzed for each technology:  

The technologies differ in the amount of fuel injected because each fuel has its own Net 

Calorific Value. 

Boiler scenario: 

Boiler - Natural Gas: 

Table 32 – Data for evaluation of Boiler Natural Gas  
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Table 33 - Trend of Boiler Natural Gas 
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Boiler - Biomethane Anaerobic Digestion 

Table 34 - Data for evaluation of  Boiler Biomethane Anaerobic digestion  

 

 

Table 35 - Trend of Boiler Biomethane Anaerobic digestion 
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Boiler - Biomethane Thermal Gasification 

Table 36 - Data for evaluation of Boiler Biomethane Thermal gasification  

 

Table 37 - Trend of Boiler Biomethane Thermal gasification 
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Boiler with Heat pump scenario 

Boiler with Heat pump – Natural Gas 

Table 38 - Data for evaluation of Boiler Natural Gas with heat pump  
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Table 39 - Trend of Boiler Natural Gas with heat pump 
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Boiler with Heat pump - Biomethane Anaerobic Digestion 

Table 40 - Data for evaluation of Boiler Biomethane Anaerobic digestion with heat pump  

 

Table 41 - Trend of Boiler Biomethane Thermal gasification with heat pump 
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Boiler with Heat pump - Biomethane Thermal Gasification 

Table 42 - Data for evaluation of Boiler Biomethane Thermal gasification with heat pump 

 

Table 43 - Trend of Boiler Biomethane Thermal gasification with heat pump 
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The following graphs show a comparison between the two evaluated scenarios for the 
different fuels considered:  

 

 

Figure 52 – Comparison of cost trend of different scenario for boiler Natural Gas 

 

 

 

Figure 53 - Comparison of cost trend of different scenario for boiler Biomethane Anaerobic digestion 



129 
 

 

Figure 54 - Comparison of cost trend of different scenario for boiler Biomethane thermal gasification 
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3.3.2 Electrical model 

The analysis of the electrical model compares two scenarios: 

 First scenario: Evaluates the electricity demand using the technologies already present in the 

plant, such as the existing photovoltaic system, the cogenerator, and the electricity supplied 

by the grid. 

 Second scenario: Extends the first scenario by including an additional photovoltaic 

installation, which reduces the demand for energy from the grid, generating savings in terms 

of consumption. 

The following table shows the trend of electricity costs, expressed in €/MWh, between 2024 

and 2050. 

 
Table 44 - Cost variation of Electricity 

 

 

In this model, a linear trend of electricity cost reduction is assumed, with an average annual 

decrease of 2.36%. This reduction is attributable to an increase in energy production capacity 

from renewable sources over the period from 2024 to 2050. The expansion of renewable 

plants, such as photovoltaic, wind, and hydroelectric, indeed promotes greater availability of 

electricity at lower costs, contributing to a reduction in the average energy price in the long 

term. 

Before analyzing the scenarios, we define the parameters considered in the technology 

analysis: 
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Cogenerator heat and power : 

The technology has already been defined in the thermal model mentioned earlier. 

 
Figure 55 - Parameters for CHP analysis. 

 
Figure 56 - Yearly evaluation of CHP cost. 
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Photovoltaics: 

The parameters considered for photovoltaic technologies are: 

 Installation cost of the plant, from which the Present Value of Capital is defined, 

considering a discount rate of 5%. 

 Nominal and actual production of the plant. Once the production values of the plant are 

defined, an annual maintenance value will also be considered. 

 Emissions avoided through the renewable plant, with estimates taken from Elmec s.r.l. 

 

Figure 57 - Parameters for photovoltaics  analysis 

Additionally, a decrease in the efficiency of photovoltaic plants of 0.55% is considered from 

2024 to 2050. 

 

Figure 58 – Yearly evaluation of photovoltaic cost. 
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The electrical analysis model was developed to evaluate the annual cost of electricity, 

expressed in €/kWh, in the two scenarios under consideration. 

 

3.3.2.1 Current situation 
 

The model considers the following parameters for the analysis: 

 Installation cost of the plants: cost of the various technologies present in the plant, such as 

the photovoltaic system and the cogeneration unit (CHP). 

For each plant, the following is calculated: 

 Net Present Value (NPV) of the invested capital, determined by the installation cost 

according to the formula: 

 

VAN =  
(Cost of installation ∗  Discount rate)

( 1 − ( 1 +  Discount rate) ^(− Years of operation) ) 
 

(3. 25) 

 

where the discount rate is set at 5%. 

 Total electricity production: An overall electricity production of 11,247,997 kWh has 

been estimated, maintained constant from 2024 to 2050. The analysis considers the 

production estimates of the individual plants, with the photovoltaic system generating 

886,949 kWh and the cogenerator 3,243,247 kWh, while the remaining part is 

supplemented by the grid. 

It is expected that the share of electricity required from the grid will progressively increase 

each year due to the reduction in the efficiency of the photovoltaic system. The annual 

operating hours of the plants, including maintenance hours, have also been considered; each 

maintenance hour contributes to the total annual maintenance cost. 

The current situation assumes that the cogeneration technology in use is based on natural gas. 

Here, it will also be important to define: 
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 Fuel cost, calculated with the following formula: 

 

Cost of fuel [ € ] = Gas cost of fuel [ €/Sm3 ] ∗  Fuel injected [Sm3] 

(3. 26) 

 Useful life duration; 

 Amount of CO₂ emitted, which will affect the cost of the carbon tax, calculated with the 

following formula: 

 

                        Total C02 emission = CO2 emission factor [
tCO2

MJ
] ∗ Net Calorif value [

MJ

Sm3
]  ∗

                                                                     Fuel injected [Sm3]      

(3. 27) 

 Incentives obtainable through white certificates, valid for a duration of 10 years, 

calculated with the formula: 

 

Incentives = White certificates price [
€

TOE
] ∗  Tons of oil equivalent [TOE] 

(3. 28) 

The value of the equivalent tons is 0.836 Toe, which corresponds to 1000 Sm³. 
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Figure 59 - Parameters for analysis of Current situation  

 

Once the type of gas used, the fuel cost, the costs associated with CO₂ emissions (carbon tax), 

the annual maintenance costs, the incentives from white certificates, and the net present value 

of each plant are established, we can calculate the total annual cost for electricity production. 
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The formula for calculating the total cost is: 

 

TOTAL COST for eletricity = present value of capital CHP [€] +

                                                           + Cost fuel for electricity[€] +

                                                           + Matainance cost for CHP [€] +

                                                           − Incentives [€] + Carbon tax [€] +

                                                           + present value of capital FTV1 [€] +

                                                           + Matainance cost for FTV1 [€] +

                                                           + Cost of electricity from grid [€]       

(3. 29) 

 

Once the annual electricity demand of the plant is defined, the cost of producing electricity in 

€/kWh in the current situation can be calculated: 

Cost of electricity production [
€

kWht
] =

Total cost for electricity

Electricity production
 

(3. 30) 

 

 

Figure 60 – Yearly evaluation of Current situation 
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3.3.2.2 Situation with new photovoltaic system 

The model considers the following parameters for the analysis: 

 Installation cost of the plants: The installation cost of the various technologies present in 

the plant is examined, such as both photovoltaic systems and the cogeneration unit (CHP). 

For each plant, the following is calculated: 

 Net Present Value (NPV) of the invested capital, determined by the installation cost 

according to the formula: 

VAN =  
(Cost of installation ∗  Discount rate)

( 1 − ( 1 +  Discount rate) ^(− Years of operation) ) 
 

(3. 31) 

where the discount rate is set at 5%. 

 Total electricity production: An overall electricity production of 11,247,997 kWh has 

been estimated, maintained constant from 2024 to 2050. The analysis considers the 

production estimates of the individual plants that generating, with the first photovoltaic 

system 886,949 kWh, the new photovoltaic system 771.104 kWh  and the cogenerator 

3,243,247 kWh, while the remaining part is supplemented by the grid. 

It is expected that the share of electricity required from the grid will progressively increase 

each year due to the reduction in the efficiency of the photovoltaic system. The annual 

operating hours of the plants, including maintenance hours, have also been considered; each 

maintenance hour contributes to the total annual maintenance cost. 

The current situation assumes that the cogeneration technology in use is based on natural gas. 

Here, it will also be important to define: 

 Fuel cost, calculated with the following formula: 

 

Cost of fuel [ € ] = Gas cost of fuel [ €/Sm3 ] ∗  Fuel injected [Sm3] 

(3. 32) 

 Useful life duration; 
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 Amount of CO₂ emitted, which will affect the cost of the carbon tax, calculated with the 

following formula: 

 

                      Total C02 emission = CO2 emission factor [
tCO2

MJ
] ∗ Net Calorif value [

MJ

Sm3
]  ∗

                                                                  Fuel injected [Sm3]      

(3. 33) 

 Incentives obtainable through white certificates, valid for a duration of 10 years, 

calculated with the formula: 

 

Incentives = White certificates price [
€

TOE
] ∗  Tons of oil equivalent [TOE] 

(3. 34) 

The value of the equivalent tons is 0.836 Toe, which corresponds to 1000 Sm³. 

. 
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Figure 61 - Parameters for analysis of Situation with new photovoltaic system  
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Once the type of gas used, the fuel cost, the costs associated with CO₂ emissions (carbon tax), 

the annual maintenance costs, the incentives from white certificates, and the net present value 

of each plant are established, we can calculate the total annual cost for electricity production. 

The formula for calculating the total cost is: 

 

TOTAL COST for eletricity = present value of capital CHP [€] +

                                                           + Cost fuel for electricity [€] +

                                                           + Matainance cost for CHP [€] −   Incentives [€] +

                                                           + Carbon tax [€] +  present value of capital FTV1 [€] +

                                                           + Matainance cost for FTV1 [€] +

                                                           + present value of capital FTV2 [€] +

                                                           + Matainance cost for FTV2 [€] +

                                                           + Cost of electricity from grid [€]       

(3. 35) 

Once the annual electricity demand of the plant is defined, we can calculate the cost of 
producing electricity in €/kWh in the analyzed situation. 

 

Figure 62 – Yearly evaluation of Situation with new photovoltaic system  
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Below are the analyzed values for each technology: 

CHP – Natural Gas 
Table 45 - Data for evaluation of CHP Natural Gas 

 

Table 46 - Trend of CHP Natural Gas 

 



142 
 

 

Figure 63 - Cost trend for CHP Natural Gas production 
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FTV1 – Photovoltaic system 

Table 47 - Data for evaluation of Photovoltaic system 

 

 

Table 48 - Trend of Photovoltaic system  
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Figure 64 - Cost trend for Photovoltaic system production  
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FTV2 – Photovoltaic system 

Table 49 - Data for evaluation of new Photovoltaic system 

 

 

 

Table 50 - Trend of new Photovoltaic system 
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Figure 65 - Cost trend for new Photovoltaic system production 

 

 

 

 

Figure 66 – Comparison of different cost trend 
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Current situation 

Table 51 - Data for evaluation of Current situation  
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Table 52 - Trend of Current situation  
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Situation with new photovoltaic system 

Table 53 – Data for evaluation of Situation with new photovoltaic system 
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Table 54 – Trend of Situation with new photovoltaic system 

 

 

 

Figure 67 – Comparison between different scenario 
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4 RESULT’S ANALYSIS AND SUSTAINABILITY STRATEGIC 
PLAN 

 

After analyzing the analytical model in the previous chapter, the results are presented 

graphically, along with the relevant observations. 

4.1 COGENERATOR MODEL RESULTS 
 

 

Figure 68 – Result’s trend of Congenator technology in terms of €/kWht 
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Figure 69 - Result’s trend of Congenator technology in terms of €/kWhe 

 

The graphs show that the cogenerator powered by biomethane produced through thermal 

gasification, in the year 2046, will allow to produce thermal energy more conveniently in terms 

of €/kWht. Subsequently, it will also achieve the goal from the perspective of electrical 

production expressed in €/kWh; for this reason, the technology of the cogenerator powered by 

biomethane produced through thermal gasification is the best to replace the cogenerator 

powered by natural gas. 

The trend of the curves related to biomethane and hydrogen is decreasing during the observation 

years but is interrupted by a cost increase between 2034 and 2035 due to the discontinuation of 

incentives. Nevertheless, the decreasing trend of the curves is sufficient to allow for the 

replacement of the machinery. 

The trend of the curve related to the cogenerator powered by natural gas is increasing. Again, 

the discontinuation of incentives strongly contributes to the rise in costs, which continue to 

grow due to the costs of the carbon tax resulting from the production of carbon tones. 

Due to its high costs, hydrogen cannot be considered for technological replacement regarding 

the cogenerator. 
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From the analysis of the provided graphs, one can observe a detailed comparison between 

various cogeneration technologies to produce electrical and thermal energy, powered by natural 

gas, biomethane (both from anaerobic digestion and thermal gasification), and hydrogen. 

Natural Gas: The first element to consider is the trend of the production costs of the 

cogenerator powered by natural gas. The graphs show a rising cost trend from 2024 to 2050. 

This increase is mainly influenced by the cessation of incentives and the rising costs associated 

with the carbon tax, which progressively burdens systems with high CO₂ emissions like natural 

gas. This increase makes this technology economically less sustainable in the long term, 

pushing the search for less expensive and less polluting alternatives. 

Biomethane: Biomethane, especially that produced through thermal gasification, emerges as 

the most promising alternative to replace the natural gas cogenerator. Starting in 2024, both 

biomethane technologies (anaerobic digestion and thermal gasification) benefit from 

government incentives for renewable energy. This initial support makes biomethane production 

costs more competitive and allows for a descending trend in the early years. 

 For biomethane produced through thermal gasification, this initial phase of cost 

reduction is particularly significant: between 2024 and 2034, the costs per energy unit 

steadily decrease, making the technology increasingly accessible. 

 This phase temporarily halts in 2035, when the cessation of incentives leads to a cost 

increase for all renewable technologies. 

 However, biomethane from thermal gasification continues to be advantageous even 

after this critical phase. Unlike natural gas, whose cost is heavily influenced by fossil 

fuel price variations and carbon tax policies, biomethane produced by thermal 

gasification benefits from continuous improvements in its production and availability, 

progressively reducing unit costs. 

After 2035, even without incentives, the costs of this technology resume their downward trend. 

This effect is mainly due to technological efficiency improvements and the increased spread of 

biomethane production plants, which favor economies of scale. The long-term stability and cost 

reduction make thermal gasification of biomethane not only sustainable but also economically 

competitive. In 2046, biomethane from thermal gasification reaches a turning point: the costs 

per kWh (electrical energy) and per kWht (thermal energy) become competitive enough to 

surpass those of natural gas. 



154 
 

Hydrogen: Hydrogen, while theoretically representing a clean and low-emission technology, 

is not economically competitive. The production and distribution costs of hydrogen remain high 

throughout the analyzed period, making this option unsuitable for replacing the natural gas 

cogenerator. Even after the end of incentives for other technologies, hydrogen continues to 

maintain prohibitive costs, reducing its ability to compete economically. 

 

4.2 BOILERS MODEL RESULTS 
 

Boiler: 

 

 

Figure 70 - Result’s trend of Boiler technology in terms of €/kWht 

 

 

 

 

 

 



155 
 

Boiler with heat pump: 

 

Figure 71 - Result’s trend of Boiler with heat pump technology in terms of €/kWhe 

 

The graphs above highlight the costs of thermal technologies based on biomethane and natural 

gas, considering different energy sources and the integration of heat pumps. The data show how 

these costs evolve up to 2050, providing an overview of future trends. 

Regarding natural gas, a steady increase in costs is observed in the long term. This increase is 

probably due to CO₂ emission-related costs, such as carbon taxes, making this technology 

progressively less sustainable. Even with the adoption of heat pumps, which improve the overall 

system efficiency, natural gas costs continue to rise. This means that despite an improvement 

in efficiency, the use of natural gas becomes less competitive compared to renewable 

alternatives, especially in a context where environmental costs play a significant role. 

Moving on to biomethane from anaerobic digestion, initially, the costs are higher than those 

of natural gas. However, in the scenario related to the installation of heat pumps, the incentives 

for renewable energies tend to further decrease the thermal production costs in the early years. 

Around 2040, a stabilization or slight increase in costs is observed, due to the cessation of 

incentives. Despite this, biomethane from anaerobic digestion manages to maintain some 

competitiveness compared to natural gas, both in the version that considers only boilers and in 

the one that includes the installation of heat pumps. 
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Finally, the most promising technology seems to be biomethane from thermal gasification. 

This technology shows a cost trend similar to that of anaerobic digestion, but with a more 

marked reduction in the early years. It becomes economically advantageous compared to 

natural gas over a shorter time frame, thanks to continuous improvements in production 

processes and greater efficiency, which favor a progressive reduction in costs per kWht. Even 

with the integration of heat pumps, biomethane from thermal gasification shows lower costs 

compared to natural gas, positioning itself as one of the most competitive and sustainable 

options in the long term. 

In summary, biomethane, especially that produced through thermal gasification, emerges as a 

more sustainable and competitive solution compared to natural gas, especially considering 

environmental costs and future trends. 

4.3 MODEL EFFECT 
 

Table 55 – Constant distribution volumes analyzed  

 

Once the consumption has been defined, the technological changes implemented are analyzed 
over a timeline: 



157 
 

 

Figure 72 – Timeline  

Below is presented the analysis of the yearly temporal evolution for each project implemented, which 

has provided environmental sustainability benefits to the plant. 

This analysis considers the initial situations of the plant and evaluates the final state under three distinct 

scenarios: no project implementation; implementation of the planned projects; and implementation of 

the planned projects with the addition of a heat pump. 

In detail, when the projects include the installation of a heat pump, the plant's overall electrical demand 

increases by 162,625 kWh, which corresponds to the additional energy requirement of the heat pump 

itself. All analysis results are presented as KPIs (Key Performance Indicators), defining both the plant's 

annual energy demand and the annual energy demand from grid-supplied sources. 

The KPI related to the total consumption of the plant is calculated by relating the annual reference energy 

demand to the liters produced in the same year. 

KPI =
Energy consuption for the reference year

Liters produced in the reference year
  

(3. 36) 

The calculation of the plant's energy demand is determined as follows: 

 

Energy consuption =   Total Gas [Sm3]* 39,4 [
Sm3

MJ
] + Total electricity [kW]* 3,6 [

kW

MJ
] 

(3. 37) 

The KPI related to the consumption from external sources is determined by relating the energy 

demand of external sources to the reference year. 

 

KPI =
Energy consumption from external sources for the reference year

Liters produced in the reference year
 

(3. 38) 
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The calculation of the external sources required by the plant is as follows: 

Energy consumption from external sources = Total Gas [Sm3] * 39,4 [
Sm3

MJ
] 

+ Grid electricity [kW] * 3,6 [
kW

MJ
]                 

(3. 39) 

 

Table 56 – Energy consumption of the plant for 2024 Scenario and calculation of KPI total consumption 

 

Table 57 - Energy consumption of the plant for 2024 Scenario and calculation of KPI external consumption 
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Table 58 - Energy consumption of the plant for 2025 Scenario and calculation of KPI total consumption 

 

 

Table 59 - Energy consumption of the plant for 2025 Scenario and calculation of KPI external consumption 
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Table 60 - Energy consumption of the plant for 2045 Scenario and calculation of KPI total consumption 

 

Table 61 – Energy consumption of the plant for 2045 Scenario and calculation of KPI external consumption 
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Table 62 - Energy consumption of the plant for 2045 Scenario with heat pump installation and calculation of KPI total 
consumption 

 

Table 63 – Energy consumption of the plant for 2045 Scenario with heat pump installation and calculation of KPI external 
consumption 
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Table 64 – Energy consumption of the plant for 2046 Scenario and calculation of KPI total consumption 

 
Table 65 – Energy consumption of the plant for 2046 Scenario and calculation of KPI external  consumption 
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Table 66 - Energy consumption of the plant for 2046 Scenario with heat pump installation and calculation of KPI total 
consumption 

 

Table 67 - Energy consumption of the plant for 2046 Scenario with heat pump installation and calculation of KPI external 
consumption 
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Table 68 - Energy consumption of the plant for 2050 Scenario without project and calculation of KPI total consumption 

 

Table 69 - Energy consumption of the plant for 2050 Scenario without project and calculation of KPI external  consumption 
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Table 70 - Energy consumption of the plant for 2050 Scenario and calculation of KPI total consumption 

 

Table 71 - Energy consumption of the plant for 2050 Scenario and calculation of KPI external  consumption 
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Table 72 - Energy consumption of the plant for 2050 Scenario with heat pump installation and calculation of KPI total 
consumption 

 

Table 73 – Energy consumption of the plant for 2050 Scenario with heat pump installation and calculation of KPI external 
consumption 
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Figure 73 – Comparison between KPI consumption considering project 

 

Table 74 – Trend of KPI consumption for Scenario with project 
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Figure 74 - Comparison between KPI consumption considering project with heat pump 

 

Table 75 - Trend of KPI consumption for Scenario with project and heat pump 
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The illustrated graphs highlight the energy consumption of the Novi Ligure plant, comparing 

total consumption and consumption from external sources, expressed as KPIs (Key 

Performance Indicators). These consumptions are evaluated in two scenarios: one that considers 

only standard projects and one that includes the installation of a heat pump. In both cases, a 

decreasing trend in consumption is observed, indicating that the energy needs of the plant are 

set to be reduced thanks to new technologies. 

Total and External Source Consumption The graphs show that the total consumption of the 

plant and consumption from external sources decrease over time. This is due to the adoption of 

new technologies that improve energy efficiency. In particular, the installation of the 

photovoltaic system and the heat pump significantly contribute to this reduction. 

Reduction in Imported Network Consumption The reduction in consumption is even more 

evident in KPIs related to the consumption imported from the network, both for gas and 

electricity. Starting from the 2024 scenario, the model predicts a series of interventions that will 

lead to a substantial reduction in energy demands by 2050. These interventions include: 

 Installation of a new photovoltaic system: This will contribute to generating renewable 

energy directly on-site, reducing dependency on the grid. 

 Replacement of boiler fuel: The use of biomethane instead of natural gas will reduce 

CO₂ emissions and energy costs. 

 Conversion of the cogenerator to biomethane from thermal gasification: This will 

further improve energy efficiency and reduce emissions. 

Impact on CO₂ Emissions Energy savings not only reflect in terms of energy consumption 

(MJ) but also in a significant reduction in CO₂ emissions. In 2050, without interventions, the 

plant is estimated to produce 1,414 tons of CO₂ annually from the cogenerator and 165 tons 

annually from the boilers, for a total of 42,642 tons of CO₂ produced over the analysis period. 

The implementation of the thermal model will start reducing CO₂ emissions from 2045, with 

the first significant replacement, leading to a savings of 6,482 tons of CO₂. Additionally, the 

electrical model, thanks to the new photovoltaic installation, will allow an annual savings of 

728 tons of CO₂. The existing photovoltaic system already allows avoiding about 837 tons of 

CO₂ per year. Overall, the photovoltaic systems will ensure an annual reduction of 1,565 tons 

of CO₂ for 25 years, allowing savings of about 39,000 tons of CO₂. This, added to the savings 

generated by the thermal model, will lead to a total reduction of about 45,000 tons of CO₂. 
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These interventions will make the plant more sustainable, aligning it with European 

Commission regulations for future energy scenarios. The model will prepare the plant for the 

challenges of decarbonization, improving the company's image from a sustainability 

perspective. 
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5 CONCLUSION ON MODEL APPLICATION IN NOVI PLANT 
AND GENERAL SUSTAINABILITY VISION FOR CAMPARI 
GROUP 

 

The conclusion of the energy analysis model for the plant outlines a path of radical 

transformation, oriented towards environmental sustainability achieved through the adoption of 

advanced technologies and the progressive replacement of fossil fuels with renewable sources. 

A key element that emerged from the results is biomethane, particularly that produced through 

thermal gasification processes. This fuel proves to be the most suitable solution to replace 

current technologies based on natural gas. The transition is driven not only by the rising costs 

associated with natural gas, influenced by carbon taxes and CO₂ emission reduction policies, 

but also by the competitive advantages of biomethane, supported by state incentives for 

renewable energy. 

The analysis shows how biomethane from thermal gasification maintains a decreasing cost 

profile in the long term, eventually stabilizing at levels that make it not only an ecological 

choice but also economically advantageous compared to traditional sources. Despite a 

temporary interruption of economic benefits due to the cessation of incentives in 2035, the 

competitiveness of biomethane is quickly regained thanks to technological advancements and 

the greater diffusion of production plants, which promote efficiency increases and create 

economies of scale. From 2045, the production of thermal and electrical energy through 

biomethane from thermal gasification becomes economically advantageous compared to the 

use of natural gas, making it a solid and sustainable solution for the plant in the long term. 

The decarbonization process of the plant also involves the introduction of new technological 

installations. The integration of heat pumps, particularly effective in combination with 

biomethane from thermal gasification, is crucial for improving the overall energy efficiency of 

the system. Heat pumps, applied to thermal production plants, allow for the optimization of 

energy consumption and the reduction of procurement costs from the grid, using renewable 

energy or less carbon-intensive sources. This strengthens the plant's ability to save energy and 

improve its ecological profile. 

In parallel, the expansion of photovoltaic systems also plays a decisive role in this transition. 

Photovoltaic systems not only reduce the demand for energy from the grid but also contribute 
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to increasing the plant's energy resilience, reducing vulnerability to energy price fluctuations, 

and promoting greater energy independence. Overall, these systems ensure a considerable 

annual CO₂ savings, which adds to the emission reductions resulting from the adoption of 

biomethane and the energy efficiency of cogeneration systems. 

The reduction of CO₂ emissions stands out as one of the most significant results of the analysis. 

The planned interventions lead to a significant decrease in the plant's carbon footprint. From 

the early years of model implementation, with the expansion of photovoltaic systems, a gradual 

reduction in overall energy demand is observed. These savings translate into a substantial 

decrease in annual emissions, consolidating the plant's path towards an increasingly sustainable 

scenario. The analyses indicate that, between the thermal and electrical systems, the overall 

annual CO₂ savings will be significant and in line with the standards of European regulations 

for industrial decarbonization. 

In summary, the results of the model demonstrate how the plant can achieve significant energy 

optimization through a series of planned interventions. These include the replacement of fossil 

fuels with biomethane in systems currently powered by natural gas, such as cogenerators and 

boilers, and the integration of innovative technologies such as photovoltaic systems and heat 

pumps. The outlined strategy is not only effective for environmental sustainability but also 

positions the plant at the forefront of global energy challenges. This transition model is set to 

transform the plant into a facility aligned with environmental regulations, consolidating the 

company's image towards 
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