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ABSTRACT 

The increase in world population - which is expected to reach 9.2 billion people by the year 2050 - and the 

resulting demand for food, water and energy are exerting increasing pressure on soil, water resources and 

ecosystems. Agriculture is the largest consumer of the world’s freshwater resources, and more than one-

quarter of the energy used globally is expended on food production and supply. The urgent need for 

doubling farms over the next 25 years on less land with less water through intensification would inevitably 

involve substantial social, economic and environmental costs. 

Agri-food sector, as all industrial processes, presents along its life cycle and production chain considerable 

environmental impacts. Identification of tools to minimize such costs through the enhanced environment 

is, therefore, crucial. 

The purpose of the study is to carry out an environmental analysis and optimisation of the agri-food sector 

in order to improve the energy-environmental performance of certain food products of the Conserve Italia 

company, one of largest European agri-food companies, specialized in vegetables and tomatoes preserves, 

fruit-based juices and beverages and fruit in syrup.  

After an analysis of the entire company production, the agricultural crops that have been identified as 

significant in terms of sales volumes, strategic importance, potential to improvement and direct control of 

the company over the entire supply chain, are the following: beans, peas, corn, chickpeas, and tomatoes. 

The selection of these crops also allowed the analysis of 40 different manufactured food products. 

Preliminarily, a “cradle to grave” perspective was applied to the afore mentioned products in order to 

analyse the environmental loads of the investigated products along their whole life cycles. This approach 

allows evaluating phases, such as cultivation, which might contribute considerably on the environmental 

impact of a product.  

The set of impact categories was identified in order to pave the way for water–energy–food (WEF) nexus 

quantification. For the purpose of this thesis, the focus was therefore put on four parameters considered 

most representative for the food–energy–water nexus: Carbon Footprint (CF), Water Footprint (WF), 

Ecological Footprint (EF) and Cumulative Energy Demand (CED).  In particular, the CED and WF 



 

indicators, enable a complete computation of consumption of resources from a life cycle perspective for 

the two sectors (energy – food and water – food) linkages.  

The second phase of the research was mainly focused on the optimization of the production process 

focusing mainly on the cultivation phase. Through collaboration with the “Cassandra Lab” research centre 

of the University of Milan, it was possible to assess how, through precision agriculture, it is possible to 

improve the management of water resources and the inputs used.  In particular, it was investigated how 

climate change can negatively affect environmental impacts and, therefore, it was evaluated how it is 

possible to mitigate the negative effects of expected climate variations by optimizing management 

adaptation strategies and identifying ideotypes. 

The environmental impacts of crate production for food packaging were assessed and a solution of food 

waste reutilisation for food packaging was analysed in order to close the life cycle analysis of food products. 

Finally, a single WEF indicator was defined in order to monitor and define company future strategies 

towards environmental sustainability. 

Through this analysis, the company would be able to undertake better agricultural management practices 

thus reducing the environmental impact and the use of energy and water resources along the supply chain. 
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INTRODUCTION 1 

1. INTRODUCTION 

The food industry is one of the world’s largest industrial sectors and hence is a large user of energy. 

Greenhouse gas (GHG) emission, which has increased remarkably due to tremendous energy use, has 

resulted in global warming, perhaps the most serious problem that humankind faces today. Food production, 

preservation and distribution consume a considerable amount of energy, which contributes to total CO2 

emission. Moreover, consumers in developed countries demand safe food of high quality that has been 

produced with minimal adverse impacts on the environment. There is increased awareness that the 

environmentally conscious consumer of the future will consider ecological and ethical criteria in selecting 

food products. It is thus essential to evaluate the environmental impact and the utilization of resources in 

food production and distribution systems for sustainable consumption (Roy et al., 2009). Over their lifetime, 

products (goods and services) not only serve valuable functions, but they also contribute to various 

environmental pressures and the depletion of resources (European Commission. Joint Research Centre. 

Institute for Environment and Sustainability, 2010). 

With a life cycle approach, it is possible to identify both opportunities and risks of a product or technology, 

all the way from raw materials to disposal. To do this there is a continuum of life cycle approaches from 

qualitative (life cycle thinking) to comprehensive quantitative approaches (life cycle assessment studies). 

Life cycle approaches and tools have been developed, refined, are now more commonplace in the private 

and public sector, and are already stimulating and supporting the transition to a green economy. There are 

many approaches, programmes and activities in the life cycle thinking basket that are essential in a green 

economy. These have been developed to assist in decision-making at all levels regarding product 

development, production, procurement, and final disposal. They can be used in all sectors, and offer the 

possibility to examine a range of key impact categories and indicators, assessing the environmental and 

social impacts (e.g. Environmental LCA and Social LCA, carbon footprint, water footprint, etc.), as well 

as the ultimate effects of these on all three key sustainability pillars (e.g. life cycle sustainability assessment) 

(UNEP, 2021). In particular, Life Cycle Assessment (LCA) – further developed in the chapter 3 – is a 

methodology used to quantify the environmental burdens along the life cycle of a product or process. 

Within the framework of this thesis, such analysis is made in the Italian scenario for 5 different crops 

(tomato, bean, pea, sweet corn and chickpea) and 40 related processed food products in order to highlight 

the environmental hot-spots along with their supply chain and evaluate potential optimisation and climate 

adaptation solutions towards future scenarios. 

 

http://www.unep.org/greeneconomy/aboutgei/whatisgei/tabid/29784/default.aspx
http://www.unep.org/greeneconomy/aboutgei/whatisgei/tabid/29784/default.aspx
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/environmental-lca/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/social-lca/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/carbon-footprint/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/water-footprint/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/life-cycle-sustainability-assessment/
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Figure 1-1 Graphical representation of the framework followed for the development of the study. 

1.1. CLIMATE CHANGE 

According to the Sixth Assessment Report (AR6) provided by the Intergovernmental Panel on Climate 

Change (IPCC) in 2021, the global mean surface temperature (GMST) has already increased 1.09 °C (0.95–

1.20 °C) until present (2011–2020) with respect to the baseline of 1850–1900 (Intergovernmental Panel on 

Climate Change, 2021). In order to assess the expected temperature trends up to 2100, AR6 presents a set 

of Shared Socioeconomic Pathways (SSPs), i.e. scenarios of projected socioeconomic global changes. The 

SSPs provide narratives describing alternative socio-economic developments and they are used to derive 

greenhouse gas emissions scenarios with different climate policies. In terms of quantitative elements, they 

provide data accompanying the scenarios on national population, urbanisation, and GDP (per capita). 

According to different SSPs and compared to 1850-1900, GMST averaged over 2081–2100 is very likely 

to be higher by 1.0°C to 1.8°C under the very low GHG emissions scenario considered (SSP1-1.9), by 

2.1°C to 3.5°C in the intermediate scenario (SSP2-4.5) and by 3.3°C to 5.7°C under the very high GHG 

emissions scenario (SSP5-8.5). 
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Even small changes in the average temperature of the planet can lead to dangerous climate change 

(Research Institute (IFPRI), 2009). Each of the last three decades has been successively warmer at the Earth 

surface than any preceding decade since 1850. The period from 1983 to 2012 was likely the warmest 30-

year period of the last 1400 years in the Northern Hemisphere, where such assessment is possible 

(Intergovernmental Panel on Climate Change, 2014b). Moreover, the warmest seven years have all been 

since 2015, with the top three being 2016, 2019 and 2020 (United Nations, 2022). 

The major impacts and threats of global warming are widespread. Increasing ocean temperatures cause 

thermal expansion of the oceans and in combination with meltwater from land-based ice this is causing sea 

level rise (UNFCCC, 2007). Over the period 1901 to 2018, global mean sea level rose by 0.20 (0.15 to 

0.25) m. The rate of sea level rise since the mid-19th century has been larger than the mean rate during the 

previous two millennia (Intergovernmental Panel on Climate Change, 2014b). Relative to 1995-2014, the 

likely global mean sea level rise by 2100 is 0.28-0.55 m under the very low GHG emissions scenario (SSP1-

1.9), 0.32-0.62 m under the low GHG emissions scenario (SSP1-2.6), 0.44-0.76 m under the intermediate 

GHG emissions scenario (SSP2-4.5), and 0.63-1.01 m under the very high GHG emissions scenario (SSP5-

8.5). There are uncertainties in this estimate mostly due to uncertainty about how much water will be lost 

from ice sheets, for example Greenland is showing rising loss of mass in recent years. Increased melting of 

sea ice and freshwater influx from melting glaciers and ice sheets also has the potential to influence global 

patterns of ocean circulation (UNFCCC, 2007). 

Mean temperatures are expected to rise at a faster rate in the upper latitudes, with slower rates in equatorial 

regions. Mean temperature rise at altitude is expected to be higher than at sea level, resulting in 

intensification of convective precipitation and acceleration of snowmelt and glacier retreat (FAO, 2021). 

Climate change is occurring faster in high-latitude regions due to the phenomenon of Polar amplification, 

the positive feedback effects that spur further warming of the climate. For example: 

• Sea ice reflects the sun’s rays back into space, reflecting more heat than it absorbs, which helps 

keep the planet cool. As sea ice decreases, there is more open ocean that absorbs more heat from 

the sun, and as the ocean absorbs more heat, more ice melts. 

• Permafrost, soil that remains frozen year-round, is thawing as the earth warms. Permafrost stores a 

lot of carbon; as it thaws, it releases greenhouse gases (carbon dioxide and methane, principally) 

into the atmosphere, which then contributes to more warming. 

Similarly for high-altitude regions, snow reflects a lot of solar radiation so, as snow melts, radiation gets 

absorbed by the ground which heats the ground and warms the air. 

In response to global warming, the hydrological cycle is expected to accelerate as rising temperatures 

increase the rate of evaporation from land and sea. Thus, rain fall is predicted to rise in the tropics and in 

higher latitudes but decrease in the already dry semi-arid to arid mid-latitudes and in the interior of large 
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continents. Water-scarce areas of the world will generally become drier and hotter. Both rainfall and 

temperatures are predicted to become more variable, with a consequent higher incidence of droughts and 

floods, sometimes in the same place (FAO, 2021). 

There is broad consensus in the scientific community that this warming has been largely driven by increases 

in atmospheric greenhouse gases (GHGs), particularly carbon dioxide (CO2), methane (CH4), and nitrous 

oxide (N2O). GHG emissions have been growing since the Industrial Revolution and were 50% higher in 

2018 than they were in 1990. Since 1880, atmospheric CO2 eq concentrations have risen from around 290 

ppm to 410 ppm in 2019. About 40% of these emissions have remained in the atmosphere (880 ± 35 Gt 

CO2); the rest was removed from the atmosphere and stored on land (in plants and soils) and in the ocean. 

The ocean has absorbed about 30% of the emitted anthropogenic CO2, causing ocean acidification. About 

half of the anthropogenic CO2 emissions between 1750 and 2011 have occurred in the last 40 years. 

Total anthropogenic GHG emissions have continued to increase over 1970 to 2010 with larger absolute 

increases between 2000 and 2010 (Figure1-2), despite a growing number of climate change mitigation 

policies. Anthropogenic GHG emissions in 2018 have reached 49 Gt CO2 eq/year.  

 

 

Figure 1-2 Total annual anthropogenic greenhouse gas (GHG) emissions (Gigatonne of CO2-equivalent per year, Gt 

CO2-eq/yr) for the period 1990 to 2018: CO2 from fossil fuel combustion and industrial processes; CO2 from 

forestry and other land use (FOLU); Methane (CH4); Nitrous Oxide (N2O); fluorinated gases covered under the 

Kyoto Protocol (f-gases) (CAIT, 2022). 

 

Rising GHG concentrations and consequently climate change will have wide-ranging effects on the 

environment, and on socio-economic and related sectors, including water resources, agriculture and food 

security, human health, political and security risks, terrestrial ecosystems, biodiversity and costal zones 

(Henderson et al., 2018; UNFCCC, 2007).  
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Changes in rainfall pattern are likely to lead to severe water shortages and/or flooding. Melting of glaciers 

can cause flooding and soil erosion. Rising temperatures will cause shifts in crop growing seasons which 

affects food security and changes in the distribution of disease vectors putting more people at risk from 

diseases such as malaria and dengue fever. Temperature increases will potentially severely increase rates 

of extinction for many habitats and species (up to 30 per cent with a 2° C rise in temperature). Particularly 

affected will be coral reefs, bore forests, Mediterranean and mountain habitats. Increasing sea levels mean 

greater risk of storm surge, inundation, and wave damage to coastlines, particularly in small island States 

and countries with low lying deltas. A rise in extreme events will have effects on health and lives as well 

as associated environmental and economic impacts (UNFCCC, 2007). 

1.1.1. Relation between climate change and agriculture 

Climate change and agriculture are interrelated processes, both of which take place on a global scale and 

their relationship is of particular importance as the imbalance between world population and world food 

production increases (Yohannes, 2015). Climate change will significantly impact agriculture by increasing 

water demand, limiting crop productivity, and reducing water availability in areas where irrigation is most 

needed (FAO, 2021). Climate is an essential input in agricultural production. Shifts in the average levels of 

temperature and precipitation inevitably have an impact on agricultural productivity, farm incomes and 

prices. On the other hand, various studies indicate that current agricultural activities are a significant source 

of GHGs that aggravate climate disruption. Agriculture contributes to climate change directly by emitting 

methane, nitrous oxide and carbon dioxide, and indirectly by affecting net carbon emissions through its 

impact on soil, forests and other land uses (FAO, 2018a). Agriculture is an economic activity that is highly 

dependent upon weather and climate in order to produce the food and fibre necessary to sustain human life. 

Not surprisingly, agriculture is deemed to be an economic activity that is expected to be vulnerable to 

climate change. It involves natural processes that frequently require fixed proportions of nutrients, 

temperatures, precipitation, and other conditions. Climate change affects agriculture in a number of ways, 

such as changes in average temperatures, and rainfall and climate extremes with an important impact on 

soil erosion (i.e. floods, drought, etc). Moreover, changes in pests and diseases, in atmospheric carbon 

dioxide concentration, in the nutritional quality of some foods, in growing season, and in sea level related 

to climate change also affect the agricultural sector (Yohannes, 2015).  

Increases in frequency of climate change extremes may lower agricultural productivity beyond the impacts 

of mean climate change. More frequent extreme events such as floods and droughts may lower long-term 

yields by directly damaging crops at specific developmental stages. Heavy rainfall could precipitate soil 

erosion resulting in substantial agricultural loss. Several studies in Africa have established a positive 

relationship between drought and animal death. The impacts of a warming planet are already becoming 

detectable in many parts of the world and are expected to accelerate in the coming decades. In particular, 
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increased atmospheric temperature will extend the length of the growing season in the northern temperate 

zones, but will reduce it almost everywhere else (FAO, 2018a). In parts of the Mediterranean area, due to 

extreme heat and water stress in summer months, some summer crops might be cultivated in winter instead. 

Other areas, such as western France and south-eastern Europe, are expected to face yield reductions due to 

hot and dry summers without the possibility of shifting crop production into winter.  

In some cases, increased CO2 or warmer weather may accelerate crop growth or increase yields, however, 

yields decline above an optimal temperature that varies by crop, and crops grown under high levels of CO2 

yield less of nutrients such as zinc, iron, and protein (EEA, 2015). As temperatures rise, the efficiency of 

photosynthesis increases to a maximum and then falls, while the rate of respiration continues to increase 

more or less up to the point that a plant dies. In general, plants are more sensitive to heat stress at specific 

earlier growth stages (sometimes over relatively short periods), than to seasonal average temperatures 

(FAO, 2021).  

Crop productivity is projected to increase slightly – depending on the crop – at mid to high latitudes for 

local mean temperature increases of up to 1-3°C. At lower latitudes, especially seasonally dry and tropical 

regions, crop productivity is projected to decrease even with small local temperature increases (1-2°C), 

leading to an increased risk of hunger. Changes in temperature, rainfall and severe weather events are 

expected to reduce crop yield in many regions of the developing world, particularly sub-Saharan Africa and 

parts of Asia. The impact and consequences of climate change for agriculture tend to be more severe for 

countries with higher initial temperatures, areas with marginal or already degraded lands and lower levels 

of development with little adaptation capacity (Figure 1-3). Simulations for sub-Saharan Africa estimate 

that countries such as Sudan, Nigeria, Somalia, Ethiopia, Zimbabwe, Chad, could lose cereal-production 

potential by 2080 across all emission scenarios (Fischer et al., 2005). 
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Figure 1-3 Projected impact of climate change on agricultural yield in different latitude (Yohannes, 2015). 

 

Furthermore, warmer temperatures allows pests, weeds, and parasites to thrive; extreme weather can be 

destructive to farmland, crops, and livestock; and rising sea levels can erode and salinize croplands (EEA, 

2015). Recent warming trends in Canada and the US have led to earlier spring activity of insects and the 

proliferation of some species, such as the mountain pine beetle. In Africa, rift valley fever epidemics, which 

always accompany El Nino events, could increase with a higher frequency of El Nino events. This has a 

strong negative impact on human and livestock health in the continent (Fischer et al., 2005). As for the 

increase in sea level, it is likely that agriculture would experience increased costs from saltwater intrusion 

into surface water and groundwater in coastal regions. Deeper tidal penetration would increase the risk of 

flooding and rates of abstraction of groundwater might need to be reduced to prevent recharge of aquifers 

with sea water (Jiang et al., 2020; Parry, 1990; Rojas et al., 2018). 

As previously expressed, agriculture is one of the economic sectors that most affects climate change. 

Agriculture creates both direct and indirect emissions. Direct emissions come from fertilized agricultural 

soils and livestock manure. While indirect emissions come from runoff and leaching of fertilizers, emission 

from land-use changes, use of fossil fuels for mechanization, transport and agrochemical and fertilizer 

production (FAO, 2021). The production of agricultural commodities frequently involves the combined use 

of land, water, pesticides, fertilisers, livestock and energy, among other factors. 

The total area of cultivated land worldwide has increased by 466% compared to the period from the 1700s 

to 1980s, and today almost 40% of the land is used by agriculture (Matson et al., 1997; Parajuli et al., 2019). 

This remarkable scientific and technological result is largely based on the intensification of land 
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management in agriculture, achieved through the use of varieties of high-yield crops, chemical fertilizers 

and pesticides, irrigation, mechanization and also through the products of the genetic engineering (Matson 

et al., 1997). 

By occupying the nearly 40% of the terrestrial area of the planet and using 70% of globally consumed 

freshwater, agriculture has affected soil resources, forested lands, biodiversity and contributed to the 

depletion of water resources. The use of pesticides, fertilisers and energy in agriculture can lead to 

environmental impacts such as water contamination from pesticides. In particular, the doubling of 

agricultural food production over the past 35 years has been associated with a 6.87-fold increase in nitrogen 

fertilization, a 3.44-fold increase in phosphorus-based fertilization, a 1.68-fold increase of the amount of 

irrigated farmland and a 1.1-fold increase in land under cultivation (Tilman, 1999). In developing countries, 

this intensification of conventional agriculture, or "industrial agriculture", which began in the 1960s, has 

been called the "Green Revolution", and has allowed food production to increase sharply worldwide 

(Lichtfouse et al., 2009; Matson et al., 1997). These means of agricultural production, which aim to 

maximize yields by decreasing the direct costs of production, have meant that in a very short time 

agriculture became one of the branches of the economy with a very significant environmental impact 

(Srednicka-Tober et al., 2016). Agriculture contributes 30-40% of all anthropogenic GHG emissions and 

the drastic degradation of marine ecosystems and fresh water observed today worldwide, is strongly linked 

to an enormous consumption of nitrogen and phosphate fertilizers which cause eutrophication of fresh water 

and the development of areas of hypoxia in coastal marine waters (Lichtfouse et al., 2009; Parajuli et al., 

2019). Industrial agriculture and other industrial activities have effectively led to the presence of pesticides 

and persistent organic pollutants in soils, water, air and food (Lichtfouse et al., 2009). 

According to GHG inventories of the EU-27 Member States, GHG emission in the source category 

agriculture accounted for a total 390 million tons of CO2 equivalents in 2018. This represented 11.7% of 

total EU-27 GHG emissions in 2018 (Figure 1-4). Depending on the relative size and importance of the 

agricultural sector, the share of agriculture emissions in total national GHG emissions varies considerably 

within the Member States. 
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Figure 1-4 Contribution of different sectors to GHG emission (CAIT, 2022). 

 

In Italy, agriculture covered 8.3% of the overall national GHG emissions in 2018. The share was the highest 

in Ireland (40.7%), Latvia (30.6%) and Lithuania (27.0%) and the lowest in Malta (4.4%), Cyprus (5.0%) 

and Czech Republic (5.7%) (CAIT, 2022). Agriculture also produces large amounts of N2O and CH4. These 

GHGs have powerful greenhouse effects and have greater longevity than CO2. Methane derives mainly 

from livestock during digestion, due to enteric fermentation, from rice-growing and from the management 

of organic fertilizers. Nitrous oxide emissions are an indirect product of the use of organic and mineral 

nitrogen-based fertilizers and the use of energy. As for future scenarios, the IPCC predicts that by 2030, in 

the absence of corrective measures, there will be an increase of 35-60% of nitrogen oxide and 60% of 

methane produced by agriculture. 

However, as carbon dioxide still represented 75% of the overall GHG emissions in 2018 (Figure 1-2), CO2 

emission reduction is increasingly on the centre of the global policy agenda. 

1.2. WATER-ENERGY-FOOD NEXUS 

The idea of the water–energy–food nexus was launched in earnest since at least the Bonn 2011 Nexus 

Conference, when the German Federal Government organized the international conference “The Water 

Energy and Food Security Nexus—Solutions for the Green Economy” to contribute to the United Nations 

Conference on Sustainable Development (Stockholm Environment Institute, 2011). This concept emerged 

in the international community in response to climate change and social changes including population 

growth, globalization, economic growth, and urbanization. These issues are causing increased pressure on 

water, energy and food resources, presenting communities with an increasing number of trade-off and 

potential conflicts among these resources which have complex interactions (Endo et al., 2015, 2017).  

In 2050, with a forecast 9.2 billion people sharing the planet, it is expected there will be a 70% increase in 

demand for food and a 40% rise in demand for energy. Yet by 2030, the world has to confront a water 

supply shortage of about 40%. Therefore, our economy cannot run on the same finite energy, water and 

food resources far into the future. Water for energy currently amounts to about 8% of global water 
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withdrawals. Food production and supply chain is responsible for around 30% of total global energy 

demand. Food production is the largest user of water at the global level, responsible for 80–90% of 

consumptive blue water use (Pastor et al., 2019). 

Energy and water supply and demand have an impact on food security elements: the physical availability 

of food, access (including affordability), utilisation (nutrient content and food safety) and the stability of 

these elements over time. The physical availability of food can be threatened when water is allocated for 

other competing needs, when irrigation infrastructure is inefficient, or when the energy supply is unreliable 

and unavailable to power mechanised farming and food processing practices (WBCSD, 2014).  

The term “virtual water” deals with water used in food production, while “water footprint” deals with 

consumption. Food production accounts for 80-90% of consumptive water use from surface and 

groundwater. Rainfed agriculture is the predominant agricultural system worldwide, at 85% of total 

cultivated area, and is responsible for 58% of total crop production (Ismail & Refaat, 2017). Due to 

population growth, inefficient irrigation practices and the growing competition for the use of water 

resources, it is estimated that a share of between 15% and 35% of water withdrawals for irrigation will not 

be sustainable in the future. 

Increasing food production is impossible without extra energy inputs. Energy is consumed in agricultural 

production for land preparation, the use of fertilizer and other agri-inputs and for transport. Energy 

consumption varies by crop, agro-climatic zone and production system. The International Fertilizer 

Association estimates that globally 1.2% of all energy is used for the production of fertilizer only. This is 

in line with the analysis for all energy inputs in agricultural production: in OECD (Organisation for 

Economic Cooperation and Development) countries these make up 3-5% of the total energy inputs. In 

developing countries, the rate is between 4-8%. Moreover, the additional use of energy in food processing 

doubles this figure – bringing it to 8-12%. Though not the largest user, agriculture is a substantial energy 

consumer globally. Including, however, the whole food chain, the food sector accounts for around 30% of 

the world’s total energy consumption (WBCSD, 2014). 

Climate change, water, energy, food, and related ecosystem processes – such as the carbon and nitrogen 

cycles, or the energy flow – are inextricably connected; actions in one area have impacts on the others. 

Figure 1-4 depicts the complex and interlinked structural framework of the major climate change drivers 

of temperature, snowpack, and precipitation that are interconnected with life cycles in water, energy, food, 

and related ecosystem processes. 
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Figure 1-5 Conceptual framework of the relationship of climate change with water, energy and food. Note: energy 

includes both renewable and fossil energy from the current practical perspectives in Water-Energy-Food nexus 

(Liu, 2016). 

Climate change drivers of temperature, snowpack, and precipitation affect the quantity, quality, and timing 

of water supply and its related uses in life cycles for energy and food production, as well as urban, 

agricultural, and environmental water benefits. Particularly, these inextricable connections and complex 

relationships include the following (Liu, 2016):  

1. Climate change acts as a major driver of increasing temperature, loss of snowpack, and changing 

precipitation. Related frequent drought and flooding could significantly reduce water supply and 

increase water stress, having long-term impacts on the life cycles of water, energy, food, and the 

beneficial use of water for fish and wildlife; 

2. Water is used in the energy life cycle for the generation of hydropower, solar, biofuels, and other 

energy; energy is used in the water life cycle to extract, convey, treat, distribute, and heat water for 

urban and agriculture uses;  

3. Water is used in the food life cycle for irrigation, harvesting and processing, and fish and livestock 

production; food production affects water and watershed ecosystems through agricultural runoff 

containing fertilizers, herbicides, and pesticides, as well as food waste in watersheds;  

4. Energy is required to produce, transport, and distribute food; also, crops and biomass are used to 

produce biofuels;  
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5. Water, energy, and food production have significant impacts with land and water use and conflicts 

with ecosystem processes for species and habitats, including forest, wetlands, watershed and stream 

flow, and water quality for fish and wildlife species. 

Integrated resource management can be used as a strategy to enhance water, energy, food, and environment 

security by increasing efficiency and improving coordination across sectors (Liu, 2016). 

1.3. THE IMPORTANCE OF OPTIMISATION IN THE AGRI-FOOD SECTOR 

As expressed in previous paragraphs, the increase in temperatures at the end of the twenty-first century and 

the increase in world population (9 billion by 2050), will affect food production in the coming years (United 

Nations, 2013). With respect to 2016, the FAO (The Food and Agriculture Organization of United Nations) 

estimated that agricultural production will have to increase by 60% by 2050 (an increase of 77% in 

developing countries and 24% in developed countries). This estimate represents a threat, particularly for 

Europe, as it will be necessary to review all aspects of production sustainability, without underestimating 

the importance of maintaining a sufficient and dynamic production base in a context of rapid change 

(Pisante & Cillo, 2018). 

The urgent need for doubling farms over the next 25 years on less land with less water through 

intensification would inevitably involve substantial social, economic, and environmental costs. 

Identification of tools to minimize such costs through the enhanced environment is, therefore, crucial 

(Srinivasan, 2006). Despite the apparently antagonistic pressures to conserve our environment and be 

careful with our resources, the agriculture sector has to face this main challenge and produce more food 

(European Commission, 2014). Agricultural products produced through modern intensive agriculture bring 

about many problems for human health and destroy natural resources due to applying improper production 

patterns, excessive water consumption, loss of basic resources, and consequently threaten production 

facilities. Therefore, agricultural methods developments that are productively, economically, and socially 

sustainable are required immediately (Far & Rezaei-Moghaddam, 2018). 

The meaning of ‘‘sustainability’’ has been long debated. The term was originally used to refer to 

agricultural and industrial technologies that reduced or prevented the environmental degradation often 

associated with economic activity (Bongiovanni & Lowenberg-Deboer, 2004). In 1972, the United Nations 

defined sustainability in a more general sense as “...aimed to meet the needs of the present without 

compromising the ability of future generations to meet their own needs” (WCDE, 1987). Applying the 

concept to agriculture, the American Society of Agronomy (1989) defines ‘‘Sustainable Agriculture as the 

one that, over the long term, enhances environmental quality and the resource base in which agriculture 

depends; provides for basic human food and fibre needs; is economically viable; and enhances the quality 

of life for farmers and the society as a whole.’’ 
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Over the last few decades, many new technologies have been developed for, or adopted to, agricultural use. 

Examples of these include: low-cost positioning systems, such as the Global Navigation Satellite System 

(GNSS), proximal biomass and leaf area index determination from sensors mounted on-board agricultural 

machinery, geophysical sensors to measure soil properties, low-cost remote sensing techniques and reliable 

devices to store, process and exchange/share the information (European Commission, 2014). The time has 

now arrived to exploit all the modern tools available by bringing information technology and agricultural 

science together for improved economic and environmentally sustainable crop production (Singh, 2004).  

Precision agriculture (PA) is one of these tools catching worldwide attention since the early 1990s and 

research interest in PA grew so rapidly by July 2005 as one of the seven international conferences in the 

United States, and one Asian conference in Malaysia were held (Srinivasan, 2006). Across the globe, 

Precision Agriculture is changing the way people farm as it offers a myriad of potential benefits in 

profitability, productivity, sustainability, crop quality, environmental protection, on-farm quality of life, 

food safety and rural economic development. PA has been hailed as one of the most scientific and modern 

approaches to production agriculture in the 21st century, as it epitomizes a better balance between reliance 

on traditional knowledge and information and management-intensive technologies (MAIA, 2021).  

Not only the cultivation phase, but also the phase related to food processing, transport, packaging 

production and other substances have a high environmental impact. Thus, in the last few years, an 

optimization through Life Cycle Approach is developing more and more, so as to reduce these impacts to 

all stages of food production. 

Precision agriculture and the Life Cycle Assessment – discussed in more detail in the following chapters – 

may then represent two possible synergic approaches and methodologies of optimizing the agri-food sector. 

1.3.1. Precision agriculture (PA) 

Precision agriculture - also known as precision farming (PF) or site-specific crop management - is an 

innovative and integrated farming management concept that provides a holistic system approach to 

managing the spatial and temporal crop and soil variability within a field in order to increase profitability, 

optimize yield and quality, reduce costs and environmental impact, prevent soil degradation in cultivable 

land, reduce of chemical use in crop production and promote an efficient use of water resources (Mandal, 

2013; Paustian & Theuvsen, 2017). There are several definitions of precision agriculture, but it might be 

useful to narrow it down to precision agronomy, which could be described as ‘the matching of agronomic 

inputs and practices to localised conditions within a field and the improvement of the accuracy of their 

application” (Finch et al., 2014). The National Research Council of the USA gave a clear definition of 

modern PA as follows: “Precision agriculture is a management strategy that uses information technologies 

to bring data from multiple sources to bear on decisions associated with crop production” (Oliver, 2010).  
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The agricultural activity can be assimilated to a dynamic system from which, on the basis of the space-time 

management of some inputs (e.g. irrigation, fertilizers, pesticides, light intensity), production depends in 

quantitative and qualitative terms. However, the outputs of this system are influenced by external variables 

(including, climate and soil quality) conditioning the system itself. In essence, the "farming system", in 

which technology is used, can evolve, starting from an initial situation, towards certain states that lead to 

satisfactory production, or stable, or rather poorly capable of a real economic and environmental benefit 

(Blasi & Pisante, 2017). 

 

Basics of precision agriculture 

Field adoption of PA may be represented as a five-step cyclical process (Figure 1-5) including data 

collection, diagnostics, data analysis, precision field operations, and evaluation (Srinivasan, 2006). In 

addition, at least three criteria are required for the implementation of PA: (1) Clear evidence of significant 

spatial and temporal variability in soil and crop conditions within a field and in fields within a region; (2) 

Ability to identify and quantify such variability; (3) Ability to reallocate inputs and adjust management 

practices in order to improve productivity and profitability while minimizing environmental degradation. 

 

 

Figure 1-6 Precision Farming Cycle and its components. 

The satisfaction of the second criterion is crucial for ensuring the success of the adoption of PA practices. 

Indeed, field data gathering is an essential stage in order to establish the state and the conditions of a crop 

(Valente et al., 2011). The data used in PA are often at a fine spatial resolution, for example data from yield 

monitors, proximal sensor data, remotely sensed data, digital elevation models and so on (Oliver, 2010).  

PA provides a means to automate Site-Specific Management (SSM) using information technology, thereby 

making SSM practical in commercial agriculture. The PA database generally includes (MAIA, 2021):  

• Crop information such as growth stage, health, nutrient requirement; 



INTRODUCTION 15 

• Soil physical and chemical properties, depth, texture, nutrient status, salinity and toxicity, soil 

temperature, productivity potential; 

• Microclimatic data (seasonal and daily) such as canopy temperature, wind direction and speed, 

humidity; 

• Surface and sub surface drainage conditions; 

• Irrigation facilities, water availability and planning of other inputs. 

Precision agriculture involves looking at the increased efficiencies that can be realized by understanding 

and dealing with the natural variability found within a field. The goal is not to obtain the same yield 

everywhere, but rather to manage and distribute inputs on a site-specific basis to maximize long term 

cost/benefit. Precision farming is helping many farmers worldwide to maximize the effectiveness of crop 

inputs (Banu, 2015).   

The basic principles underlying precision agriculture can be seen as a summary of good agricultural 

practices and they require the correctness of (De Baerdemaeker, 2013):  

• information (soil, previous crops and treatment…); 

• observation; 

• analysis; 

• genotype;  

• dose; 

• chemical/biological compound; 

• place;  

• time;  

• (climatic) conditions; 

• equipment. 

A PA system that harnesses recent advances in sensor technology can play a crucial role toward an 

intelligent crop production system. Specifically, remote sensing technology that allows non-destructive 

acquisition of information about the Earth’s surface can facilitate the implementation of PA. For example, 

current crop status (including maturity period) and crop stresses such as nutrient and water stress, disease, 

pest and weed infestations can be discerned by means of remote sensing instruments such as cameras, laser 

scanners, linear arrays and area arrays, without actually being in contact with them. Information gathered 

via different sensors and referenced using a GPS can be integrated to create field management strategies 

for chemical application, cultivation and harvest (MAIA, 2021).  

In order to evaluate precision agriculture, both economic and environmental benefits must be considered, 

as well as the practical questions of field-level management and technologies needed (Figure 1-6) (Banu, 

2015).  
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Figure 1-7 Issues affecting adoption of precision agriculture management (Banu, 2015). 

Technologies for precision agriculture 

The key innovation compared with conventional management is the application of modem information 

technologies. PA technologies are most often directed at spatial variability within fields, although some 

focus on temporal variation as well. Precision agriculture is based on addressing the variability of soils, 

pests, moisture, micro-climates, and other factors that are present in agricultural settings, notably cropped 

fields. Generally, two categories of technologies are distinguished: the site-specific (SS) and the 

development-specific (DS). SS technologies focus on spatial management, usually for crops. DS 

technologies deal with temporal management and include applications to crops, livestock and pests (Norton 

& Swinton, 2000). The implementation of PA has become possible thanks to the development of sensor 

technologies combined with procedures to link mapped variables to appropriate farming management 

actions such as cultivation, seeding, fertilization, herbicide application, and harvesting (European 

Commission, 2014). Precision agriculture is often named after the applied technologies, such as GPS 

(Global Positioning System), GIS (Geographic Information Systems), autosteer, yield monitors, and 

variable-rate fertilizer. These technologies are described in the following paragraphs. Precision farming 

distinguishes itself from traditional agriculture by managing portions of a field as opposed to the whole 

field, and ultimately the use of a systems-based approach that should optimize economic and environmental 

benefits (Kent Shannon et al., 2018). 
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Global Positioning System (GPS) receivers 

Global Positioning Systems satellites broadcast signals that allow GPS receivers to calculate their position. 

GPS provides continuous position information in real time, while in motion. Having precise location 

information at any time allows soil and crop measurements to be mapped. GPS receivers, either carried to 

the field or mounted on implements allow users to return to specific locations to sample or treat those areas. 

GPS receiver with electronic yield monitors generally used to collect yield data across the land in precise 

way (Davis et al., 1998; Singh, 2004). Uncorrected GPS signals have an accuracy of about 300 feet. To be 

useful in agriculture, the uncorrected GPS signals must be compared to a land based or satellite-based signal 

that provides a position correction called a differential correction. After testing the soil samples, information 

such as nitrogen and organic material content can be obtained. This type of information is mapped and used 

as a reference to guide farmers to treat soil problems efficiently and economically. When GPS is integrated 

with an aerial guidance system, the field sprayer can be guided through a moving map display. Based on 

the sprayer's location, the system will apply the chemicals at the right spots, with minimal overlap, and 

automatically adjust their rate. This, in addition to increasing productivity, ensures that chemicals and fuel 

are used efficiently. GPS applications in precision farming include soil sample collection, chemical 

applications control, and harvest yield monitors (Banu, 2015). 

 

Geographic Information System (GIS) 

Geographic Information System is a software application for computerized data storage, retrieval, and 

transformation and is used to manage and analyse spatial data relating crop productivity and agronomic 

factors. Data may be derived for different fields from various sources including existing digital maps, data 

digitized from maps and photographs, topographic surveys, soil or crop sampling, and sensor data with 

location information derived by using GPS. GIS can display analysed data in maps that allow better 

understanding of interactions among yield, fertility, pests, weeds, and other factors, and decision making 

based on such spatial relationships. A GIS for PA contains base maps such as land ownership, crop cover, 

soil type, topography, N, P, K, and other nutrient levels, soil moisture, pH, etc. Data on rotations, tillage, 

nutrient, and pesticide applications, yields, etc., is also stored. GIS is used to create fertility, weed and pest 

intensity maps, and for making prescription maps that show recommended application rates of farm 

chemicals at various field locations (Srinivasan, 2006). 

 

Yield monitoring and mapping 

Yield monitors are the most common SS sensing technology, with data typically being stored in a GIS and 

statistically smoothed for printing as a yield map. Farmers may use yield maps to identify problem areas in 

the field, often combining the information with soil sampling on a grid basis in the field [44]. When linked 



18 CHAPTER 1 

 

with a GP receiver, yield monitors can provide data necessary for yield maps. Yield measurements are 

essential for making sound management decisions. However, soil, landscape and other environmental 

factors should also be weighed when interpreting a yield map. Used properly, yield information provides 

important feedback in determining the effects of managed inputs such as fertilizer amendments, seed, 

pesticides and cultural practices including tillage and irrigation. Since yield measurements from a single 

year may be heavily influenced by weather, it is always advisable to examine yield data of several years 

including data from extreme weather years that helps in pinpointing whether the observed yield are due to 

management or climate-induced (Singh, 2004). 

 

Variable Rate Technologies (VRT) 

Variable-rate technology (VRT) is the range of equipment that allows fertiliser, chemicals, lime, gypsum, 

irrigation water and other farm inputs to be applied at different rates across a field, and not just between 

fields, without manually changing rate settings on equipment or having to make multiple passes over an 

area. Variable-rate application (VRA) can range from the simple control of flow rate to a more complex 

management of rate, chemical mix and application pattern. VRA can match changes in crop-yield potential 

with specific input rates, resulting in a more efficient system and minimising potential environmental 

impacts. The economic benefits of VRA can include cheaper inputs and better crop yield. Use of VRA can 

also have positive environmental implications by more closely matching inputs to crop needs, thus reducing 

environmental run-off (Sugar Research Australia, 2015). 

 

Benefits of precision agriculture 

It is widely accepted that better decision making in agriculture should provide a wide range of benefits. 

From the economic point of view, a review of 234 studies published from 1988 to 2005 showed that 

precision agriculture was found to be profitable in an average of 68% of the cases (Griffin & Lowenberg-

DeBoer, 2005). 

PA enables agricultural management decisions to be tailored spatially and temporally. As recently analysed 

by Finger et al. (Finger et al., 2019), site-specific sensing, sampling, and managing allow farmers to treat a 

field as a heterogeneous entity. Through targeted use of inputs, precision farming reduces waste, thereby 

cutting both private variable costs and the environmental costs such as those of agrichemical residuals. At 

present, large farms in developed countries are the main adopters of precision farming. But its potential 

environmental benefits can justify greater public and private sector incentives to encourage adoption, 

including in small-scale farming systems in developing countries. Technological developments and big data 

advances continue to make PA tools more connected, accurate, efficient, and widely applicable. 
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Improvements in the technical infrastructure and the legal framework can expand access to precision 

farming and thereby its overall societal benefits. 

However, the perception of complexity involved in the adoption process of PA still result a limiting factor 

(Vecchio et al., 2020). Agricultural policies will be decisive in promoting new measures that support 

information systems and networks or projects involving both small and large farms. Moreover, improving 

this level of information can help the farmer to understand the advantages and opportunities associated with 

precision agricultural instruments. 

There is some evidence from research which shows that environmental degradation is reduced when PA 

methods are applied, including increased fuel use efficiency resulting in lowering carbon footprints. Some 

other examples include nitrate leaching in cropping systems, demonstrating that variable rate application 

methods were successful in reducing groundwater contamination and that PA methods may reduce erosion 

when precise tillage is conducted (European Commission, 2014). The potential of precision farming for 

economic and environmental benefits could be visualized through reduced use of water, fertilizers, 

herbicides and pesticides besides the farm equipment. Instead of managing an entire field based upon some 

hypothetical average condition, which may not exist anywhere in the field, a precision farming approach 

recognizes site-specific differences within fields and adjusts management actions accordingly (Banu, 

2015). The use of technologies, in whole or in part, contributes to obtaining a series of economic benefits 

resulting in the optimization of inputs, as well as in the reduction of the pressure exerted by agricultural 

systems on the environment. The precision introduced by the technologies, in fact allows both for open 

field productions and for protected crops, to carry out a targeted distribution of the main production factors 

(water, fertilizers, crop protection products) only where needed and in the quantity corresponding to the 

real needs of the cultivation in progress. Furthermore, the use of sensors also allows a real-time monitoring 

of the health status of crops, for example controlling the onset of plant pathogens or environmental 

conditions or reducing poorly calibrated agronomic practices that could induce pathogenesis in the plants 

themselves. This also involves the saving of synthetic chemical substances necessary for defence and 

control, with positive implications also with regard to the health of the environment. Under the 

environmental aspect, the reduction of chemical and organic fertilizers has effects on water quality and its 

consumption, on soil and air quality, on climate change mitigation and on energy aspects. Many studies 

have been carried out on nitrates and most of them have identified in the variable distribution a reduction 

of leached nitrogen up to 75% compared to uniform distribution (Blasi & Pisante, 2017). The introduction 

of innovative technologies in farms determines effects on working capital for the purchase of agricultural 

machines, automatic driving systems, production mapping, variable dosing systems and related software. 

Since precision technologies allow us to work more quickly and efficiently, avoiding overlaps with the use 

of variable dosage navigation and distribution systems, the items related to variable costs record a decrease 
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leading to savings due to less use of fuels, lubricants and above all inputs such as seeds, seedlings, 

fertilizers, plant protection and irrigation water (Pisante & Cillo, 2018). 

Increased efficiency through accurate machinery guidance systems alone can deliver quantifiable returns 

to farmers. Accurate auto-steer systems could save farmers 5–15% on input costs (fuel, pesticides and 

fertiliser) by reducing over- or under-lapping and by increasing the timeliness of operations, such as 

facilitating the spraying of pesticides at night. Boosting yield, improving economic production, and 

compensating costs are taken into account as the advantages of applying precision agriculture technologies 

(Far & Rezaei-Moghaddam, 2018). Furthermore, precision farming minimizes the risk, which includes 

undesirable variability caused by the human operator. Precision Agriculture presents also some benefits for 

social and working conditions. For instance, auto-steer systems are available for a variety of tractor models 

making the work less fatiguing (European Commission, 2014). 

In the end, it must be noted how PA put the basis for the new revolution in the agricultural field, the so-

called Agriculture 4.0 (Sponchioni et al., 2019). This is the last step of a revolutions’ set characterizing the 

primary sector during the years. PA started once military GPS-signals were made available for public use 

in the mid-1990s. Thus, PA entails solutions for automatic sensing, monitoring and control in order to 

improve the accuracy of the operations, managing in-field variations rather than treating fields as a whole. 

In the early 2010s instead, the introduction of digital technologies, such as cheap and improved sensors and 

actuators, low-cost micro-processors, high bandwidth cellular communication, Cloud based ICT systems 

and Big Data analytics allowed the start of a new approach. As a result, a new phase in the agricultural 

evolution started: the so-called Agriculture 4.0. According to Wolfert, et al. (Wolfert et al., 2017), 

Agriculture 4.0 has the potential to increase the global food production and therefore to feed the growing 

population. At the same time, the evolution towards the Agriculture 4.0 is good not only for farmers, but 

also for the sustainable development of the primary sector (Zambon et al., 2019). 

Concerning precision agriculture, Pallottino et al. (Pallottino et al., 2018) analysed contents and keywords 

of 17,756 PA researches published during the period 2000–2016 and provide some ‘term maps’ that could 

be interpreted giving useful information. Among the others, some observations highlight how the Policy 

framework appears to be in relation with closely surrounding terms such as “food security”, 

“sustainability”, “environmental impact”, “climate change” and “greenhouse gas”. This specialized group 

underlines hot terms which are recent and highly cited. Thus, it is noticeable a research trend towards 

sustainability and climate change. 
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2. LITERATURE REVIEW 

As presented above, the increase in world population and the resulting demand for food, water, and energy 

are exerting increasing pressure on soil, water resources, and ecosystems. Projections of future water, 

energy, and food demands do vary, but they all agree that the demand in the three sectors will significantly 

increase over the coming decades, while the natural resources base will simultaneously be weakened 

through environmental degradation and climate change (Allouche et al., 2014; Beddington, 2010; Cairns & 

Krzywoszynska, 2016). 

In particular, agriculture is the largest consumer of the world's freshwater resources, and more than one-

quarter of the energy used globally is expended on food production and supply. The urgent need for 

doubling farms over the next 25 years on less land with less water through intensification would inevitably 

involve substantial social, economic, and environmental costs. The increasing pressures on scarce natural 

resources stemming from an ever-increasing demand for socioeconomic development shall encourage the 

analysis of these interactions between the sectors in a more systematic way. An intervention in one of these 

three sectors may induce positive or negative consequences on one or both other sectors. Thus, 

identification of approaches to reduce the related cross-sectoral environmental impacts for the water–

energy–food (WEF) nexus is crucial. 

The Nexus concept was first defined by The World Economic Forum during its Annual Meeting in Davos-

Klosters in 2008, where business leaders set out a call to action on water, as a link between environmental 

concerns and economic growth (World Economic Forum Water Initiative, 2012). While the WEF, during 

the Bonn 2011 Nexus conference ‘The Water, Energy and Food Security Nexus – Solutions for the Green 

Economy’, presented the nexus framework from a securities perspective, other subsequent versions are 

focused on different core components: water resources (Hoff, 2011), land use (Howells et al., 2013), and 

food (Ringler et al., 2013). Subsequently the WEF nexus was addressed in European policy documents, 

such as the Blueprint to Safeguard Europe's Water Resources (EC, 2011b) and in the flagship project of the 

European Commission's Joint Research Centre, addressing the ‘water-energy-food-ecosystem nexus’ (JRC, 

2021). 

The Nexus approach is increasingly used at the project level and supported by some governments, civil 

society, international development partners, the private sector and researchers (FAO, 2018b). 

At a scientific level, literature on the WEF mainly focuses on quantifying nexus relations (Cabello et al., 

2019; Endo et al., 2017), and highlighting the institutional, political, and cultural dimensions of nexus 

policy making (Cairns & Krzywoszynska, 2016; Voelker et al., 2019; Wichelns, 2017; Wiegleb & Bruns, 

2018). 
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In particular Voelker et al (Voelker et al., 2019), pointing out that the WEF concept draws attention to the 

link between different environmental and societal domains potentially entailing significant shifts in 

governance processes, presents relationships between framings of the nexus, metrics and models of 

governance based on discussions with staff within the European Commission. It has to be noted that some 

literature, acknowledging that the environment and ecosystem play a fundamental role in the nexus, 

includes the environment and/or ecosystems within the Nexus (labelled as the Water-energy-food-

ecosystems (WEFE) nexus) (Bidoglio et al., 2019; Vanham et al., 2019). 

Despite the large body of literature on the WEF nexus, there is an ongoing discussion on how to best transfer 

the concept from a theoretical framework into an integrated approach and policy. Shannak et al (Shannak 

et al., 2018), based on an analysis of the current state of WEF models and frameworks, highlighted a few 

key implications for policymakers to consider, including the need of a systematic, quantitative assessment 

of energy consumption in both water and food systems at a country level using more sophisticated 

modelling approaches to assess the nexus across sectors and actors. An example of integrated model 

analysis framework and tool providing a multiperiod socioeconomic model for predicting how to satisfy 

WEF demands based on model inputs representing productions costs, socioeconomic demands, and 

environmental controls is presented by Zhang (Zhang & Vesselinov, 2017). Furthermore, at local level, a 

practical application of WEF nexus through a systematic four-step approach is presented by Terrapon-Pfaff 

(Terrapon-Pfaff et al., 2018). Some other authors acknowledge that a nexus approach requires coordination 

and integration across levels of government (vertical) and across sectors (horizontal) and emphasizes the 

key role of institutional relationships and effective coordination mechanisms (Scott, 2017; Weitz et al., 

2017). In particular, based on case studies, Scott (Scott, 2017) identified a lack of coordination between 

different sectors as key barrier to WEF nexus implementation. 

Based on the outcomes of the WEF nexus literature overview, it is clear that there is a need of a systematic 

analysis of the interactions among the use of energy, food, and water. For example, in multiuse systems, 

waste and by-products and services can be turned into a resource for other products and services. Reducing 

waste, keeping products and material at the highest value at all times and extracting all possible by-products 

from resources can reduce energy consumption and carbon dioxide emissions, thus, minimizing the WEF 

nexus. Such an approach can be made operational by applying the principle of Circular Economy (CE). 

The CE model seeks to base economic development on environmental and resources protection. Hence, the 

CE and the nexus are closely linked (Reinhard, 2017). 

The topic of CE is high on the political agenda and in particular in Europe (EC, 2015): it is expected to 

promote economic growth by creating new businesses and job opportunities, saving material cost, 

dampening price volatility, and improving security of supply while at the same time reducing environmental 

pressures and impacts. Despite the wide literature on CE (Kalmykova et al., 2018), there is a lack of 

scientific articles explicitly promoting the use of CE principles and models to support WEF nexus reduction 
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strategies. The literature focusing on both WEF and CE is limited in number and uneven. In 2018, Brandoni 

et al (Brandoni & Bošnjaković, 2018) performed an overview of the current integration of WEF nexus in 

the European Union (EU), focusing on the energy axis and explored how innovative approaches such as a 

CE may address the future challenges. According to the authors, the use of a CE framework can accelerate 

the adoption of a nexus thinking, recommending a system integrated perspective through the analysis of 

the full lifetime of products. At urban level, there are a couple of articles of special interest (Lehmann, 

2018; Xue et al., 2018). 

In particular, Xue et al (Xue et al., 2018) proposes an open-access tool, an Urban Circular Economy 

Calculator, focusing on WEF nexus integrated system modelling framework. This tool is finalized to 

displaying the analysis of different urban CE scenarios, which can be given through inputs by urban 

managers and policymakers, with respect to the nexus. An innovative approach foreseeing the integration 

of CE and education model to address aspects of an energy–water–food nexus is described by Kılkıs et al 

(Kılkış & Kılkış, 2017) at a local level and by Gallo et al at building level (Gallo et al., 2017; Magrassi et 

al., 2016). 

Learned that CE and the WEF nexus are closely linked, identifying which CE strategy – incorporated in 

the development of products or services or in policy instruments – is the most beneficial for the environment 

is not straightforward. At this point, it is clear that closing loops by itself is not a guarantee for success. For 

example, using recycled materials could impact the lifetime of a product because of quality loss or add 

other impacts in energy use or water which cannot be foreseen without a robust and science-based tool to 

measure the environmental impacts of products, services, and business models along the life cycle. 

Furthermore, reuse of components may add to impacts through the additional transport required for 

collection, which have to be accounted. In this phase of uncertainty about how to choose the best strategy 

among recycling, reuse, and other end-of-life recovery options, life cycle assessment (LCA) is the key 

methodology to perform an environmental sustainability analysis of products and technologies (Guinée et 

al., 2011), providing a systematic path to measure the enhancements in resource productivity as means for 

promoting cleaner production (Strazza et al., 2011). At international level, it is well recognised that an 

integrated sustainability assessment must be based on a life cycle approach that allows to deeply analyse 

the whole system or supply chain, thus avoiding burden shifting (Algunaibet & Guillén-Gosálbez, 2019; 

Andersson, 2000; Hospido et al., 2006; Jackson & Brander, 2019; Parent & Lavallée, 2011). 

Hospido et al. (Hospido et al., 2006) analyse the application of LCA methodology for evaluating novel food 

products from an environmental standpoint, trying to draw some recommendations related to the best 

approach when dealing with them. They identify five elements as relevant for the specific application of 

LCA to novel products –– type of LCA, functional unit, system boundaries, data gathering, and scenarios 

development –– and they propose a recommended approach described through three case studies related to 

food products and processing. In the sector of energy systems, Algunaibet and Guillén-Gosálbez 
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(Algunaibet & Guillén-Gosálbez, 2019) show how policies focused solely on mitigating greenhouse gas 

emissions could potentially resolve one problem (i.e. climate change) by creating another, thereby leading 

to burden-shifting. Therefore, they investigate the occurrence and severity of burden-shifting through the 

application of a novel approach integrating multiobjective optimization, LCA, and multivariate regression 

based on elasticities. 

Furthermore, life cycle thinking has a strategic position in the policymaking process, and it has been 

embedded by the European Commission in the Integrated Product Policy (EC, 2003), in the European 

Sustainable and Consumption Production Action Plan (EC, 2008), and in several framework directives and 

thematic strategies, such as the Waste Framework Directive (EP, 2008), the Thematic Strategy on The 

Sustainable Use of Natural Resources (EC, 2005), and on the Prevention and Recycling of Waste (EC, 

2011a), the Communication about Building a single market for green products (EC, 2013). Moreover, the 

Environmental Assessment of Food and Drink (ENVIFOOD) protocol (Camillis et al., 2013), supported by 

the European Commission, shows that a robust life cycle-based method for the environmental assessment 

of food and drink products is able to help agri-food companies and consumers to quantify and understand 

the environmental impacts of food and drink products and support informed choices. 

Going back to the topic of using LCA to support CE approach to reduce WEF nexus, Mannan et al (Mannan 

et al., 2018) assesses that an integrated LCA and energy–water–food nexus methodology is necessary to 

determine environmental burdens for different scenarios presented within systems operating within a WEF 

nexus environment, essentially influencing resource sectors. From a perspective of decision-making tools, 

Borrion et al (Borrion et al., 2019) recently developed a LCA calculator aiming to enable quick estimation 

of the impacts of new systems and technology to deliver to support community infrastructure codesign 

visually conveying the interconnected nature of the WEF nexus systems. 

Nexus concept acknowledges planetary boundaries and calls for a more sustainable use of the Earth's 

resources. To that end, highlighting the water–energy–food nexus means directing attention to the 

interrelated pressures created in particular by agricultural production, water use, and energy production and 

consumption practices. At European level, the European Sustainable Production and Consumption policies' 

(EC, 2008) goal is the creation of more sustainable consumption and production patterns –– especially in 

the agri-food sector –– not only for supporting environmental protection but also for synergistically 

increasing market competitiveness, economic development, and social well-being. In addition, the 

European common agricultural policy (CAP) sets targets for agriculture in the next years according to three 

priority areas for intervention in the WEF context, that is, the preservation of biodiversity and the 

management of ‘natural’ farming and forestry systems, the management of water resources, and the facing 

of climate change. On 1 June 2018, the European Commission presented legislative proposals on the future 

of the common agricultural policy beyond 2020 (EC, 2018). 
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It is clear that the WEF nexus is strongly impacted by food production because it significantly contributes 

to the consumption of natural resources along its life cycle. Identification of tools to minimize such costs 

through the enhanced environment is, therefore, crucial. 

From a life cycle perspective, the most challenging and promising stage because of its potential in reducing 

the WEF nexus within the CE framework is the reduction, managing, and reuse of waste from food. An 

interesting review of food processing and waste within the nexus framework presenting challenges and 

potential solutions regarding the food manufacturing industry and waste production has been recently 

performed by Castell-Perez et al (Castell-Perez et al., 2017) and Kibler and Reinhart (Kibler et al., 2018). 

Main findings are that WEF impact management requires targeted action geared to two separate, yet 

interconnected fronts: (1) reduced proportion of produced food that is wasted and (2) calculated 

management of unpreventable food loss and waste. Breakthroughs in food processing have focused on 

water reuse by treatment and decreasing waste to minimize water use, whereas solutions for farm waste 

recovery can be used by feeding animals, composting and by substituting food wastes for traditional 

anaerobic digestion feedstock (Pérez-Camacho et al., 2018). 

An interesting article from Laso et al (Laso et al., 2018) present a combined application of LCA and linear 

programming to assess different waste management alternatives based on the nexus approach by means of 

an integrated Water-Energy-Food-Climate Nexus Index, whereas Strazza et al (Strazza et al., 2015), 

through a comparative LCA, investigate a potential innovative pattern of recycling food waste from cruise 

ships for use as feed in aquaculture, in terms of CE. 

As abovesaid, analogously to all industrial processes, also food production significantly contributes to 

consumption of resources and presents remarkable environmental impacts to be evaluated through a life 

cycle approach. From this perspective, LCA studies can represent a necessary decision tool in order to plan 

the appropriate strategies for life cycle management and the improvement of the environmental 

performance of products, aiming to the promotion of a shifting towards sustainable agriculture, farming 

and food production systems and leading towards more sustainable food consumption pattern. Over the last 

years, the food industry has seen the birth of several LCA studies defining the impact assessment of 

different products and consumer goods (Al-Ansari et al., 2015; Roy et al., 2009), such as bread (Espinoza-

Orias et al., 2011), beer (Cordella et al., 2007), wine (Martins et al., 2018; Pattara et al., 2012; Ponstein et 

al., 2019) and tomato products (Andersson et al., 1998; Del Borghi et al., 2014); milk (Eide, 2002) and 

butter (Flysjö, 2011); meat (Cesari et al., 2018; Gallo et al., 2015; Nunez et al., 2005); fishery (Biermann 

& Geist, 2019; Hospido et al., 2006); apple (Milà i Canals et al., 2006; Mouron et al., 2012), orange (Coltro 

et al., 2009), melon (de Figueirêdo et al., 2014), peach (Ingrao et al., 2015; Nikkhah et al., 2017), sugar 

(Yuttitham et al., 2011), olive (Avraamides & Fatta, 2008), lettuce (Foteinis & Chatzisymeon, 2016), beans 

(Romero-Gámez et al., 2012), peas (Naudin et al., 2014), broccoli (Atallah et al., 2014; Milà i Canals et al., 

2010) and animal feed (Strazza et al., 2015). 
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In particular, among the crops analysed in this thesis, tomato and tomato-based products seem to present a 

wider literature rather than the other crops. In 2019, Parajuli et al. (Parajuli et al., 2019) presented a review 

summarising relevant literature in the environmental sustainability assessment of fruits and vegetable 

production sector and, among 56 papers reviewed, 14 were focused or involved tomato cultivation whereas 

literature for beans (3 papers), peas (1 paper), corn (0 papers) and chickpeas (0 papers) showed fewer 

contributions. 

Referring to the Italian scenario, Cellura et al. (Cellura et al., 2012) evaluate the energy consumption and 

environmental burdens associated with the production of protected crops (tomatoes, cherry tomatoes, 

peppers, melons and zucchinis) in an agricultural district in the Mediterranean region. In this study, LCA 

was used as a ‘support tool’, to address local policies for sustainable production and consumption patterns, 

and to create a ‘knowledge base’ for environmental assessment of an extended agricultural production area. 

The proposed approach combined organisation-specific tools, such as Environmental Management Systems 

and Environmental Product Declarations, with the environmental management of the district. In 2014, Del 

Borghi et al. (Del Borghi et al., 2014) presented the results of a Life Cycle Assessment performed on 13 

tomato-based products (tomato purée, chopped tomatoes and peeled tomatoes in tomato juice) produced in 

Italy by Conserve Italia, one of largest agri-food industry European companies. The environmental hotspots 

of the whole supply chains of the investigated products have been identified, as agricultural phase and 

packaging production resulted to be the life-cycle stages with the highest impact in all the considered 

categories. The paper also identified and environmentally assessed improvement options related to 

packaging subsystem through the reduction of weight and the switch to different packaging materials. 

Bacenetti et al. (Bacenetti et al., 2015) focus on the chain of tomato purée production to evaluate the 

environmental burdens of tomato purée and to identify the environmental hotspots. Tomato processing 

involves a significant production of residues, mainly constituted by discarded tomatoes, skins, seeds and 

pulp. These residues are often not valorised so, as Alternative Scenario, the benefits arising from the by-

product utilization for energy purpose (biogas production) on the environmental burdens of tomato purée 

were assessed by the authors. Packaging production is not included in the analysis which identifies the 

following hotspots: diesel consumption for field operations for ozone depletion (75%); diesel fuel emissions 

for Climate change (35%) and photochemical ozone formation (53%); fertilizer consumption for climate 

change (32%); field emissions due to fertilizer applications (e.g., nitrate leaching, ammonia volatilization, 

phosphorous run-off) for acidification (61%) and terrestrial eutrophication (65%). 

The comparison between the two scenarios highlighted reductions for all the impact categories with the 

Alternative Scenario. The most important reductions are related to climate change (−6.4%) and ozone 

depletion (−13.4%). 

Payen et al. (Payen et al., 2015) performed a complete LCA including freshwater deprivation and identified 

the environmental hot-spots of off-season tomato production in Morocco and delivery to the French market 
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in winter. Tomatoes produced in Morocco under unheated greenhouses in a water-scarce areas cover 68% 

of the fresh tomatoes imported to France. The authors then compared these results with local French off-

season tomatoes on a range of environmental impact categories, including freshwater deprivation. The 

cradle-to-farm-gate results of the French tomato cropping system are characterised by heated greenhouses 

with a high level of inputs. The ranking between imported and local tomatoes was different depending on 

the impact category. Freshwater use had greater impacts under the Moroccan arid climate: 28.0 L H2Oeq/kg 

of Moroccan tomato and 7.5 L H2Oeq/kg of French tomato. Conversely, the higher level of artificialisation 

of the French production resulted in greater impacts on total energy consumption, global warming, and 

eutrophication, even including transport to France for the Moroccan tomato. These results emphasise the 

need of a trade-off between freshwater use impacts and the standard impacts, mostly energy-related, and 

the importance of considering different impact categories when performing an agricultural LCA. 

Perrin et al. (Perrin et al., 2017) present a detailed LCA addressing variability issues specific to vegetable 

cropping systems from tropical contexts. Based on a case study for urban garden tomatoes in Benin 

characterised by an extreme paucity of available data, a stratified sample of 12 fields was surveyed and 

used to design a representative average scenario for urban tomato gardens in Benin. To analyse the 

sensitivity of environmental impacts to management practices and environmental conditions, yields and 

nitrogen emissions from extreme scenarios were simulated with the crop model STICS. The environmental 

impacts of urban garden tomatoes in Benin resulted greater than the impacts of tomatoes grown in European 

cropping systems, due to low and variable crop yields, high fuel consumption for irrigation, large emissions 

of nutrients and an excessive use of insecticides. 

As most of the reported agricultural LCAs tend to be generic without considering regionalized 

environmental sensitivities, Canaj et al. (Canaj et al., 2020) developed a cradle-to-farm gate LCA of 

greenhouse tomatoes in a typical Albanian farm including spatial differentiation and indicators not covered 

by contemporary LCAs. The application of spatial differentiation resulted in higher impacts with about 

21% for particulate matter formation, 12% for human health ozone formation, 134% for ecosystem ozone 

formation, 19% for terrestrial acidification, and 13% for water consumption. Overall, at the endpoint level, 

9% and 24% less cumulative damage to human health and ecosystem quality were calculated with respect 

to the site-generic analysis primarily from the cause-and-effect chain of water consumption (mainly lower 

water stress index). The analysis affirms the importance of regional considerations in LCA calculations to 

reflect the impacts accordingly (i.e., the magnitude of impacts, the most relevant midpoint categories, and 

their relevance on endpoint level) and increase the possibility of making correct conclusions and sub-

optimizations, i.e., increase the discriminating power of LCA. 

Focusing on the production of tomato purée in the Puglia region (Italy), Ingrao et al. (Ingrao, 2019) 

highlighted the environmental hotspots and potential improvements of the product system. The authors 
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assessed how packaging production usually represent the major contributor to the environmental damage 

associated with the whole supply chain of processed food products, followed by the agricultural phase. 

Concerning legumes production, Bandekar et al. (Bandekar et al., 2022) assess the environmental impact 

associated with production and consumption of pulses in the United States. The system boundary was set 

to cradle-to-grave with a functional unit of 60 g (dry basis) of pulses consumed in a US household. Varieties 

of pulses modelled in the study included field pea (Pisum sativum), lentil (Lens culinaris), chickpea (Cicer 

arietinum), and dry bean. Three methods of cooking pulses at the consumer stage tested in the study were 

cooking in open vessel on electric cooking range (OVC), cooking in stovetop pressure cooker on electric 

cooking range (SPC), and cooking in electric pressure cooker (EPC). OVC formed the base scenario against 

which all other scenarios were compared. The consumer stage contributed at least 83, 81, 76, 75, and 87 

percent for global warming potential (GWP), fossil resource scarcity (FRS), water consumption (WC), 

freshwater eutrophication (FE), and marine eutrophication (ME), respectively for this scenario. EPC 

resulted in the greatest decrease in the environmental impact, compared to OVC, for GWP, FRS, FE, and 

ME for all pulse varieties, which was validated in the uncertainty analysis. SPC, on the other hand, 

decreased the impact across these categories only for chickpea and dry bean. The contribution of the 

farming stage to the most impact categories was lower compared to the consumer stage. The GWP of pulses 

at the farmgate ranged between 0.32 and 0.61 kg CO2 eq per kg of harvested pulses with the greatest GWP 

observed for dry beans, followed by lentil, chickpea, and field pea. A similar trend was also observed for 

the other impact categories. Overall, the study identified the consumer stage as the hotspot for 

environmental impact in the supply chain of pulses in the United States. The large contribution of the 

consumer stage to the overall environmental impact of pulses was attributed to electricity consumption for 

cooking and associated upstream emissions. 

Abeliotis et al. (Abeliotis et al., 2013) present a cradle-to-farm-gate LCA study for the comparison of the 

impacts generated by different modes of cultivation of beans in the Prespa National Park in Greece. More 

specifically, three different bean varieties have been assessed based on three different cultivation practices: 

conventional, integrated and organic. Moreover, the cultivation practices of the three bean varieties are 

compared based on two different functional units, namely a mass and an area unit. The results of the analysis 

indicate that the high input high yield bean varieties are environmentally preferable if the assessment refers 

to a mass-based functional unit, while the lower input lower yielding variety is preferable for a land use 

unit. The integrated agricultural practice ranks best among the three, in terms of the regional acidification 

and eutrophication impacts and the global warming potential. On the other hand, organic cultivation of 

beans leads to protection of the global abiotic resources. Electricity required for irrigation resulted the major 

input affecting the environmental impacts followed by the application of sheep manure. 

Referring to the Italian scenario, Ilari et al. (Ilari et al., 2019) assess the impact of frozen green bean 

production and processing. The analysis and relative information collected regards a medium industry 
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located in the south of Marche region (Italy) refers to the impact of 1 kg of frozen green bean for two 

different cultivation protocols for herbicides and pesticides application in order to assess the possible 

advantages due to shifting to different field treatments. The baseline scenario considers the application of 

two herbicides (Pendimethalin and Linuron) and two pesticides (Altacor and Azoxystrobin), while the 

alternative scenario considers one herbicides application (Clomazone) and two pesticides (Emamectine and 

Azoxystrobin). The results of the baseline scenario showed an impact of about 0.7 kg of CO2 eq for GWP, 

1.9E-4 kg of C2H4 eq for PCOP, 3.5E-3 kg of SO2 eq for AP and 1.7E-3 kg of PO4
3- for EP. The study also 

represents one of the few papers focusing on beans, especially if considering also the industrial processing 

step. 

Usubharatana an Phungrassami (Usubharatana & Phungrassami, 2016) analyse the environmental damage 

of food industry in Thailand, focusing on canned sweet corn (340 g) and using both LCA and environmental 

footprint methodology. The results are converted into an area of biologically productive land and presented 

as global hectares (gha). The ecological footprint of one can of sweet corn was calculated as 6.51E-04 gha. 

The three factors with the highest impact on ecological footprint value were the corn kernels used in the 

process, the packaging and steam production, equivalent to 2.93E-04 gha, 1.19E-04 gha and 1.17E-04 gha 

respectively. 

Elhami et al. (Elhami et al., 2016) performed an optimization of energy consumption and environmental 

impacts of chickpea production using data envelopment analysis (DEA) and multi objective genetic 

algorithm (MOGA) techniques. The authors collected data from 110 chickpea production enterprises in 

Iran. The results of optimization revealed that, when applying MOGA, a reduction by 17% relative to 

current situation of energy consumption can be obtained. MOGA was capable of reducing the energy 

consumption from machinery, farmyard manure, diesel fuel and nitrogen fertilizer (the mostly contributed 

inputs to the environmental emissions) by 59%, 28.5%, 24.58% and 11.24%, respectively. Overall, the 

MOGA technique showed a superior performance relative to DEA approach for optimizing energy inputs 

and reducing environmental impacts of chickpea production system. 

Saget et al. (Saget et al., 2020) focused instead on chickpea production as a candidate solution for 

substituting cereals with low-input, protein- and fibre-rich legumes in the production of mainstream foods. 

The goal of the study was that of facing unsustainable agricultural practices – heavily dependent on 

agrochemical inputs and leaking large amounts of reactive nitrogen (N) whilst degrading soils – and the 

consumption of energy-rich but nutrient-poor foods typical of modern food systems. Since chickpea is a 

leguminous crop that can be grown with little or no synthetic N fertiliser, it was selected as a candidate 

solution. Two functional units were used, an 80g serving of pasta, and a Nutrient Density Unit (NDU). 

Environmental burdens per serving were smaller for chickpea pasta across at least 10 of the 16 impact 

categories evaluated. Global warming, resource use minerals and metals, freshwater eutrophication, marine 

eutrophication, and terrestrial eutrophication burdens were smaller than those of durum wheat pasta by up 
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to 45%, 55%, 50%, 86%, and 76%, respectively. As cooked chickpea pasta contains 1.5 more protein, 3.2 

times more fibre and 8 times more essential fatty acids than cooked durum wheat pasta per kcal energy 

content, the environmental advantage of chickpea pasta extended to 15 of the 16 impact categories when 

footprints were compared per unit of nutrition. Global warming, resource use and eutrophication burdens 

per NDU were 79–95% smaller for chickpea pasta than for durum wheat pasta. The one major trade-off 

was land use, where chickpea pasta had a burden 200% higher per serving, or 17% higher per NDU, than 

wheat pasta. 

Generally, recent literature showed the tendency of extending the LCA analysis from the sole impact 

assessment of an actual scenario to the evaluation of potential optimisation and adaptation solutions for the 

analysed crops. 

As abovesaid, Parajuli et al. (Parajuli et al., 2019) presented a literature review discussing the influences of 

agro-climates, production systems, raw material inputs, post-harvest managements to the products' yield 

and quality. The paper analyses adaptation and other management options – including changes in crop 

calendar, nutrient and pest management strategies, post-harvest handling, and improved preservation of 

food products – and highlights how life cycle environmental evaluation of agri-food supply chain 

considering the relationship among product yield and qualities, climate change stresses and potential 

adaptation and mitigation measures is thus a new thrust and direction for research. 

Within the agri-food sector, legumes account for 27% of the world’s primary crop production representing 

an accessible and easily available protein source that can help to improve the nutritional status of the low-

income population enhancing the protein content of cereal-based diets (Iqbal et al., 2006). Japanese, 

Swedish and Mediterranean long-lived food culture are associated with the wide consumption of legumes 

in their traditional recipes and diets, awarding legumes as an integral part of the diet and a healthier 

alternative to traditional meat-based products (Darmadi-Blackberry et al., 2004). 

Martin-Gorriz et al. (Martin-Gorriz et al., 2020) focused on the Region of Murcia (south-east Spain) which 

exports 2.5 million tonnes of fruit and vegetables per year. Firstly, the authors present a quantification of 

the environmental impacts of the fruit and vegetable production systems in this region using a “cradle-to-

gate” life cycle assessment. Secondly, they propose and evaluate mitigation strategies to curb crop impact. 

The results showed that in general woody crops have bigger footprints than vegetable crops, as they usually 

demand higher amounts of energy, pesticides, fertilisers, and water, for considerably lower yields. 

Nonetheless, a turnabout in the carbon footprint was observed when CO2 fixation, which is commonly not 

included in Life Cycle Assessments (LCAs), was accounted for. Similarly to other studies, the results 

assessed how irrigation, field work operations and fertiliser production have the most detrimental impacts. 

The most promising impact-mitigation action analysed was the replacement of mineral fertiliser with 

manure, which offered potential footprint reductions of up to 10% and 21% for vegetable and woody crops, 
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respectively. For woody crops, moderate impact reductions (up to 6% without a decline in yield) were also 

achieved with deficit irrigation, which can be applied in synergy with mulching or organic fertilising. 

Originally developed to be used as decision support tool for environmental management, LCA has now 

also several related applications such as external communication through environmental labels and 

declarations. New consumer awareness and behaviours favouring greener products and services are shifting 

industry towards more environmentally sustainable production systems (Miranda-Ackerman & Azzaro-

Pantel, 2017). The International Standards Organization (ISO) has classified the existing environmental 

labels into three typologies – Type I, II and III – and has specified the preferential principles and procedures 

for each one of them (ISO 14021, ISO 14024 and ISO 14025) (ISO, 2010, 2018, 2021a). Despite Type I 

Eco-labels do not apply to food and feed products, Type III environmental declarations such as the 

Environmental Product Declaration (EPD) by the International EPD® System show a wide application of 

environmental labels. At the time of writing, the EPD Library presents 179 EPDs in the “food & beverage” 

sector (International EPD System, 2022c). Apart from EPDs developed within the framework of this thesis, 

a few food products concerning the analysed crops are available: 1 for peas (International EPD System, 

2018), 2 for tomatoes (International EPD System, 2022a, 2022b), and 3 for tomato-based sauces 

(International EPD System, 2020a, 2020b, 2021). 

At European level, the European Commission's Product Environmental Footprint (PEF), a multi-criteria 

measure for measuring and communicating the environmental performance of products, includes 11 food 

categories (Galatola & Pant, 2014). 

Table 2-1 List and classification of relevant papers concerning LCA of agricultural and processed food products. 

Paper reference 
Study 

area 

Functional 

unit 
System boundaries Assessment description 

Cellura et al., 2012 Italy 
1000 kg of 

tomatoes 

Cultivation and transportation of 

tomatoes; Selection and packaging; 

Distribution to consumers; 

Packaging and food waste end-of-

life 

LCA to assess the ecoprofile 

according to the EPD scheme 

Del borghi et al., 

2014 

Italy 

1 kg packaged 

tomato-based 

product 

Cultivation; Transportation to the 

processing factory; Food 

processing; Package manufacture; 

Food packing; End-of-life 

LCA to evaluate the 

environmental impacts of 13 

tomato-based products 

Bacenetti et al., 

2015 
Italy 

1 kg of tomato 

purée 

Cultivation and transportation of 

tomatoes; Food processing; By-

product treatment 

LCA to evaluate the 

environmental impacts of tomato 

purée and assess anaerobic 

digestion as alternative treatment 

of tomato by-product 



32 CHAPTER 2 

 

Payen et al., 2015 
Southern 

Morocco 

1 kg of fresh 

bulk tomato 

Seedling production; greenhouse 

manufacture; tomato production, 

packaging and transportation to the 

French market. 

LCA including freshwater 

deprivation and identification of 

the environmental hotspot of off-

season tomato production in 

Morocco and delivery to the 

French market in winter. 

Perrin et al., 2017 Benin 
1 kg of fresh 

yield 

Sowing; Nursery; Irrigation, 

fertilisation, and crop protection; 

Harvest 

LCA assessing 6 impact 

categories at midpoint level using 

the ReCiPe method adopting the 

hierarchist perspective 

Canaj et al., 2020 Albania 

1 hectare of 

cropped 

tomatoes over 

one cropping 

season 

Agricultural operations; Fertilizer 

application; Plant protection 

products application; Irrigation; 

Land occupation and transformation 

LCA assessing midpoint and 

endpoint indicators 

Ingrao et al., 2019 Italy 
685 g of tomato 

purée 

Nursery; Cultivation; Harvest; Food 

processing; Packaging 

LCA highlighting environmental 

hotspots and potential 

improvements for cultivation and 

food processing 

Bandekar et al., 

2022 

United 

States 

60 g (dry basis) 

of pulses 

Cultivation; Food processing; 

Distribution and storage; Cooking 

and consumption 

LCA assessing 6 impact 

categories for chickpea, dry bean, 

field pea and lentil 

Abeliotis et al., 

2013 
Greece 

1 kg of beans/ 1 

m2 of land 

Plowing; Soil treatment; Seeding; 

Irrigation; Harvest 

LCA comparison of the impacts 

generated by different modes of 

cultivation of beans 

Ilari et al., 2019 Italy 
1 kg of frozen 

green bean 

Cultivation; Transportation to 

factory; Food processing; Freezing 

LCA assessing the impact of 

frozen green bean production and 

processing according to two 

different scenarios of herbicide 

and pesticide application 

Usubharatana & 

Phungrassami, 

2016 

Thailand 
One can of sweet 

corn (340 g) 

Cultivation; Sorting; Food 

Processing; Storage 

Assessment of carbon footprint, 

ecological footprint, acidification 

and water consumption 

Elhami et al., 2016 Iran 

1 ton of 

produced 

chickpea/ 1 ha 

cultivated 

Cultivation; Harvest 

Optimisation of energy 

consumption and environmental 

impacts of chickpea production 

Saget et al., 2020  
80g dry weight 

of pasta 

Cultivation; Mill; Pasta production; 

Storage; Cooking 

LCA comparison of durum wheat 

pasta and chickpea pasta 
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2.1. GOAL OF THE STUDY 

With a life cycle approach, it is possible to identify both opportunities and risks of a product or technology, 

all the way from raw materials to disposal. To do this there is a continuum of life cycle approaches from 

qualitative (life cycle thinking) to comprehensive quantitative approaches (life cycle assessment studies). 

Life cycle approaches and tools have been developed, refined, are now more commonplace in the private 

and public sector, and are already stimulating and supporting the transition to a green economy. There are 

many approaches, programmes and activities in the life cycle thinking basket that are essential in a green 

economy. These have been developed to assist in decision-making at all levels regarding product 

development, production, procurement, and final disposal. They can be used in all sectors, and offer the 

possibility to examine a range of key impact categories and indicators, assessing the environmental and 

social impacts (e.g. Environmental LCA and Social LCA, carbon footprint, water footprint, etc.), as well 

as the ultimate effects of these on all three key sustainability pillars (e.g. life cycle sustainability assessment) 

(UNEP, 2021). In particular, Life Cycle Assessment (LCA) – further developed in the chapter 3 – is a 

methodology used to quantify the environmental burdens along the life cycle of a product or process. 

Based on the literature review presented above in chapter 2, a lack of knowledge is found in the 

environmental assessment of the analysed crops and related processed food products, especially for pulses 

(Ilari et al., 2019; Parajuli et al., 2019). In this context, this thesis fits into the framework of previous 

analyses of Italian case studies (Del Borghi et al., 2014, 2018a) aiming to extend its scope. With respect to 

the previous studies, this thesis introduces the assessment of sweet corn, extends the statistical and 

geographical representativeness of farm samples identified for crop cultivation, and increases up to 40 the 

number of processed food products analysed. 

As an attempt to fill this knowledge gap, the present thesis aims to investigate the supply chain of tomato- 

and vegetable-based food products through the application of Life Cycle Assessment. The purpose of this 

thesis is therefore to: 

1. investigate a set of tomato and vegetable products (i.e., peas, beans, sweet corn, and chickpeas) 

from a life-cycle perspective in order to highlight the environmental hot-spots along with their 

supply chain, thus allowing to drive eco-design measures for the product system. The products 

examined here are cultivated and processed in Italy by a Group representing one of the largest agri-

food industry. 

2. discuss the circular economy (CE) approaches devoted to improving the environmental 

performance of such crops and food products in the WEF framework. After performing a deep 

analysis of the literature on the WEF nexus and on LCA with a focus on the agri-food sector, the 

main outlook is that, despite the concepts are clear, there is an ongoing discussion on how to best 

transfer the concept from a theoretical framework into an integrated approach and policy. CE 

principles and eco-design strategies, with the support of tools based on a life cycle approach for 

http://www.unep.org/greeneconomy/aboutgei/whatisgei/tabid/29784/default.aspx
http://www.unep.org/greeneconomy/aboutgei/whatisgei/tabid/29784/default.aspx
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/environmental-lca/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/social-lca/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/carbon-footprint/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/water-footprint/
http://www.lifecycleinitiative.org/starting-life-cycle-thinking/life-cycle-approaches/life-cycle-sustainability-assessment/
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understanding the interconnections in the nexus along the whole supply chains, have to be applied 

to truly pave the way for water–energy–food nexus reduction. 

3. evaluate potential optimisation and climate adaptation solutions for the analysed crops in order to 

define reduction potential of strategies towards future scenarios.
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3. LIFE CYCLE ASSESSMENT METHODOLOGY 

Life Cycle Assessment (LCA) is a methodology to evaluate the potential environmental impacts deriving 

from products, processes, or services along their life cycle. The scope of a LCA study considers not only 

the actual processing stage (core processes) but also the upstream (e.g. raw material production, agriculture, 

livestock, fisheries and aquaculture & packaging production) and the downstream (e.g. product distribution, 

consumption or use phase, and waste disposal) ones including the transport activities needed in all the 

stages. 

The life cycle impact assessment results quantify the multiple environmental impacts by means of several 

characterisation models – each with its own equivalent unit of measurement – and facilitate the 

identification of the hotspots (i.e. the life cycle stages and activities associated with the most relevant 

impacts).  

The first studies to look at life cycle aspects of products and materials date from the late 1960s and early 

1970s, and focused on issues such as energy efficiency, consumption of raw materials and, to some extent, 

waste disposal (Jensen et al., 1997).  

In 1969, the Midwest Research Institute (MRI) for Coca Cola Company conducted a study to compare 

resource consumption and environmental releases associated with beverage containers (De Benedetto, 

1969). A follow-up of this study conducted by the same institute for the U.S. Environmental Protection 

Agency in 1974 (Hunt, 1974) and a similar study conducted by Basler & Hofman (Basler & Hofman, 1974) 

in Switzerland marked the beginning of the development of LCA as we know it today. The period 1970-

1990 comprised the decades of conception of LCA with widely diverging approaches, terminologies, and 

results. There was a clear lack of international scientific discussion and exchange platforms for LCA. 

During the 1970s and the 1980s, LCA studies were performed using different methods and without a 

common theoretical framework. The 1990s saw a remarkable growth of scientific and coordination 

activities worldwide, which is reflected in the number of workshops and other forums that have been 

organized in this decade and in the number of LCA guides and handbooks produced (Guinée et al., 2011). 

In 1990, the Society of Environmental Toxicology and Chemistry (SETAC) held LCA workshops and 

identified the various stages of the LCA framework, terminology and methodology (International Council 

of Chemical Associations, 1990). Next to SETAC, the International Organization for Standardization (ISO) 

has been involved in LCA since 1994. Whereas SETAC working groups focused on development and 

harmonization of methods, ISO adopted the formal task of standardization of methods and procedures 

(Guinée et al., 2011). 
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There are currently two international standards: 

• ISO 14040 (ISO, 2021b): ‘Environmental management - Life cycle assessment - Principles and 

framework’; 

• ISO 14044 (ISO, 2021c): ‘Environmental management - Life cycle assessment - Requirements and 

guidelines’. 

ISO 14040 considers the principles and framework for an LCA, while ISO 14044 specifies the requirements 

and guidelines for carrying out an LCA study. 

According to ISO 14040, the principles and framework for Life Cycle Assessment include (Figure 3-1): 

the goal and scope definition of the LCA; the life cycle inventory (LCI) phase; the life cycle impact 

assessment (LCIA) phase; the life cycle interpretation phase; reporting and critical review of the LCA; 

limitations of the LCA; relationship between the LCA phases; and conditions for use of value choices and 

optional elements. 

Among the above-said principles, only the first four constitute the real work phases for an LCA study and 

are explained in the following paragraphs. 

 

Figure 3-1 Phases of Life Cycle Assessment. 

 

The “Life cycle interpretation” phase runs through the other phases and consists in the identification of the 

significant issues based on the results of the LCI and LCIA phases, a continuous check on the completeness 

and the consistency of the data collected and on the sensitivity of the results with reference to the potential 

uncertainties linked with the data and the definition of the conclusions, limitations and recommendations 

of the study (Del Borghi et al., 2020). 
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3.1. GOAL AND SCOPE DEFINITION 

The "goal and scope definition" phase is generally meant to clearly identify the intention of the application 

and may be improved during the study. On the one hand, the goal of the study should state the intended 

application, the reasons that led to the start of the study, the final audience interested in the results of the 

study and if the results are meant to be used for comparative evaluations. On the other hand, the scope of 

the study should describe the product system involved in the study and its functions, the system boundaries, 

the allocation procedures utilised, the impact categories chosen to be characteristic and representative for 

the study, the data quality requirements and, in general, all the assumptions and the choices made for the 

realization of the study. In addition, the scope of the study has to define the “functional unit”, providing a 

reference to which the input and output data are normalised, and the results are referred and allowing the 

comparison with other systems – and then LCA studies – with the same functional unit. 

A functional unit is a measure of the performance of the functional outputs of the product system. The 

primary purpose of a functional unit is to provide a reference to which the inputs and outputs are related. 

This reference is necessary to ensure comparability of LCA results. Comparability of LCA results is 

particularly critical when different systems are being assessed to ensure that such comparisons are made on 

a common basis (Del Borghi et al., 2020). 

The system boundaries include all processes linked to the product supply chain related to the functional 

unit. The inclusion of all attributional processes from cradle-to-grave is a default approach. System 

boundaries can be divided into foreground processes and background processes. Foreground processes are 

processes from the system of primary concern to the analyst, for which direct access to information should 

be available. The background data include energy and materials that are delivered to the foreground system 

as aggregated data sets in which individual plants and operations are not identified. Moreover, the life cycle 

of products can be separated into different life cycle stages: upstream processes (from cradle-to-gate), core 

processes (from gate-to-gate) and downstream processes (from gate-to-grave). All elementary flows at 

resource extraction need to be included (van Oers et al., 2020). 

Boundaries towards nature are characterised by flows of material and energy resources from nature into the 

system and by emissions to air, water, and soil when they are emitted from or leaving the product system. 

Allocation can be defined as the partitioning of input or output flows of a process or a product system 

among the output unit under study and other product units. In case of multi-functionality, the following 

decision hierarchy can be set (Del Borghi et al., 2020):  

1. subdivision or system expansion;  

2. allocation based on a relevant underlying physical relationship;  

3. allocation based on some other relationship, such as economic value.  
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A critical difference between different approaches is that the method of avoiding allocation by expanding 

the system boundary is considered not applicable within an attributional LCA used (Pelletier et al., 2015). 

For example, in the context of ISO 14025 (ISO, 2010), the following step-wise procedures are usually 

applied for multifunctional products and multiproduct processes: 

1. Allocation is preferable to be avoided, if possible, by dividing the unit process into two or more 

sub-processes and collecting the environmental data related to these sub-processes; 

2. If allocation cannot be avoided, the inputs and outputs of the system may be partitioned between 

its different products or functions in a way that reflects the underlying physical relationships 

between them (i.e. they should reflect the way in which the inputs and outputs are changed by 

quantitative changes in the products or functions delivered by the system); 

Where physical relationships alone cannot be established or used as the basis for allocation, other allocation 

method can be defined for each process, including economic allocation. 

3.2. LIFE CYCLE INVENTORY 

The “Life Cycle Inventory analysis (LCI)” phase includes data collection and calculation procedures that 

allow quantifying the input and output flows of a product system. These incoming and outgoing flows have 

to consider all the energy, raw material and auxiliary inputs and can include the direct use of resources and 

emissions in the air, water and soil associated with the system. In order to allow the normalization with the 

functional unit, also data on products, co-products and waste quantities need to be collected. Since data 

may derive not only from actual measurements but also from calculations and estimations, a check on data 

validity needs to be conducted during the process of data collection to confirm and provide evidence that 

the data quality requirements for the intended application have been fulfilled. 

The inputs and outputs data can then be allocated to the different products according to clearly defined 

procedures that have to be stated and explained together with the allocation procedure. 

Starting from these data, the study can derive some interpretations, in relation to the goal and the field of 

application of the LCA study. These data also form the basis for the assessment of the impacts of the life 

cycle. 

3.3. LIFE CYCLE IMPACT ASSESSMENT 

The “Life Cycle Impact Assessment (LCIA)” phase consists in the evaluation of the environmental 

performance of the system analysed and includes the collection of indicator results for the different impact 

categories, which together represent the LCIA profile for the product system. The choice of the impact 

categories has to be coherent with the goal and scope definition in order to define the most representative 

ones. Each impact category is associated with at least one characterization model which, by means of a set 
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of characterization or emission factors, allows converting all the data collected during the LCI phase into 

well defined environmental impacts with their own units of measurement. 

The application and use of normalization, grouping and weighting methods shall be consistent with the goal 

and scope of the LCA and it shall be fully transparent. All methods and calculations used shall be 

documented to provide transparency. 

Within the LCIA, many different impact assessment methods may be used. Although these methods vary 

in several aspects, one main distinction is between midpoint and endpoint methods. These methods use 

different stages in the cause-effect chain to calculate the impact. An endpoint method looks at 

environmental impact at the end of this cause-effect chain. Endpoint results are typically shown as an impact 

on human health, ecosystem quality, and resource depletion. These three endpoints capture the effect of 

many different midpoints, since many different environmental impact pathways eventually end up as 

damage to human health, damage to ecosystems, or as depletion of resources. A midpoint method looks 

instead at the impact earlier along the cause-effect chain before the endpoint is reached. It is at this point 

that it determines potential environmental impact. 

Optional elements and information of the LCIA which can be used depending on the goal and scope of the 

LCA are: 

1. normalisation: calculating the magnitude of category indicator results relative to reference 

information; 

2. grouping: sorting and possibly ranking of the impact categories; 

3. weighting: converting and possibly aggregating indicator results across impact categories using 

numerical factors based on value-choices; data prior to weighting should remain available; 

4. data quality analysis: better understanding the reliability of the collection of indicator results, the 

LCIA profile. 

The optional LCIA elements may use information from outside the LCIA framework. The use of such 

information should be explained and the explanation should be reported. 

3.4. INTERPRETATION 

Interpretation is the phase of LCA in which the findings from the inventory analysis and the impact 

assessment are considered together or, in the case of LCI studies, the findings of the inventory analysis 

only. The interpretation phase should deliver results that are consistent with the defined goal and scope and 

which reach conclusions, explain limitations and provide recommendations. 

The interpretation should reflect the fact that the LCIA results are based on a relative approach, that they 

indicate potential environmental effects, and that they do not predict actual impacts on category endpoints, 

the exceeding of thresholds or safety margins or risks. 
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The findings of this interpretation may take the form of conclusions and recommendations to decision-

makers, consistent with the goal and scope of the study. 

Life cycle interpretation is also intended to provide a readily understandable, complete and consistent 

presentation of the results of an LCA, in accordance with the goal and scope definition of the study. 

The interpretation phase may involve the iterative process of reviewing and revising the scope of the LCA, 

as well as the nature and quality of the data collected in a way which is consistent with the defined goal. 

The findings of the life cycle interpretation should reflect the results of the evaluation element. 
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4. MATERIALS AND METHODS 

In the following chapter, the first two steps of the LCA are performed, defining the goal and scope of the 

study (paragraph 4.1) and the set of data collected for each of the sub-processes analysed (paragraph 4.2). 

These steps set the basis for the results presented in chapter 5. 

4.1. GOAL AND SCOPE DEFINITION 

The goal of the study is to carry out an environmental analysis and optimisation of the agri-food sector in 

order to identify the environmental hot-spots of certain processed food products based on tomato and 

vegetables (bean, pea, corn and chickpea) and improve the energy-environmental performance along their 

life-cycle. Furthermore, a sensitivity analysis has been performed in order to investigate the effect of 

different irrigation systems to the relevant impact categories and to quantify their achievable benefits. Some 

improvement options have also been investigated and compared in the thesis from a PA perspective: new 

crop ideotypes have been identified in order to better face future climate scenarios. 

All crops are of Italian origin and their cultivation is performed by agricultural co-operatives directly 

controlled by the same Group following integrated farming practices coherent with Regional Integrated 

Production specifications. The vegetables are grown in Northern and Central Italy (Emilia Romagna, in the 

Provinces of Ferrara, Piacenza, Bologna, Modena and further afield in Cremona, the Lodi Valley and the 

areas found between the Provinces of Verona and Mantova). Tomato is instead grown all across the country, 

especially in Emilia Romagna and Puglia. 

According to the goal of the study and in agreement with the Product Category Rules (PCR) 2019:10 

“Prepared and preserved vegetable and fruit products, including juice” (International EPD System, 2019), 

the declared unit is set equal to 1 kg of packaged product. Nevertheless, even if these may be appropriate 

as a reference flow or unit of analysis at inventory level, this choice is largely debated within the scientific 

community as mass does not really represent the true function of agricultural products. A number of 

researchers have proposed alternatives that include e.g. the nutritional value of the food (Heller et al., 2013), 

but a common solution is yet to come. Therefore, alternative units are briefly reported in the results. 

The main analysis focused on the cultivation and processing of packaged food products. The system 

boundaries include the phases along the supply chain from cradle to factory gate plus distribution of the 

final product and disposal of primary packaging (red boundaries in Figure 4-1).  

However, as agricultural products from the analysed crops may also be directly sold to consumers – instead 

of going through processing plants – alternative system boundaries (blue boundaries in Figure 4-1) have 
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been set including in the analysis the production of wood crates for food packaging in wholesale markets, 

the end of life of crates and an innovative end of life scenario of food waste. 

In order to simplify the reporting of data inventory and results, system boundaries have been split into 

different sub-systems, each one analysed according to a specific declared unit: 

• Production of fertilisers (1 ton); 

• Crop cultivation (1 kg); 

• Production of wood crates (1 crate with a 30-litre volume); 

• Production of bio-plastic from food waste at wholesale market (1 kg); 

• Food processing and packing (including end of life of primary packaging) (1 kg). 

Figure 4-2 summaries the sub-systems and the related paragraphs presented in the text. 

The cultivation phases, the production of packaging materials, the processing phase, the distribution and 

the end-of-life processes were included. The use-phase and the secondary/tertiary packaging disposal are 

out of the system boundaries. The use of by-products and wastewater sludge as fertilizer in the cultivation 

phase were modelled as internal recycling, while the transport of by-products and sludge from processing 

plants to the fields was included in the cut-off. According to the International EPD® System approach 

(International EPD system, 2021) and to “Polluter-Pays-Principle (PPP) allocation method”, that sets the 

delineation between two product systems to be the point where the waste has its “lowest market value”, 

system expansion and avoided burdens from recycling were not considered in this study. More precisely, 

allocation of waste shall follow the PPP and its interpretation in EN 15804: “processes of waste processing 

shall be assigned to the product system that generates the waste until the end-of-waste state is reached.” 

The end-of-waste state is reached when all the following criteria for the end-of-waste state are fulfilled: 

• the recovered material, component or product is commonly used for specific purposes; 

• a market or demand, identified e.g. by a positive economic value, exists for such a recovered 

material, component or product; 

• the recovered material, component or product fulfils the technical requirements for the specific 

purposes and meets the existing legislation and standards applicable to products; and 

• the use of the recovered material, product or construction element will not lead to overall adverse 

environmental or human health impacts. 

According to the PPP approach: 

• For waste being recycled or reused, the environmental impact of processes until the end-of-waste 

state shall be attributed to the product system generating the waste. Processes after the end-of-waste 

state, if any, shall be attributed to the product system using the recycled/reused material flow 

(recycled materials are thereafter considered secondary materials). Internal scraps that are recycled 

within a manufacturing process shall not be considered as an input of secondary material. 
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• For waste incineration with energy recovery, the end-of-waste state is reached after the incineration 

if the waste incinerator gets paid for incinerating the material (i.e., the material has a negative 

economic value), which means that the environmental impact of collection, pre-processing and 

incineration of the waste shall be attributed to the product system generating the waste. Impacts 

related to making use of the energy, if any, shall however be attributed to the product system using 

the energy. If the end-of-waste state is reached before the incineration/combustion of the waste, the 

waste shall be considered a secondary fuel and further processing and incineration/combustion of 

the secondary fuel shall be attributed to the product system using the energy. For example, this is 

the case if the waste incinerator pays for the material (i.e., the economic value of the material is 

positive) and all other criteria for the end-of-waste state are fulfilled as well. 

• For waste incineration without energy recovery, the environmental impact of collection, pre-

processing and incineration of the waste shall be attributed to the product system generating the 

waste. 

• For landfilling of waste, the environmental impact of landfilling as well as capturing and 

combustion of landfill gas, if any, shall be attributed to the product system generating the waste. 

Impacts related to making use of the energy, if any, shall be attributed to the product system using 

the energy. 

For the food processing stage, specific inventory data were mainly available. However, mass allocation has 

generally been applied when needed. Other specific allocation procedures are discussed within the specific 

paragraphs. 
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Figure 4-1 System boundaries of the analysis: agricultural product (blue boundaries) and processed food product 

(red boundaries). 
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Figure 4-2 Set of sub-systems analysed in the LCI and related paragraphs. 
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Data for the agricultural phase and food processing have been collected in cooperation with leading 

companies in the agri-food sector. In particular, data for crop cultivation refer to the company Conserve 

Italia, whose main goal is “to be a leader company in Europe in the sector of preserved foods, to achieve 

the highest value on fruit and vegetables supplied by associated farmers and give to consumers, thanks to 

food chain control and own brands reliability, guarantees on quality and food safety”. The strategies 

adopted by Conserve Italia are consequently addressed both to the agricultural world and to its market, thus 

acting as an intermediary between one and the other in order to seek the enhancement of fruit and vegetable 

products. 

Conserve Italia represents the first canning industry in Italy and ranks amongst the leading companies in 

this field in Europe, with an aggregate Group turnover which in 2017 reached 872 million euros (and 

consolidated financial statements of 833 million euros). 

Data on fertiliser production have been retrieved from Timac Agro Italia, part of the Groupe Roullier 

specialised in the production and marketing of a wide range of special and corrective fertilizers. The Group 

operates in four business sectors: agro-supplies, agro-chemical, agro-food and marine technologies. Timac 

Agro Italia is mainly part of the first sector, as it offers end users a complete range of special fertilizers and 

traditional fertilizers. 

Data on food packaging have been retrieved from Federlegno with a focus on the production of crates for 

food. Federlegno-Arredo is the Italian Federation of the wood, cork, furniture and furnishing industries. 

With 2.300 registered companies, it collects an overall invoice of about 40 billion euros, employs over 

410.000 people and exports over 30% of its production. 

The results have been assessed by implementing data on SimaPro v.9.1. Background data are retrieved from 

the Ecoinvent database v.3 (Ecoinvent Centre, 2013). 

In order to highlight the WEF nexus along the life cycle of the crops, a limited set of impact categories is 

applied as reported in paragraph 4.3. 

Finally, chapter 6 presents the analysis of potential improvements in alternative and future scenarios. 

Paragraph 6.1 combine data for the cultivation phase presented in paragraph 4.2.2 (year 2019) with data 

collected in 2018 in order to analyse the influence of different irrigation systems and cultivation areas on 

the WEF nexus. 

Paragraph 6.2 presents the environmental assessment of potential adaptation measures to future climate 

scenarios. The procedure of genotype selection of crops and the modification of management strategies are 

modelled through a specific software in order the quantify the material and energy inputs required by crops 

cultivation under different climate conditions. 
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4.2. LIFE CYCLE INVENTORY 

The foreground inventory data were directly collected from the involved farms and the production plants 

along the whole supply chain, from the agricultural to the distribution phase. The background life cycle 

inventory (LCI) data concerning the production of ingredients and additives, fertilisers, fuels and electricity 

production, and packaging materials were retrieved from Ecoinvent database v.3 (Ecoinvent Centre, 2013). 

Concerning the production of fertilisers, primary data have been collected for the environmental assessment 

and the identification of the hotspots. However, secondary data have been applied to the cultivation phase 

as the analysed fertilisers didn’t match the properties of those applied at farms. 

The data and the assumptions are described in the following paragraphs. 

4.2.1. Fertiliser production 

As stated in the goal and scope definition, data on fertilizer production are derived from a collaboration 

with Timac Agro Italia. The company is present on the Italian territory with two production plants. 

The Ripalta Arpina plant, in the province of Cremona, is intended for the production of granular mineral, 

organo-mineral fertilizers, simple superphosphate (SSP) and a special phosphorus-based raw material. 

The Barletta plant, in addition to the entire production range offered by Ripalta Arpina, also produces water-

soluble fertilizers. 

The two factories - Ripalta Arpina and Barletta - at full capacity can produce about 380,000 tons of finished 

product per year. 

However, in this study only the plant in Ripalta Arpina has been analysed and, in particular, the analysis 

focused on 8 different granular fertilisers. As the actual formulas are protected by industrial secrecy, 

fertiliser names are generically listed and described according to their NPK (nitrogen-phosphorous-

potassium) content in Table 4-1. 

Table 4-1 List of analysed fertilisers and NPK contents. 

Fertiliser name NPK content [%] 

Fertiliser 1 10-5-22 

Fertiliser 2 14-20-0 

Fertiliser 3 0-26-0 

Fertiliser 4 6-12-16 

Fertiliser 5 14-7-12 

Fertiliser 6 12-15-5 

Fertiliser 7 0-10-22 

Fertiliser 8 31-0-0 

https://www.sciencedirect.com/topics/engineering/ecoinvent-database
https://www.sciencedirect.com/science/article/pii/S2352550917300520?pes=vor#b14
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The plant works in a continuous cycle. The reference year, to which the data collection refers, is 2018. Data 

are collected and presented below according to the overall energy and material consumption at plant. They 

were then normalised according to a declared unit equal to 1 ton of fertilizer (including packaging) for each 

on the analysed products. 

The system boundaries applied to the analysis are reported in Figure 4-3. 

 

 

Figure 4-3 System boundaries for fertiliser production. 

 

The Rivalta Arpina plant produces and packages simple phosphatic mineral fertilisers, NPK compound 

mineral fertilisers and NPK organo-mineral fertilisers. The manufacture of the products takes place through 

three sub-plants: 

• Superphosphate production plant (semi-finished product); 

• Nitrogen melting plant (semi-finished product); 

• Granulation plant. 

The superphosphate (SSP) production plant is composed of a sulfuric acid storage and mixing plant, a crude 

phosphorite grinding plant and a dilute acid and ground phosphorite mixing plant, at the service of which 

a wet washing plant is installed for the abatement of the vapours generated by the exothermic reaction. 

Two dry systems with bag filtration are technically connected to the granulation plant. 

The production data for 2018 are shown in Table 4-2. 
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Table 4-2 Fertiliser production at the Ripalta Arpina plant (annual value for year 2018). 

Fertiliser type Produced quantities [ton] 

NPK fertilisers 124.252 

Superphosphate 57.947 

Nitrogenous supercalcium 2.269 

 

Aside from the needed pre-treatment steps for the production of the abovesaid semi-finished products, the 

steps of the granulation plant are described as follows. 

The solid raw materials for the production of fertilizers arrive in the company and are stored mostly in bulk, 

in areas suitably identified for subsequent use, while the phosphorites are stored in silos. The liquid 

substances are stored in special silos and containers, for subsequent use in production plants. The solid raw 

materials are recovered from the heap using a mechanical shovel and placed in the dosing hoppers. Then, 

they are dosed and transported by belts and fed into a granulation cylinder. 

In the granulator, with the dosed addition of water/steam in the right quantities, an optimal aggregation of 

the raw materials and a constant granulometric structure of production is obtained. At the exit of the 

granulator, the product is unloaded and via conveyor belts it is sent to the drying section, where the granule 

formation and consolidation process continues. The drying phase of the product takes place under the 

suction of a centrifugal fan and at pre-set temperatures by means of a co-current heat exchanger with hot 

air derived from direct fumes coming from the exhaust of a cogeneration plant. At the exit of the dryer, the 

product is sent via belt to a cooling section. 

The cooling/stabilization phase of the product takes place under the suction of a centrifugal fan through a 

counter-current exchange of cold air (at ambient temperature). At the discharge of the cooler, by means of 

a belt and a bucket elevator, the product is sent to two screens which separate the fertilizer into the fractions 

of: 

• Big product; 

• Fine product; 

• Good product (with the right granulation). 

The fine product is recycled directly by returning to the granulation cylinder while the big one is re-

introduced after grinding into a breaking mill. Before being sent to the warehouse, the product with the 

right granulation undergoes a further cooling and, therefore, an anti-packing treatment in a special cylinder. 

According to the packaging and selling size required, the granular finished products can follow two 

different paths. In both cases, the entire system of loading, screening, weighing, and bagging is kept under 

suction while the screened part is conveyed inside a special sealed chamber. 
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On the one side, the products are loaded by a mechanical shovel into a hopper which, through a belt and 

elevator, feeds the screening system. From here, the screened product is transported to a buffer hopper, 

weighed, and unloaded into waterproof 600 kg polypropylene (PP) big-bags and, by forklift, deposited for 

storage on the yard or directly on a truck. 

On the other side, the granular finished products are loaded by a mechanical shovel into 3 hoppers which, 

by means of a conveyor belt and elevator, feed the screening system. From here, the screened product is 

transported in three storage hoppers, weighed, transported inside a packaging line consisting of a bagging 

machine, an anthropomorphic robot and a hooding machine and bagged and palletized in 25 and 40 kg 

polyethylene (PE) bags. 

Finally, the products are sent inside a filming plant (self-tightening hood) and by forklift deposited for 

storage on the yard or directly on a truck. 

The process scheme is summarised in Figure 3-2. 

 

Figure 4-4 Process scheme for the production of fertilisers. 
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All data presented below refer to the annual activity data of the company in the reference year. 

The analysed fertilisers were modelled according to the specific industrial formulas provided by the 

company. The list of the considered raw materials involves: 

• Sulfo-urea mixture (29% sulphuric acid, 66% urea) 

• Borax pentahydrate 

• Calcium carbonate 

• Magnesium chloride 

• Potassium chloride 

• Diammonium phosphate 

• Phosphorite 

• Magnesium oxide 

• Ammonium Sulphate 

• Iron sulphate heptahydrate 

• Manganese sulphate 

• Potassium sulphate 

• Mono zinc sulphate 

• Complex SSP (40% sulphuric acid, 60% phosphorite) 

• Nitrogenous supercalcium 

• Talc 

• Potassium humate 

• Urea 

As abovesaid, the final product is packed inside PP big-bags or low density PE bags. Secondary packaging 

also involves silage film, coverstretch and wood pallets (Table 4-3). 

Moreover, the plant is supplied with 124,149 litres of diesel used for internal transportation and with natural 

gas for the functioning of 4 boilers and 1 cogeneration system (Table 4-4). 
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Table 4-3 Primary and secondary packaging supply and consumption at plant (annual value for year 2018). 

Packaging type Material Quantity (kg) Mean of transport 
Distance from suppliers 

to plant (km) 

Big Bag PP 36,113 Lorry, 16-32t, EURO 4 2,113 

Big Bag PP 16,477 Lorry, 16-32t, EURO 4 666 

Big Bag PP 95,500 Lorry, 16-32t, EURO 4 566.5 

PPH bags LDPE 97,839 Lorry, 16-32t, EURO 4 55.7 

PPH bags LDPE 71,417 Lorry, 16-32t, EURO 4 55.7 

Silage film LDPE 38,216.6 Lorry, 16-32t, EURO 4 55.7 

Coverstretch PVC 28,145 Lorry, 16-32t, EURO 4 1,362 

Pallet Wood 249,546 Lorry, 16-32t, EURO 4 150 

Table 4-4 Consumption of natural gas at plant (annual value for year 2018). 

Heating system Stdm3 kWh (Thermal) 

Boiler 1 2,050,185 20,076,436.61 

Boiler 2 57,969 567,661.43 

Boiler 3 30,066 294,421.31 

Boiler 4 23,652 231,612.21 

Cogeneration system 1,664,113 6,909,430.46 

 

Concerning electric energy, most of the actual consumption is provided by the cogeneration system but a 

remaining quantity is still purchased from the grid. The exceeding electricity produced from cogeneration 

is also sold to the grid (Table 4-5) and is then subtracted from the net production before defining the 

percentage mix of purchased and self-consumed electricity. The impact deriving from the cogeneration 

system has been allocated to electric and thermal energy according to the electric and thermal efficiencies 

of cogeneration and those of non-cogenerative standard systems (Table 4-6) as suggested by the PCR 

2007:08 “Electricity, steam and hot/cold water generation and distribution” (International EPD System, 

2007). The allocation method is based on the fact that benefits gained from improved fuel utilisation as 

well as the environmental impacts connected to combined heat and power generation, are distributed 

between the two products – electricity and heat – in the same proportion as the fuel needed for separate 

electricity and heat generation processes (standard systems). The relationship of distribution is expressed 

as percentage of the fuel needed for each alternative process with respect to the total quantity needed. 
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Table 4-5 Electric energy generation and consumption at plant (annual value for year 2018). 

Electric energy kWh 

Purchased from the grid 1,884,519 

Sold to the grid 165,852 

Net production from cogeneration 6,022,893 

Table 4-6 Allocation for the cogeneration system. 

Parameter Value 

Electric efficiency, net (cogeneration system) [AE] 0.37 

Thermal efficiency, net (cogeneration system) [AT] 0.42 

Electric efficiency, net (standard system) [BE] 0.419 

Thermal efficiency, net (standard system) [BT] 0.9 

Primary energy required by standard systems, electric [CE=AE/BE] 0.88 

Primary energy required by standard systems, thermal [CT=AT/BT] 0.47 

Allocation to electric energy [CE/(CE+CT)] 65.19% 

Allocation to thermal energy [CT/(CE+CT)]  34.81% 

 

The water consumption – derived from wells – consists of 8,529 m3 for the production of superphosphate 

and of 22,.526 m3 for the overall production of NPK fertilisers (see Table 4.2 for the produced quantities). 

Despite the consumption, no water discharge is present as water is completely evaporated. Air emissions 

of pollutant substances – deriving from gas combustion and dispersive process emissions – are reported in 

Table 4-7. Not being monitored along with pollutants, CO2 emissions are evaluated according to database 

values for gas burning. 

Waste transport and treatment are also considered according to the Unified Environmental Declaration 

Form (Table 4-8). 

Table 4-7 Air emissions at plant (annual value for year 2018). 

Emission Quantity [ton] 

SO2 2.092 

NOx 37.46 

Particulates 3.824 

VOC 12.23 

CO 0.042 
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Table 4-8 Waste production and treatment at plant (annual value for year 2018). 

EWC Code Recycling/Disposal Quantity [kg] Distance [km] 

070213 D 11,200 19 

080318 D 73 16 

120112* D 640 54 

130205* D 2,200 54 

130802* D 1,560 54 

150102 R 85,120 19 

150102 R 27,330 24 

150103 R 139,320 10 

150106 D 1,190 68 

150106 D 63,620 10 

150110* D 270 54 

150202* D 600 54 

150203 D 120 54 

150203 D 8,370 16 

160107* D 5 54 

160213* D 10 16 

160214 D 2,804 16 

160305* D 300 54 

160601* D 50 54 

170107 D 690 1 

170405 R 55,580 17 

170411 R 460 17 

170603* D 130 52 

200121* D 10 16 

200304 D 16,680 43 

 

Concerning the remaining downstream processes: 

• a distribution distance of 200 km by lorry (Euro 4, 16-32 t) has been considered for the final 

product; 

• an overall recycling rate of 44.5%, energy recovery rate of 43% and disposal rate of 12.5% have 

been applied for the end-of-life scenario of the primary packaging (COREPLA, 2018). 

The emission deriving from nitrogen application – calculated according to the methodology reported in 

PCR 2010:20 Mineral or chemical fertilisers (International EPD System, 2010) – are not assessed in the 
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main text as available in paragraph 4.2.2 for the actual fertilisers used in crop cultivation. Nevertheless, 

these data are reported in Appendix B along with the related results. 

4.2.2. Crop cultivation 

Data on crop cultivation are derived from a collaboration with Conserve Italia. The cultivation areas chosen 

by the company consider the specific suitability of the different cultivation areas according to the climate 

and the soil. Special attention is also given to the choice of vegetables varieties, considering the organoleptic 

characteristics of the berries, the consistency of the pulp, the colour, the sugar content, the acidity of the 

juice and their resistance to different diseases. 

These choices have also been accompanied by an industrial policy that has ensured that the processing 

plants are all located in the centre or in the vicinity of the major cultivation areas, a choice that allows a 

significant reduction in transport and waiting times before processing. 

The crops analysed in this study are pea, bean, corn, chickpea, and tomato. 

Data were collected both in 2018 and 2019. Nevertheless, 2019 is set as a reference year for data concerning 

the step of crop cultivation. 

 

The most representative farms for each type of cultivation were selected for the study, taking into 

consideration the geographical areas and the hectares cultivated (Tables 4-9 and 4-10). Several farms have 

been taken into consideration, and more precisely: 9 farms for beans, 11 for peas, 16 for sweet corn, 12 for 

chickpeas, and 20 for tomatoes. 

The farms selected for tomato production are representative for Conserve Italia's procurement plan. The 

tomato is usually grown for 60-70% in the North (Emilia-Romagna), the remainder is divided between 

Tuscany and Puglia. 

For the representativeness analysis of tomato, the following areas were considered: 

• for the North: Ravenna, Ferrara, Modena; 

• for the Centre: Grosseto; 

• for the South: Bari and Foggia. 

The dimensions shown are the average size of the sector, ranging from about 10 to 20 hectares. The soil 

textures vary between clayey, sandy, and medium mixture, which are typical of the areas considered. 

The choice of the farms concerning the irrigation system took into consideration the different geographical 

areas. For Northern Italy there is a prevalence of irrigation by sprinkling due to the greater availability of 

water, while in the Central and Southern Italy all irrigation is by hose. 

Also in the case of vegetables (pea, bean, sweet corn and chickpea), farms are selected according to 

Conserve Italia's procurement plan. Peas, beans, and corn are grown entirely in Northern Italy (60% Emilia-
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Romagna, 40% Lombardy and Veneto), while the chickpea is grown in Central and Southern Italy (Marche, 

Tuscany, Lazio, and Puglia). 

For the representativeness analysis of vegetables, the following areas were considered: 

• Emilia-Romagna (Piacenza, Ravenna, Ferrara, Bologna, Modena); 

• Lombardy (Lodi, Cremona, Bergamo, Mantua); 

• Veneto (Verona); 

• Marche (Ancona); 

• Tuscany (Grosseto); 

• Lazio (Viterbo, Rome); 

• Puglia (Foggia). 

The dimensions shown are the average dimensions of the sector, ranging from 10 to 40 hectares 

approximately. The soil textures vary between clayey, sandy and medium mixture, which are typical of the 

areas considered. 

The choice of the companies regarding the irrigation system has taken into consideration the different types 

of irrigation, mainly sprinkler and pivot. 

It should be noted that the production of peas may not require irrigation. 

Table 4-9 Geographical, agronomic, and technological data on selected farms (tomato). 

Crop Area Region Province 
Dimension 

(ha) 
Soil type Irrigation system 

Tomato North Emilia-Romagna Ravenna 3.5 Clay Sprinkler 

Tomato North Emilia-Romagna Ravenna 6.4 Medium mixture Hose 

Tomato North Emilia-Romagna Modena 9.9 Medium mixture Hose 

Tomato North Emilia-Romagna Modena 26.2 Clay Sprinkler 

Tomato North Lombardy Mantua 25.0 Medium mixture Hose 

Tomato North Lombardy Mantua 10.6 Clay Hose 

Tomato Centre Tuscany Grosseto 24.2 Clay Hose 

Tomato Centre Tuscany Grosseto 23.1 Medium mixture Hose 

Tomato North Emilia-Romagna Ferrara 18.3 Sandy Lateral infiltration 

Tomato North Emilia-Romagna Ferrara 65.4 Sandy Lateral infiltration 

Tomato South Puglia Foggia 17.0 Medium mixture Hose 

Tomato South Puglia Foggia 11.7 Medium mixture Hose 

Tomato South Puglia Foggia 11.7 Medium mixture Hose 

Tomato South Puglia Foggia 5.0 Medium mixture Hose 

Tomato South Puglia Foggia 18.3 Medium mixture Hose 

Tomato South Puglia Foggia 11.0 Medium mixture Hose 

Tomato South Puglia Foggia 9.3 Medium mixture Hose 

Tomato South Puglia Foggia 32.0 Medium mixture Hose 

Tomato South Puglia Taranto 7.7 Medium mixture Hose 

Tomato South Puglia Foggia 8.5 Medium mixture Hose 
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Table 4-10 Geographical, agronomic, and technological data on selected farms (corn, bean, pea, chickpea). 

Crop Area Region Province 
Dimension 

(ha) 
Soil type Irrigation system 

Corn North Emilia-Romagna Piacenza-Parma-R. Emilia 11.9 Clay Sprinkler 

Corn North Emilia-Romagna Piacenza-Parma-R. Emilia 7.2 Clay Sprinkler 

Corn North Emilia-Romagna Piacenza-Parma-R. Emilia 13.2 Clay Sprinkler 

Corn North Emilia-Romagna Piacenza-Parma-R. Emilia 10.0 Clay Sprinkler 

Corn North Emilia-Romagna Piacenza-Parma-R. Emilia 13.5 Clay Sprinkler 

Corn North Emilia-Romagna Piacenza-Parma-R. Emilia 11.7 Clay Sprinkler 

Corn North Emilia-Romagna Piacenza-Parma-R. Emilia 12.0 Clay Sprinkler 

Corn North Lombardy Cremona-Lodi 7.0 Sandy Gravity-flow 

Corn North Lombardy Cremona-Lodi 19.4 Sandy Pivot 

Corn North Lombardy Cremona-Lodi 7.7 Sandy Gravity-flow 

Corn North Lombardy Cremona-Lodi 25.6 Sandy Pivot 

Corn North Lombardy Cremona-Lodi 36.4 Sandy Pivot 

Corn North Emilia-Romagna Ferrara 23.5 Sandy Sprinkler 

Corn North Emilia-Romagna Ferrara 11.5 Sandy Sprinkler 

Corn North Emilia-Romagna Bologna 15.0 Clay Sprinkler 

Corn North Lombardy/Veneto Mantua-Verona 7.8 Sandy Sprinkler 

Crop Area Region Province 
Dimension 

(ha) 
Soil type Irrigation system 

Bean North Lombardy Mantua-Verona-Rovigo 21.1 Sandy Sprinkler 

Bean North Veneto Mantua-Verona-Rovigo 15.8 Sandy Sprinkler 

Bean North Lombardy Mantua-Verona-Rovigo 19.8 Sandy Sprinkler 

Bean North Veneto Mantua-Verona-Rovigo 11.6 Sandy Sprinkler 

Bean North Lombardy Cremona-Lodi 18.0 Sandy Sprinkler 

Bean North Lombardy Cremona-Lodi 26.2 Sandy Sprinkler 

Bean North Lombardy Cremona-Lodi 8.2 Sandy Sprinkler 

Bean North Emilia-Romagna Ferrara-Ravenna 13.0 Sandy Sprinkler 

Bean North Emilia-Romagna Piacenza 10.4 Clay Sprinkler 

Crop Area Region Province 
Dimension 

(ha) 
Soil type Irrigation system 

Pea North Emilia-Romagna Ferrara-Ravenna 32.0 Sandy Sprinkler 

Pea North Emilia-Romagna Ferrara-Ravenna 68.5 Sandy Sprinkler 

Pea North Emilia-Romagna Ferrara-Ravenna 24.0 Sandy Sprinkler 

Pea North Emilia-Romagna Ferrara-Ravenna 30.0 Sandy Sprinkler 

Pea North Emilia-Romagna Ferrara-Ravenna 11.0 Sandy Pivot 

Pea North Emilia-Romagna Ferrara-Ravenna 9.6 Sandy Sprinkler 

Pea North Lombardy/Veneto Mantua-Verona 22.9 Medium mixture Sprinkler 

Pea North Lombardy/Veneto Mantua-Verona 8.1 Medium mixture Sprinkler 

Pea North Lombardy Cremona-Lodi 20.2 Sandy Sprinkler 

Pea North Emilia-Romagna Bologna 31.0 Clay Sprinkler 

Pea North Emilia-Romagna Piacenza 11.9 Clay Sprinkler 

Crop Area Region Province 
Dimension 

(ha) 
Soil type Irrigation system 

Chickpea Centre Marche Ancona 2.5 Clay Not irrigated 

Chickpea Centre Marche Ancona 5.0 Clay Not irrigated 

Chickpea Centre Marche Ancona 4.0 Clay Not irrigated 

Chickpea Centre Marche Ancona 4.0 Clay Not irrigated 

Chickpea Centre Marche Ancona 11.0 Clay Not irrigated 
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Chickpea South Puglia Foggia 110.0 Sandy Not irrigated 

Chickpea South Puglia Foggia 70.0 Sandy Not irrigated 

Chickpea Centre Marche Pesaro-Urbino 4.0 Clay Not irrigated 

Chickpea Centre Marche Pesaro-Urbino 7.5 Clay Not irrigated 

Chickpea Centre Tuscany Livorno 20.0 Sandy Not irrigated 

Chickpea Centre Lazio Viterbo 10.2 Sandy Not irrigated 

Chickpea Centre Lazio Rome 30.0 Sandy Not irrigated 

 

Data concerning agricultural production are all referred to a cultivated hectare and are all primary data or 

calculated from data provided directly by the cooperative and by farms. Crop yield can vary because of 

conditions such as weather, soil, location, input intensity, irrigation, and rotation. 

The amount of water used, both to dilute herbicides and to irrigate, have been provided for each company, 

specifying the numbers of irrigation interventions and the methodology used. The water used for irrigation 

and treatments is taken from the drainage channel. Water use varies with species, climatic and soil 

conditions, and with the growth period. 

Direct energy use from agricultural inputs comes from on-farm diesel consumption for machinery 

operations and includes irrigation and fertirrigation. Each selected company has provided agricultural diesel 

consumption for each processing phase. For the fuel it was considered a density of 0.84 kg/l and a heating 

value of 42.877 MJ/kg. 

As nitrogen fertilizers, urea (NPK 46-0-0) or ammonium nitrate (28% of N) are commonly applied. A 

certain amount of nitrogen may be also administered in the form of ternary fertilizer (NPK) and organic 

fertilizer. Phosphoric anhydride (P2O5) and potassium oxide (K2O) are used as phosphoric and potassium 

fertilizer respectively. 

As far as chemical treatments are concerned, selected herbicides are used for pre and post emergence against 

weeds. The maximum number of their applications is set by the applicable Regional Integrated Production 

specifications. 

As for the packaging – i.e. the sacks of seeds, fertilizers and chemicals – the number was calculated using 

the quantities used in the field and the weight was calculated effectively measuring the various polyethylene 

packaging. For tomato, plastic boxes containing the seedlings were also considered. Packaging waste is 

then sent to recycling. 

Crop yield, seeds, water, fertilizers, chemical treatments, diesel consumption and packaging are all primary 

data collected during the reference period. Such primary data were collected in the form of checklists: 

examples are reported in Appendix A. 

Collected data were divided in 3 different geographical areas: Northern, Central and Southern Italy. Within 

the same geographical area, the average of the sample was calculated defining the representative data per 

hectare of the area. Then, average crop data for the reference year were obtained applying a weighted 
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average to data from the 3 geographical areas: weighting factors have been defined on the basis of the actual 

quantities supplied by Conserve Italia in 2019. 

Aggregated data for the six crops are reported in Tables 4-11 – 4-15. 

Table 4-11 Aggregated data for crop cultivation (pea). 

PEA Northern Central Southern Average     

Crop distribution 100% 0% 0%       

   t/ha t/ha t/ha t/ha     

Crop yield 5,82     5,82     

    kg-N°/ha kg-N°/ha kg-N°/ha kg-N°/ha     

Seeds/seedlings 143,45     143,45     

  litres/ha litres/ha litres/ha litres/ha MJ/ha   

Diesel 241,00     241,00 8.680   

    m3/ha m3/ha m3/ha m3/ha     

Water   184,38     184,38     

    kg/ha kg/ha kg/ha kg/ha     

Fertilisers   4,18     4,18 kgN/ha Urea 

    22,14     22,14 kgN/ha Ammonium nitrate 

    0,00     0,00 kgN/ha   

            kg/ha Manure 

    0,00     0,00 kgP/ha   

    0,00     0,00 kgK/ha   

                

    kg-litre/ha kg-litre/ha kg-litre/ha kg-litre/ha     

Chemicals   5,19     5,19     

                

                

    kg/ha kg/ha kg/ha kg/ha     

Packaging 0,16     0,16     

                

    kWh/ha kWh/ha kWh/ha kWh/ha     

Electricity         0,00     
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Table 4-12 Aggregated data for crop cultivation (bean). 

BEAN Northern Central Southern Average     

Crop distribution 100% 0% 0%       

   t/ha t/ha t/ha t/ha     

Crop yield 3,17     3,17     

    kg-N°/ha kg-N°/ha kg-N°/ha kg-N°/ha     

Seeds/seedlings 160,13     160,13     

  litres/ha litres/ha litres/ha litres/ha MJ/ha   

Diesel 414,78     414,78 14.939   

    m3/ha m3/ha m3/ha m3/ha     

Water   1248,16     1248,16     

    kg/ha kg/ha kg/ha kg/ha     

Fertilisers   20,44     20,44 kgN/ha Urea 

    0,00     0,00 kgN/ha Ammonium nitrate 

    0,00     0,00 kgN/ha   

    
      

kg/ha Manure 

    0,00     0,00 kgP/ha   

    0,00     0,00 kgK/ha   

                

    kg-litre/ha kg-litre/ha kg-litre/ha kg-litre/ha     

Chemicals   10,97     10,97     

                

                

    kg/ha kg/ha kg/ha kg/ha     

Packaging 0,33     0,33     

                

    kWh/ha kWh/ha kWh/ha kWh/ha     

Electricity         0,00     
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Table 4-13 Aggregated data for crop cultivation (corn). 

CORN Northern Central Southern Average     

Crop distribution 100% 0% 0%       

   t/ha t/ha t/ha t/ha     

Crop yield 14,44     14,44     

    kg-N°/ha kg-N°/ha kg-N°/ha kg-N°/ha     

Seeds/seedlings 8,89     8,89     

  litres/ha litres/ha litres/ha litres/ha MJ/ha   

Diesel 360,94     360,94 13.000   

    m3/ha m3/ha m3/ha m3/ha     

Water   1.676,29     1.676,29     

    kg/ha kg/ha kg/ha kg/ha     

Fertilisers   140,16     140,16 kgN/ha Urea 

    0,00     0,00 kgN/ha Ammonium nitrate 

    15,22     15,22 kgN/ha   

            kg/ha Manure 

    21,61     21,61 kgP/ha   

    4,00     4,00 kgK/ha   

                

    kg-litre/ha kg-litre/ha kg-litre/ha kg-litre/ha     

Chemicals   14,51     14,51     

                

                

    kg/ha kg/ha kg/ha kg/ha     

Packaging 0,44     0,44     

                

    kWh/ha kWh/ha kWh/ha kWh/ha     

Electricity         0,00     

 

 

 

 

 

 

 



62 CHAPTER 4 

 

Table 4-14 Aggregated data for crop cultivation (chickpea). 

CHICKPEA Northern Central Southern Average     

Crop distribution 0% 88% 12%       

   t/ha t/ha t/ha t/ha     

Crop yield    1,43  1,20 1,41     

    kg-N°/ha kg-N°/ha kg-N°/ha kg-N°/ha     

Seeds/seedlings    120,00  120,00 120,00     

  litres/ha litres/ha litres/ha litres/ha MJ/ha   

Diesel    196,80  186,00 195,53 7.042   

    m3/ha m3/ha m3/ha m3/ha     

Water      1,68  1,60 1,67     

    kg/ha kg/ha kg/ha kg/ha     

Fertilisers         0,00 kgN/ha Urea 

          0,00 kgN/ha Ammonium nitrate 

          0,00 kgN/ha   

            kg/ha Manure 

          0,00 kgP/ha   

          0,00 kgK/ha   

                

    kg-litre/ha kg-litre/ha kg-litre/ha kg-litre/ha     

Chemicals      5,40  5,35 5,39     

                

                

    kg/ha kg/ha kg/ha kg/ha     

Packaging       0,00     

                

    kWh/ha kWh/ha kWh/ha kWh/ha     

Electricity         0,00     
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Table 4-15 Aggregated data for crop cultivation (tomato). 

TOMATO Northern Central Southern Average     

Crop distribution 61% 21% 18%       

   t/ha t/ha t/ha t/ha     

Crop yield 70,75 91,00 103,52 80,97     

    kg-N°/ha kg-N°/ha kg-N°/ha kg-N°/ha     

Seeds/seedlings 32.250,00 33.000,00 31.061,90 32.186,84     

  litres/ha litres/ha litres/ha litres/ha MJ/ha   

Diesel 297,00 460,50 516,50 371,25 13.371   

    m3/ha m3/ha m3/ha m3/ha     

Water   1.807,52 3.510,04 4.644,51 2.682,08     

    kg/ha kg/ha kg/ha kg/ha     

Fertilisers   0,00 0,00 0,00 0,00 kgN/ha Urea 

    0,00 0,00 0,00 0,00 kgN/ha Ammonium nitrate 

    108,10 164,19 118,58 121,65 kgN/ha   

            kg/ha Manure 

    57,60 122,15 114,37 81,42 kgP/ha   

    56,30 177,88 16,78 74,22 kgK/ha   

                

    kg-litre/ha kg-litre/ha kg-litre/ha kg-litre/ha     

Chemicals   39,44 32,58 28,22 35,95     

                

                

    kg/ha kg/ha kg/ha kg/ha     

Packaging 68,72 114,21 140,50 91,34     

                

    kWh/ha kWh/ha kWh/ha kWh/ha     

Electricity         0,00     

 

The air and water emissions caused using nitrogen fertilizers have been calculated according to the PCR 

2020:07 Arable and vegetable crops (International EPD System, 2020c). The emissions in the case under 

study concern chemical and organic fertilizers, both nitrogenous and phosphate: in the first case they are 

represented by ammonium nitrate, urea, organic manure and ternary fertilizer; and in the second case from 

phosphorus pentoxide (P2O5). 

According to the PCR, the emissions in air considered are: 

• Ammonia volatilised; 

• NO – total emissions; 

• N2O – direct and indirect emission. 
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Whereas the emissions in water are: 

• Nitrates leaching and run-off 

• Phosphorous. 

Emission factors defined by the PCR and calculation of the emissions deriving from fertiliser application 

for the six crops are reported in Tables 4-16 – 4-20. The first 3 columns summarise the overall nitrogen 

content applied through urea, ammonium nitrate and other NPK fertilisers and the related conversion factor 

defining the specific emissions per mass unit of fertiliser. For each compound emitted, the total emissions 

are summed in terms of the different fertilisers considered. Then, they are converted from the quantity of 

N content emitted (e.g. kg-NH3-N) to the actual mass emitted for each compound (e.g. kg-NH3). 

Table 4-16 Emissions in air and in water from fertiliser application (pea). 

PEA          

NITROGEN 

FERTILISERS 

Urea [kg 

N/ha] 

Ammoniun 

nitrate [kg 

N/ha] 

NPK [kg 

N/ha] 

Total [kg 

N/ha] 
   

kg-N   4,182 22,136 0,000 26,32   

    
kg-NH3-N 

/kg-N 

kg-NH3-N /kg-

N 

kg-NH3-N 

/kg-N 

kg-NH3-

N/ha 
 kg-NH3/kg-

NH3-N 

kg-

NH3/ha 

Emissions in air - NH3 0,1420 0,0300 0,0230 1,25791  1,2159 1,52948 

    kg-N2O/kg-N kg-N2O/kg-N kg-N2O/kg-N 
kg-

N2O/ha 
 kg-N2O/kg-

N2O 

kg-

N2O/ha 

Emissions in air - N2O 

(direct and indirect) 
0,0220 0,0220 0,0220 0,57900  1,0000 0,57900 

    
kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-

N/ha 
 kg-NO/kg-

NO-N 
kg-NO/ha 

Emissions in air - NO 

(direct) 
0,0110 0,0290 0,0225 0,68795  2,1422 1,47375 

    
kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-

N/ha 
 kg-NO3/kg-

NO3-N 

kg- 

NO3/ha 

Emissions in water - 

Nitrates NO3 
0,2400 0,2400 0,2400 6,31636  4,4266 27,96029 

           

           

PHOSPHATIC 

FERTILISERS 
 kg- P/ha      

     0,00      

     kg-P/kg-P 

applied 
 kg-P/ha    

Emissions in water  0,0500  0,00000    
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Table 4-17 Emissions in air and in water from fertiliser application (bean). 

BEAN                 

NITROGEN 

FERTILISERS 

Urea [kg 

N/ha] 

Ammoniun 

nitrate [kg 

N/ha] 

NPK [kg 

N/ha] 

Total [kg 

N/ha] 
   

kg-N   20,444 0,000 15,222 20,44   

    
kg-NH3-N 

/kg-N 

kg-NH3-N /kg-

N 

kg-NH3-N 

/kg-N 

kg-NH3-

N/ha 
 kg-NH3/kg-

NH3-N 

kg-

NH3/ha 

Emissions in air - NH3 0,1420 0,0300 0,0230 2,90311  1,2159 3,52987 

    kg-N2O/kg-N kg-N2O/kg-N kg-N2O/kg-N 
kg-

N2O/ha 
 kg-N2O/kg-

N2O 

kg-

N2O/ha 

Emissions in air - N2O 

(direct and indirect) 
0,0220 0,0220 0,0220 0,44978  1,0000 0,44978 

    
kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-

N/ha 
 kg-NO/kg-

NO-N 
kg-NO/ha 

Emissions in air - NO 

(direct) 
0,0110 0,0290 0,0225 0,22489  2,1422 0,48176 

    
kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-

N/ha 
 kg-NO3/kg-

NO3-N 

kg- 

NO3/ha 

Emissions in water - 

Nitrates NO3 
0,2400 0,2400 0,2400 4,90667  4,4266 21,72007 

           

           

PHOSPHATIC 

FERTILISERS 
 kg- P/ha      

     0,00      

     kg-P/kg-P 

applied 
 kg-P/ha    

Emissions in water  0,0500  0,00000    
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Table 4-18 Emissions in air and in water from fertiliser application (corn). 

CORN                 

NITROGEN 

FERTILISERS 

Urea [kg 

N/ha] 

Ammoniun 

nitrate [kg 

N/ha] 

NPK [kg 

N/ha] 

Total [kg 

N/ha] 
   

kg-N   140,156 0,000 15,222 155,38   

    
kg-NH3-N 

/kg-N 

kg-NH3-N /kg-

N 

kg-NH3-N 

/kg-N 

kg-NH3-

N/ha 
 kg-NH3/kg-

NH3-N 

kg-

NH3/ha 

Emissions in air - NH3 0,1420 0,0300 0,0230 20,25229  1,2159 24,62460 

    kg-N2O/kg-N kg-N2O/kg-N kg-N2O/kg-N 
kg-

N2O/ha 
 kg-N2O/kg-

N2O 

kg-

N2O/ha 

Emissions in air - N2O 

(direct and indirect) 
0,0220 0,0220 0,0220 3,41832  1,0000 3,41832 

    
kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-

N/ha 
 kg-NO/kg-

NO-N 
kg-NO/ha 

Emissions in air - NO 

(direct) 
0,0110 0,0290 0,0225 1,88421  2,1422 4,03638 

    
kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-

N/ha 
 kg-NO3/kg-

NO3-N 

kg- 

NO3/ha 

Emissions in water - 

Nitrates NO3 
0,2400 0,2400 0,2400 37,29075  4,4266 165,07287 

           

           

PHOSPHATIC 

FERTILISERS 
 kg- P/ha      

     21,61      

     kg-P/kg-P 

applied 
 kg-P/ha    

Emissions in water  0,0500  1,08031    
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Table 4-19 Emissions in air and in water from fertiliser application (chickpea). 

CHICKPEA                 

NITROGEN 

FERTILISERS 

Urea [kg 

N/ha] 

Ammoniun 

nitrate [kg 

N/ha] 

NPK [kg 

N/ha] 

Total [kg 

N/ha] 
   

kg-N   0,000 0,000 0,000 0,00   

    
kg-NH3-N 

/kg-N 

kg-NH3-N /kg-

N 

kg-NH3-N 

/kg-N 

kg-NH3-

N/ha 
 kg-NH3/kg-

NH3-N 

kg-

NH3/ha 

Emissions in air - NH3 0,1420 0,0300 0,0230 0,00000  1,2159 0,00000 

    kg-N2O/kg-N kg-N2O/kg-N kg-N2O/kg-N 
kg-

N2O/ha 
 kg-N2O/kg-

N2O 

kg-

N2O/ha 

Emissions in air - N2O 

(direct and indirect) 
0,0220 0,0220 0,0220 0,00000  1,0000 0,00000 

    
kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-

N/ha 
 kg-NO/kg-

NO-N 
kg-NO/ha 

Emissions in air - NO 

(direct) 
0,0110 0,0290 0,0225 0,00000  2,1422 0,00000 

    
kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-

N/ha 
 kg-NO3/kg-

NO3-N 

kg- 

NO3/ha 

Emissions in water - 

Nitrates NO3 
0,2400 0,2400 0,2400 0,00000  4,4266 0,00000 

           

           

PHOSPHATIC 

FERTILISERS 
 kg- P/ha      

     0,00      

     kg-P/kg-P 

applied 
 kg-P/ha    

Emissions in water  0,0500  0,00000    
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Table 4-20 Emissions in air and in water from fertiliser application (tomato). 

TOMATO                 

NITROGEN 

FERTILISERS 

Urea [kg 

N/ha] 

Ammoniun 

nitrate [kg 

N/ha] 

NPK [kg 

N/ha] 

Total [kg 

N/ha] 
   

kg-N   0,000 0,000 121,649 121,65   

    
kg-NH3-N 

/kg-N 

kg-NH3-N /kg-

N 

kg-NH3-N 

/kg-N 

kg-NH3-

N/ha 
 kg-NH3/kg-

NH3-N 

kg-

NH3/ha 

Emissions in air - NH3 0,1420 0,0300 0,0230 2,79792  1,2159 3,40196 

    kg-N2O/kg-N kg-N2O/kg-N kg-N2O/kg-N 
kg-

N2O/ha 
 kg-N2O/kg-

N2O 

kg-

N2O/ha 

Emissions in air - N2O 

(direct and indirect) 
0,0220 0,0220 0,0220 2,67627  1,0000 2,67627 

    
kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-N /kg-

N 

kg-NO-

N/ha 
 kg-NO/kg-

NO-N 
kg-NO/ha 

Emissions in air - NO 

(direct) 
0,0110 0,0290 0,0225 2,73709  2,1422 5,86344 

    
kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-N 

/kg-N 

kg- NO3-

N/ha 
 kg-NO3/kg-

NO3-N 

kg- 

NO3/ha 

Emissions in water - 

Nitrates NO3 
0,2400 0,2400 0,2400 29,19565  4,4266 129,23874 

           

           

PHOSPHATIC 

FERTILISERS 
 kg- P/ha      

     81,42      

     kg-P/kg-P 

applied 
 kg-P/ha    

Emissions in water  0,0500  4,07083    
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4.2.3. Food packaging 

Concerning the production of food packaging for the selling at wholesale market, in the case of the 

agriculture products the focus is put on the wood crates usually applied for such products. 

The packages are mainly made of poplar, fir, pine and beech wood of first use. It is also possible to use any 

wood species and/or material derived from wood, as long as it complies with current laws and regulations 

relating to materials in contact with food. 

In the case under study, the sole poplar use is chosen for the definition of the representative product as it is 

the most widespread wood material for crates. No further analysis for the other mentioned wood material 

is performed since a material change would poorly affect the results, considering the reduced contribution 

of the cultivation phase in general and that the manufacturing processes are independent of the type of wood 

selected. 

Usually it is not necessary for the wood to be subjected to chemical preservative treatments; otherwise, the 

substances used must also comply with the regulations in force regarding materials in contact with food. 

The formats most frequently used in Italy, especially in the fruit and vegetable sector, are: 

• 20 (width) x 30 (length) cm 

• 30 (width) x 50 (length) cm 

• 30 (width) x 40 (length) cm 

• 40 (width) x 60 (length) cm 

With regard to the lateral wooden elements that determine the height, they are commonly referred to as 

"lists or strips" and can be in variable numbers. In the most common formats, the height varies from a 

minimum of 8 cm to a maximum of 25-30 cm. 

The production of wooden packaging in Italy is linked to localization phenomena. For example, as is 

known, the production of wooden boxes for fruit and vegetables is mainly concentrated in Southern Italy 

while poplar cultivation is more widespread in Northern Italy. 

However, the production process of wooden packaging is very simple and standardized: that is, the 

packaging is produced according to completely similar processes in all companies in the national territory. 

For these reasons, in the creation of the sample of companies that were considered in the data collection 

phase, the geographical, localisation and sizing factors of the companies were considered more important 

than the size of the sample itself. Some companies in Northern Italy linked to poplar cultivation and others 

in Southern Italy linked to the actual production of packaging were selected. 

All the realities identified and considered in the sample also represent a reference for the sector in terms of 

seniority in the sector, in order to guarantee a better and more consolidated quality of the specific data used 

as input to the study. 
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As a further criterion, companies of significantly different size and turnover were also selected, in order to 

make the sample more representative and to consider the economies of scale that can influence the final 

environmental impacts. 

Data have been collected with reference to year 2019 and results have been evaluated for the identification 

of the potential environmental impacts related to the production of a representative 30 l crate. Two 

representative products are considered: 

1. Packaging made entirely of poplar veneer (4 sides and the bottom) and pine corners, with a weight 

of 700 gr. Considering the marginal weight of the pine corners, the packaging is modelled as 700 

grams of poplar veneer; 

2. Packaging consisting of a poplar veneer bottom, 4 poplar plywood sides and pine corners, with a 

weight of 600 gr. Considering the marginal weight of the pine corners, the packaging is modelled 

as 450 g of poplar veneer and 150 g of poplar plywood. 

The system boundaries are divided into the following phases of the life cycle (Figure 4-5): 

• Production of raw materials; 

• Transport of raw materials; 

• Crate production; 

• Distribution; 

• End of life. 

 

 

Figure 4-5 System boundaries for wood crate production and end of life. 
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The inventory analysis included data collection and calculation procedures that allow to quantify the input 

and output flows of the system. Unless otherwise specified, the data collected refer to the year 2019. Only 

for plywood production, in order to expand the sample of companies, data relating to a data collection 

carried out in 2016 were used. 

The specific data collection focused on the various companies involved in the wooden packaging 

production chain. In particular, primary data was collected from 3 companies for poplar cultivation, 3 for 

plywood production, 3 for veneer production and 6 for crate production. 

In case a company is unable to collect and report a specific datum, only data from other companies are used 

for the definition of the normalized average. 

For the poplar cultivation phase there is no particular use of fertilizers and herbicides, nor of electricity and 

water for irrigation. 

The data were provided per unit of surface area (hectare, ha) covered by the poplar grove (Table 4-21). 

Table 4-21 Input data for poplar cultivation. 

Parameter Unit Company 1 Company 2 Company 3 Normalised 

Seedling n/ha 270 260 360 296.667 

Pesticides l/ha 0 0 3 1.000 

Fertilisers kg/ha 0 0 0,2 0.067 

Yield kg/ha 27,000.00 27,000.00 40,000.00 31,333.333 

Water m3/ha 0 0 0 0 

Diesel l/ha 13 12 40 21.667 

 

For the production of the poplar veneer, only virgin wood is used and not recycled wood. Processing waste 

concerns the wood lost in the various treatments and its destination: internal recycling, external recycling, 

waste-to-energy. For the analysed scenario, a complete recycling of wood waste is considered and 

transportation to waste users is neglected. It must be noted that lost wood indicates the mass difference 

between input and output materials, caused not only by process losses but also by wood drying during 

storage and manufacturing. There is no water consumption or use of chemical substances (eg formaldehyde, 

urea, melamine, resins, glues, etc.) related to the production of the veneer (Table 4-22). Transportation from 

field to plant is performed by lorry (EURO 4, 7.5-16 t). 
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Table 4-22 Input data for veneer production. 

Parameter Unit Company 1 Company 2 Company 3 Normalised 

Veneer production kg 5,936,700.00 4,235,938.00 63,000.00 1 

Virgin wood kg 8,481,000.00 6,051,340.00 90,000.00 1.429 

Recycled wood kg 0 0 0 0 

Lost wood kg 2,544,300.00 1,815,402.00 27,000.00 0.429 

Electricity kWh 266,718 185,579 -  0.044 

Diesel l 0 3,640 2,000 0.001 

Inbound transport km 675.6 300   488 

 

For plywood production (Table 4-23), mainly virgin wood is used but, to a minimum part, also recycled 

wood. Processing waste is related to the wood lost in the various treatments and its destination: internal 

recycling, external recycling, waste-to-energy. All wood waste is meant for energy recovery in the boiler: 

where this is not sufficient to cover the energy needs of the system, the additional biomass purchased is 

calculated as the difference between total biomass consumption in the boiler and the internal waste sent to 

the boiler. If there is excess wood waste, this is usually recycled in other production systems, e.g. in the 

furniture industry. A distance of 30 km has been assumed for the waste transport by lorry (EURO 4, 7.5-16 

t). 

In the case of veneer as well as plywood, the differences potentially resulting from the application of the 

mass balance are due to a considerable loss of moisture between the incoming wood and the outgoing 

product. 

Unlike the veneer, urea and formaldehyde are used as glue in plywood production. 

Given the artisan-like activity of crate manufacturing, the process does not generate specific process-related 

waste and the waste produced is assimilated to municipal solid waste. 
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Table 4-23 Input data for plywood production. 

Parameter Unit Company 1 
Company 2 

(2016) 

Company 3 

(2016) 
Normalised Unit 

Plywood 

production 
m3 1 1 1 450 kg 

Virgin wood kg 2,500.000 543.516 765.000 1,269.505 kg 

Recycled wood kg 0 66.424 0 22.141 kg 

Lost wood kg 1,375.000 91.491 252.000 572.830 kg 

Water m3 0.040 3.137 0.023 1.067 m3 

Electricity kWh 120.000 108.460 - 114.230 kWh 

Diesel l 1.000 0 - 0.500 l 

Burnt biomass kg 1400.000 369.592 342.000 703.864 kg 

Glue kg 30.000 3.978 19.688 17.888 kg 

Flocculants kg - 0,065 - 0.065 kg 

Paraffinic emulsion kg - 2,254 - 2.254 kg 

Waste kg 0.000 95.971 0.000 31.990 kg 

Inbound transport km 300 - - 300 km 

 

As regards the production of wood crates (Table 4-24), the data were collected from various producers. The 

quantity of incoming wood was defined on the basis of the weights of the representative products selected. 

There is no significant consumption of fuels, water, nor the use of recycled materials. For the analysed 

scenario, a complete recycling of wood waste is considered and transportation to waste users is neglected. 

A distance of 30 km has been assumed for the waste transport by lorry (EURO 4, 7.5-16 t). 
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Table 4-24 Input data for crate production. 

Parameter Unit Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 Normalised 

Crate 

production 
pieces 6,913,000 4,000,000 7,614,230 2,270,000 1,050,000 15,000,000 1 

Lost wood % 30% - 10% 20% 10% 35% 21% 

Electricity 

from grid 
kWh 298,859 - 207,943 80,000 75,000 500,000 0.035 

Electricity 

from PV 
kWh 0 - 0 0 0 202,692 0.006 

Natural gas m3 - - 3,920 - - - 0.001 

Diesel l - - - 12,000 - - 0.002 

Chemicals kg 50 - - - - - 17.888 

Iron wire kg 180,400 826 242,646 - 24,000 394,000 0.024 

Packaging kg - - 2260.8 - - - 2.254 

Varnish kg - - 160 - - - 31.990 

Waste kg - - - - 50,000 6,000,000 0.377 

Inbound 

transport 
km 900 50 500 100 400 100 342 

Outbound 

transport 
km 200 - 150 50 80 50 106 

 

Data used to model the use and end-of-life scenarios of wood crates were provided by Federlegno and 

ISPRA and are shown in Tables 4-25 and 4-26. 

A final distance of 30 km by lorry (EURO 4, 7.5-16 t) has been assumed for the transport of the product at 

waste treatment plants at the end of life. 

Table 4-25 Input data for crates end-of-life. 

End-of-life treatment Unit Value 

Landfill % 23 

Reuse % - 

Mechanical recycling % 41 

Composting % 9 

Energy recovery % 3 

Domestic burning % 24 
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Table 4-26 Input data for iron wire end-of-life. 

End-of-life treatment Unit Value 

Recycling from separate collection % 51 

Recycling from mechanical selection % 36 

Incineration % 13 

4.2.4. Recycling of food waste 

Through an experimental laboratory campaign conducted by the IIT (Istituto Italiano di Tecnologia), the 

production process of a vegetable bio-composite materials obtained by valorisation of food waste at a 

wholesale market (Perotto et al., 2018, 2020) has been analysed. The studied bio-composite films were 

designed by researchers as food packaging to replace the traditional plastic trays made with PET, commonly 

used for the separation of different layers inside crates. Different flowsheets and scenarios were analysed 

studying alternative processes using vegetables waste from a wholesale market and carrot pomace obtained 

as residue of juicing as alternative raw materials. Chemical process design and eco-design principles were 

applied, selecting a series of processing steps and their integration to form a complete manufacturing 

system, with the aim of precisely analysing the process and gather data that can be used to maximise its 

sustainability through a life-cycle approach. Once the best process structure was established, then a model 

of the process based on LCA methodology was developed. 

Food waste used in the laboratory campaign comes from a wholesale market in Genoa (Italy), near the IIT 

buildings. Carrot pomace in powder form is provided by Harms Food (Zeven, Germany). The pomace is 

received as dried powder and used without further purification or pre-processing. Formic acid (98%) and 

Polyvinyl alcohol (PVA) (average mol wt 30000 - 70000, 87-90% hydrolysed) are purchased from Sigma 

Aldrich. MilliQ water is used for all the experiments.  

Films are produced by casting after hydrolysis of the pomace in an acidic water solution. The protocol is 

adapted from the methods published in Perotto et al. (2018, 2020). Briefly, carrot pomace is dispersed in a 

1M formic acid solution in water at a concentration of 50 mg/ml. The solution is hydrolysed for 16 hours 

at 40°C after which PVA is added to the solution to achieve a concentration of 5 mg/ml, in order to have a 

carrot:PVA ratio of 10:1. After complete dissolution, the dispersion is cast on a large (30 x 50 cm) tray to 

obtain films and left to dry at room temperature for 48 hours. 

The alveoli are fabricated by thermoforming, according to the method developed in Perotto et al. (2020). 

Briefly, films are conditioned in a 100% relative humidity environment for 24 hours to plasticise and then 

are thermoformed for 10 min at 80°C between silicone moulds. 

Four different scenarios are compared at laboratory scale, all of which have, as their objective, the 

production of 1 kg of biopolymer, in the form of alveoli (food packaging), but differ in the input materials 

used and in the quantities of each individual material. System boundaries include the phases along the 
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supply chain from the collection of vegetable residues to the gate. No impact is allocated to the carrot 

pomace and only its transportation to the IIT labs is assessed among input data 

Four different flowsheets and scenarios were analysed: bio-composite materials produced from vegetable 

scraps through two different processes, and bio-composite materials produced by a powder already 

available at industrial level. 

In the first two scenarios, the process aims at representing the proof of concept previously developed in the 

IIT labs in which fruits and vegetables discarded in a wholesale market were transformed into bioplastic 

films at the market facility, where the waste was generated. Films were then thermoformed to produce the 

alveoli used for food packaging. The second two scenarios were meant to analyse the work described in 

recent papers (Perotto et al., 2018, 2020) and, more broadly, to represent a scenario in which the waste is 

produced in one factory, dried to facilitate transportation, and then converted into packaging in a different 

place. The four scenarios will be briefly described below. 

Scenario 1, shown in Figure 4-6, consists in the production of bio-composite materials starting from 

vegetable waste retrieved by an urban market (artichokes, celery stalks and other), produced through a four 

steps process carried out at laboratory level:  

1. Pulping of the vegetables with a blender to obtain a powder;  

2. Hydrolysis of the powder with water, formic acid and polyvinyl acid (PVA) in a beaker on a hot 

plate to obtain a bio-solution; 

3. Casting of the bio-solution and subsequent air cooling to obtain a film; 

4. Thermoforming of the film thus created to obtain the alveolus to be used as food packaging. 

 

Figure 4-6 Scenario 1 – Process flowsheet. 
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Scenario 2, shown in Figure 4-7, differs from Scenario 1 in the hydrolysis step and it also consists of 5 

steps:  

1. Pulping of the vegetables with a blender to obtain a powder;  

2. Hydrolysis of the powder with water, concentrated HCl (a 5% aqueous solution was obtained) 

and polyvinyl acid (PVA) in a beaker on a hot plate to obtain a bio-solution (plant dispersion); 

3. Dialysis to remove residual water used in excess in hydrolysis; 

4. Casting of the bio-solution and subsequent air cooling to obtain a film; 

5. Thermoforming of the film thus created to obtain the alveolus to be used as food packaging. 

 

Figure 4-7 Scenario 2 – Process flowsheet. 

 

Scenario 3, shown in Figure 4-8, consists in in the production of bio-composite materials from a powder 

produced by an industrial plant from their carrot production waste. 

It consists of 4 steps:  

1. Production of vegetable powder in the industrial plant and its transport to IIT laboratories; 

2. Hydrolysis of the powder with water, formic acid and polyvinyl acid (PVA) in a beaker on a hot 

plate in order to obtain a bio-solution; 

3. Casting of the bio-solution and subsequent air cooling to obtain a film; 

4. Thermoforming of the film thus created to obtain the alveolus to be used as food packaging. 
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Figure 4-8 Scenario 3 – Process flowsheet. 

 

Scenario 4, shown in Figure 4-9, consists in in the production of bio-composite materials from a powder 

produced by an industrial plant from their carrot production waste. 

It consists of 5 steps:  

1. Production of vegetable powder in the industrial plant and its transport to IIT laboratories; 

2. Hydrolysis of the powder with water, concentrated HCl (a 5% aqueous solution was obtained) and 

polyvinyl acid (PVA) in a beaker on a hot plate to obtain a bio-solution (plant dispersion); 

3. Dialysis to remove residual water used in excess in hydrolysis; 

4. Casting of the bio-solution and subsequent air cooling to obtain a film; 

5. Thermoforming of the film thus created to obtain the alveolus to be used as food packaging. 
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Figure 4-9 Scenario 4 – Process flowsheet. 

Tables 4-27 – 4-30 report all the inventory data collected at laboratory level for the four scenarios based on 

the assumptions described above. For Scenarios 3 and 4, an additional supply distance of 1.250 km by lorry 

(EURO 4, 16-32 t) is assumed for industrial powder. 

Table 4-27 Scenario 1 - Inventory data for 1 kg of biopolymer. 

Steps Input Materials [kg] Energy Consumption [kWh] 

STEP 1 - Pulping - 0.5 

STEP 2 - Hydrolysis 

Water: 10 

Formic Acid 98%: 0.5 

PVA (Polyvinyl acid): 0.1 

0.80 

STEP 3 - Casting - - 

STEP 4 - Thermoforming - 0.05 

Table 4-28 Scenario 2 - Inventory data for 1 kg of biopolymer. 

Steps Input Materials [kg] Energy Consumption [kWh] 

STEP 1 - Pulping - 0.5 

STEP 2 - Hydrolysis 

Water: 16 

Hydrochloric acid 30%: 5 

PVA (Polyvinyl acid): 0.1 

0.80 

STEP 3 - Dialysis Water: 2.400 0.17 

STEP 4 - Casting - - 

STEP 5 - Thermoforming - 0.05 
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Table 4-29 Scenario 3 - Inventory data for 1 kg of biopolymer. 

Steps Input Materials [kg] Energy Consumption [kWh] 

STEP 1 - Pulping - 0.5 

STEP 2 - Hydrolysis 

Water: 20 

Formic Acid 98%: 0.5 

PVA (Polyvinyl acid): 0.1 

0.80 

STEP 3 - Casting - - 

STEP 4 - Thermoforming - 0.05 

Table 4-30 Scenario 4 - Inventory data for 1 kg of biopolymer. 

Steps Input Materials [kg] Energy Consumption [kWh] 

STEP 1 - Pulping - 0.5 

STEP 2 - Hydrolysis 

Water: 32 

Hydrochloric acid 30%: 5 

PVA (Polyvinyl acid): 0.1 

0.80 

STEP 3 - Dialysis Water: 2.400 0.17 

STEP 4 - Casting - - 

STEP 5 - Thermoforming - 0.05 

4.2.5. Food manufacturing and distribution 

This section contains the inventory analysis and the assumptions made for the production phase, included 

in the core process, and the distribution of the products under study. In particular, the inputs and outputs 

related to both specific products and manufacturing plants – where the processing and packaging phase 

takes place – have been considered. 

As for data on the agricultural phase, data on food manufacturing have been collected together with 

Conserve Italia. 

The declared unit selected is 1 kg of manufactured product (packaging included). 

Within the study, 40 different products have been considered as listed in Tables 4-31 – 4-35. Data on the 

selected products are collected according to: 

• Numbers in list order (N.), identity numbers (ID) and product names; 

• Brands and markets: two main brands have been analysed according to their sub-brands for retail 

and foreign markets (Valfrutta and Cirio) and for food service (Valfrutta Granchef and Cirio Alta 

Cucina); 

• Packaging materials (glass bottles/jars, tin plate cans, brik, PET bottles, or bag in box); 

• Selling formats and clusters. 

The bag in box solution consists of two multilayer liquid containers (bags) inside a cardboard box. 
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Table 4-31 List of analysed products (tomato) 

N. ID Product Brand Market Packaging Format 

12 03 Sieved tomatoes Valfrutta Retail Glass 700g 

13 10 Sieved tomatoes Cirio Retail Glass 700g 

14 11 Sieved tomatoes Cirio  Retail Tin plate 3x400g 

15 16 Chopped tomatoes Cirio Foreign Tin plate 4x400g 

16 17 Peeled tomatoes Cirio Foreign Tin plate 4x400g 

17 20 Sieved tomatoes Cirio Foreign Brik 500g 

18 22 Chopped tomatoes Cirio Foreign Tin plate 3kg 

19 23 Sieved tomatoes Cirio Foreign PET 540g 

20 24 Sieved tomatoes Cirio Foreign PET 540g 

21 26 Chopped tomatoes Cirio Foreign Bag in Box 2x5,5kg 

22 27 Chopped tomatoes Cirio Foreign Bag in Box 2x5kg 

23 30 Sieved tomatoes Cirio Foreign Brik 3x200g 

24 32 Sieved tomatoes Cirio Foreign Brik 1000g 

25 33 Peeled tomatoes Cirio Food Service Tin plate 3kg 

26 38 Chopped tomatoes Valfrutta Food Service Bag in Box 2x5kg 

27 19 Peeled tomatoes Cirio Foreign Tin plate 2,5kg 

28 25 Sieved tomatoes Cirio Foreign Glass 2x350g 

29 28 Sieved tomatoes Cirio Foreign Glass 700g 

30 31 Chopped tomatoes Cirio Foreign Brik 390g 

31 34 Peeled tomatoes Valfrutta Food Service Tin plate 2,5kg 

32 35 Chopped tomatoes Cirio Food Service Bag in Box 2x5kg 

33 36 Chopped tomatoes Valfrutta Food Service Bag in Box 2x5kg 

34 37 Chopped tomatoes Cirio Food Service Bag in Box 2x5kg 

35 39 Chopped tomatoes Cirio Food Service Bag in Box 2x5kg 

36 40 Sieved tomatoes Cirio Food Service Tin plate 2,5kg 

37 42 Sieved tomatoes Valfrutta Retail Glass 700gr 

38 43 Chopped tomatoes Valfrutta Retail Tin plate 3x400g 

39 48 Sieved tomatoes Cirio Retail Glass 680g 

40 49 Peeled tomatoes Cirio Retail Tin plate 400g 
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Table 4-32 List of analysed products (pea) 

N. ID Product Brand Market Packaging Format 

1 12 Medium peas Cirio Retail Tin plate 3x400g 

2 45 Small peas Valfrutta Retail Glass 370gr 

3 46 Medium peas Valfrutta Retail Tin plate 3x400g 

Table 4-33 List of analysed products (bean) 

N. ID Product Brand Market Packaging Format 

4 07 Borlotti beans Valfrutta Retail Tin plate 3x150g 

5 41 Borlotti beans Valfrutta Retail Tin plate 3x400g 

6 44 Cannellini beans Valfrutta Retail Tin plate 3x400g 

7 50 Borlotti beans Cirio Retail Glass 370g 

Table 4-34 List of analysed products (corn) 

N. ID Product Brand Market Packaging Format 

8 09 Sweet corn Valfrutta Retail Tin plate 3x160g 

9 21 Sweet corn Cirio  Foreign Tin plate 2,1kg 

Table 4-35 List of analysed products (chickpea) 

N. ID Product Brand Market Packaging Format 

10 08 Chickpeas  Valfrutta Retail Glass 370g 

11 47 Chickpeas Valfrutta Retail Tin plate 400g 

 

On the one side, despite the different products and brands considered, the manufacturing process for 

vegetables remains quite similar (Figure 4-10). 

For bean-based products, only fresh beans are used avoiding previously dried and subsequently rehydrated 

ones. The harvesting phase is handled directly by the company with special threshing machines, extensively 

tested to avoid any damage to the raw material. The beans, properly shelled, arrive in the factories to be 

sampled and selected according to their quality level. Special optical sorting machines carry out a first 

selection, which is also repeated manually after careful washing and blanching in high temperature water. 

The product is then boxed together with what is defined as a "preserving liquid", consisting of a solution of 

water and salt which allows it to be preserved even for long periods in an absolutely natural way. The cans 

or glass jars are then closed and moved on to the final sterilization stage. 

Also the harvest of peas is carried out by expert personnel with the help of special threshing machines, 

which collect and shell the pods directly in the field. The peas, already shelled, arrive in the factories to be 
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sampled and selected according to both their quality level and size, so that they can be packaged according 

to homogeneous diameters (extra-fine, very fine, fine, medium-fine and medium), which correspond to 

different consumer uses and tastes. Electronic machines perform a first sorting operation, which is followed 

by washing in running water and a new control of the product carried out manually by particularly 

experienced personnel. The blanching in high temperature water or steam cooking precedes the packaging 

in cans or glass jars: a solution of water and salt (the "preserving liquid") is added to the peas, which together 

with the final phase of steam sterilization (differentiated for the canned product and the glass one) allows 

to preserve the characteristics of the original product. 

In the case of corn, after harvesting the cobs are transported to the factory where they are first deprived of 

the leaves that wrap them and then they are shelled with special machines that preserve the entirety of the 

grains despite their extreme delicacy. The sweet corn grains are first washed in running water, then moved 

on to the first sorting phase using electronic optical reading machines, followed by the manual one with 

which the residual defective or stained grains are eliminated. Selected and carefully washed corn is canned 

with the addition of a modest amount of water, salt and a small component of sugar. The boxes are 

hermetically closed under vacuum, i.e. without air inside, and then moved on to the sterilization phase in 

large containers that carry out the so-called "steam cooking". 

Similarly, chickpea are collected when they have a humidity rate of 10-12%. The machines used for 

harvesting are the classic wheat threshers, or axial combine harvesters, on which simple changes are made, 

in order to reduce product losses in the field and above all the percentage of split product. The fresh product 

then undergoes a similar manufacturing process as other vegetables. 

 

 

Figure 4-10 Flowsheet for manufactured vegetable products. 

 

On the other side, tomato can be manufactured into three different products (Figure 4-11): sieved tomatoes, 

chopped tomatoes and peeled tomatoes. 

With regard to the production process of sieved tomato, the fresh tomatoes are finely cut and the product is 

immediately blanched to inactivate the enzymes and thus avoid the degradation of the product while 
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preserving its flavour and colour characteristics. Once this operation is completed, the shredded tomato 

passes into the purifying machines which eliminate seeds and skins and the product thus takes on a 

characteristic velvety appearance. Part of the water is allowed to evaporate in special concentrators (so 

much so that the puree can be defined as a partially concentrated tomato juice), with a minimal reduction 

of some nutritional properties, but with an increase in others (e.g. lycopene). The product is then bottled 

and pasteurized at a temperature above 85°C for a few tens of seconds. In this way, the product is stable 

and can be preserved over time without losing its original characteristics. 

Concerning chopped tomatoes production process, after the manual or automatic grading phase, the 

tomatoes are steam blanched and passed through peeling machines. The next stage sees the tomatoes cut 

into small cubes by an electronic cutter which automatically cuts the tomatoes to the correct size and rejects 

those parts which are not suitable. Any eventual impurities and residual parts which are not perfectly mature 

are discarded. Lightly concentrated tomato juice and salt are added to the chopped tomatoes which are then 

ready to be sent to the filling machine. Cans are sterilized, filled and pasteurized guaranteeing the stability 

of the product that consequently can be consumed. 

With regard to the peeled tomatoes production process, after the manual or automatic sorting phase, the 

tomato is blanched by means of a stream of steam and then passed to the peelers which remove the skins. 

Peeled tomato is ready for packaging in a box using the filling machines. The cans are then sent to the 

pasteurizers, for a process that guarantees the stability of the product, its natural conservation and, 

consequently, perfect suitability for consumption. 

 

 

Figure 4-11 Flowsheet for manufactured tomato products. 
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All products are manufactured – in different quantities – in 7 different plants located across Italy, but mainly 

in the Emilia Romagna region (Northern Italy). 

The Pomposa plant (Ferrara) is the one of greatest size and potential for the company. It has a total 

processing capacity of 350.000 tons of raw materials divided between tomatoes, fruit and vegetables from 

which purees, pulps and tomato concentrates, fruit in syrup, and legumes both canned and in glass jars are 

obtained. 

The Barbiano di Cotignola (Ravenna) and Massa Lombarda (Ravenna) plants specialize in the production 

of nectars, juices, and fruit-based drinks and the one in Alseno (Piacenza) specializes in the production of 

vegetables and sweet corn. 

The plants in Ravarino (Modena), Albinia (Grosseto) and Mesagne (Brindisi) are dedicated to tomato 

processing and are specialized by product line (sieved, pulp, concentrates and sauces). 

The transport of the cultivated product from the field to the production plants takes place by means of a 12t 

lorry. Chickpeas shows the longest travel distance with 200 km, whereas for other vegetables and tomatoes 

the average distance is 70 km. Instead, the average distance for pears is set at 50 km. 

As reported in the system boundaries (Figure 4-12), the distribution and end-of-life of primary packaging 

are included in the analysis. The distribution of the finished product takes place towards centres whose 

logistic is optimized for a specific selling area. The distribution phase is modelled considering specific data 

on transportation to an average distribution platform and then to the retail market. The products studied are 

delivered by train and by truck at an average distance of 700 km from the processing plants (Del Borghi et 

al., 2018b). Nevertheless, specific distribution data are collected for each food product and coherently 

assessed in the analysis. The end-of-life of the primary packaging materials is modelled according to the 

national scenarios for waste treatment in 2019: 

• 80.6% of the steel packaging released for consumption in Italy has been recycled (RICREA, 2019); 

• 77.3% of the glass packaging released for consumption in Italy has been recycled (COREVE, 

2019); 

• 88.4% of the cellulosic packaging released for consumption in Italy has been recovered, including 

a recycling rate of 80.8% (COMIECO, 2019); 

• 43% of the plastic packaging released for consumption in Italy has been recycled whereas 49% has 

been sent to energy recovery (COREPLA, 2019). 

The remaining percentages for each waste material set the amount sent to landfill disposal. 



86 CHAPTER 4 

 

 

Figure 4-12 System boundaries for manufactured food products. 

 

The data collected for product manufacturing are essentially primary data, deriving from reliable sources 

such as the following: 

• Product BOMs (Bill of Materials); 

• Bills and invoices; 

• Direct measurements; 

• Counters. 

These primary data have been supplemented with data calculated using models and secondary data present 

in the software databases. 

In particular, BOMs consider the inputs related to the manufacturing of a specific product in terms of 

agricultural products and other ingredients, electricity and heat consumption, and primary, secondary and 

tertiary packaging materials. Instead, consumption of auxiliary materials and waste production are collected 

at plant level. 

Data on auxiliary materials and waste production are reported in Tables 4-36 – 4-42. As BOMs define the 

amount of fresh agricultural products needed for the manufacturing of single processed food products,  plant 

data are mass allocated to single products according to the overall mass quantity of agricultural products 

entering the plants for processing (‘processed material’ declared at the top of tables). As different crops 

may have different growing and manufacturing seasons, when possible plant inputs are allocated also 

accordingly to temporal analyses. Moreover, auxiliary materials used only for specific crops (e.g. nitrogen 

is used only for tomato and fruit pre-treatments) are allocated according to processed quantities of such 

crops. No product outputs are then reported in the following tables. 
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Table 4-36 LCI of Albinia plant. 

Processed materials Value Unit 

Tomatoes  65,713 ton 

Waste materials   

Green/rotten tomatoes  3,626 ton 

By-products   

By-products intended for zootechnical use  2,070.60  ton 

Lithoid materials derived from waste 959,9 ton 

Auxiliary raw materials   

Nitrogen 23,480 kg 

Sodium hydroxide 37,530 kg 

Hydrochloric acid 90,680 kg 

Sodium chlorite 25,120 kg 

Other reagents, detergents, sanitizers 305,530 kg 

Lubricants, greases 5,745 kg 

Paints, inks 341 kg 

Fuels   

Diesel 23,084 kg 

Water   

Tap water 2,551 m3 

Well water 103,400 m3 

Wastewater   

Water discharged into surface waters (after purification plant) 272,131 m3 

Waste   

Sewage sludge 420,000 kg 

Waste (excluding sludge) destined for recycling/recovery (hazardous + non-

hazardous) 

338,330 kg 

Total hazardous waste 2,709 kg 

Waste sent for disposal (hazardous + non-hazardous) 85,198 kg 
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Table 4-37 LCI of Alseno plant. 

Processed materials Value Unit 

Beans 2,253 ton 

Peas 3,341 ton 

Corn 37,659 ton 

Rehydrated products 4,336 ton 

Special products 324 ton 

By-products   

By-products intended for zootechnical use 30,473 ton 

Auxiliary raw materials   

Sodium hydroxide 20,840 kg 

Hydrochloric acid 178,750 kg 

Sodium chlorite 49,130 kg 

Other reagents, detergents, sanitizers 15,579 kg 

Lubricants, greases 4,620 kg 

Paints, inks 900 kg 

Refrigerants 10.3 kg 

Fuels   

Diesel 8,000 kg 

Water   

Tap water 10,789 m3 

Well water 391,504 m3 

Wastewater   

Water discharged into surface waters (after purification plant) 317,837 m3 

Waste   

Sewage sludge 2,252,400 kg 

Waste (excluding sludge) destined for recycling/recovery (hazardous + non-

hazardous) 

356,315 kg 

Total hazardous waste 1,290 kg 

Waste sent for disposal (hazardous + non-hazardous) 5 kg 
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Table 4-38 LCI of Barbiano plant. 

Processed materials Value Unit 

Apricots 5,056.94 ton 

Peaches 13,731.49 ton 

Pears 10,540.33 ton 

Apples 5,856.86 ton 

By-products   

By-products for distillery 3,188 ton 

Apricot kernels 246 ton 

Peach kernels 648 ton 

Auxiliary raw materials   

Nitrogen 99,160 kg 

Sodium hydroxide 687,850 kg 

Hydrochloric acid 189,080 kg 

Sodium chlorite 8,000 kg 

Other reagents, detergents, sanitizers 188,548 kg 

Lubricants, greases 2,812 kg 

Paints, inks 1,550 kg 

Refrigerants 81 kg 

Water   

Tap water 764 m3 

Well water 667,855 m3 

Wastewater   

Water sent to an external purification plant 447,821 m3 

Waste   

Waste (excluding sludge) destined for recycling/recovery (hazardous + non-

hazardous) 

662,415 kg 

Total hazardous waste 15,890 kg 

Waste sent for disposal (hazardous + non-hazardous) 1,780 kg 
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Table 4-39 LCI of Massa Lombarda plant. 

Processed materials Value Unit 

Apricots 5,206.82 ton 

Peaches 12,880.24 ton 

Pears 5,716.65 ton 

Apples 5,666.80 ton 

By-products   

By-products for distillery 1,577 ton 

Apricot kernels 1,106 ton 

Fruit by-products 221 ton 

Peach kernels 692 ton 

Auxiliary raw materials   

Nitrogen 137,520 kg 

Sodium hydroxide 277,440 kg 

Hydrochloric acid 108,700 kg 

Other reagents, detergents, sanitizers 101,600 kg 

Lubricants, greases 1,998 kg 

Paints, inks 1,616 kg 

Refrigerants 148 kg 

Fuels   

Diesel 19,000 kg 

Water   

Tap water 368 m3 

Well water 431,660 m3 

Wastewater   

Water sent to an external purification plant 240,200 m3 

Waste   

Waste (excluding sludge) destined for recycling/recovery (hazardous + non-

hazardous) 

814,001 kg 

Total hazardous waste 4,554 kg 

Waste sent for disposal (hazardous + non-hazardous) 2,587 kg 
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Table 4-40 LCI of Mesagne plant. 

Processed materials Value Unit 

Tomatoes 58,347 ton 

By-products   

By-products used as soil improver (tomato) 2,852.16 ton 

Lithoid materials derived from waste 2505.22 ton 

Auxiliary raw materials   

Sodium hydroxide 1,915 kg 

Sodium chlorite 42,853 kg 

Other reagents, detergents, sanitizers 6,501 kg 

Lubricants, greases 2,594 kg 

Paints, inks 191 kg 

Refrigerants 4 kg 

Fuels   

Diesel 51,761 kg 

Water   

Well water 345,135 m3 

Wastewater   

Water discharged into surface waters (after purification plant) 401,599 m3 

Waste   

Sewage sludge 1,029,540 kg 

Waste (excluding sludge) destined for recycling/recovery (hazardous + non-

hazardous) 

243,945 kg 

Total hazardous waste 1,079 kg 

Waste sent for disposal (hazardous + non-hazardous) 33,849 kg 
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Table 4-41 LCI of Pomposa plant. 

Processed materials Value Unit 

Tomatoes 153,841 ton 

Beans 3,143 ton 

String beans 1,821 ton 

Peas 8,581 ton 

Rehydrated products 12,550 ton 

Apricots 172.84 ton 

Peaches 6,578.10 ton 

Pears 6,588.10 ton 

By-products   

Tomato peels 2,779.18 ton 

Peels and seeds 2,215.79 ton 

By-products used as soil improver (tomato) 1,371.42 ton 

By-products used as soil improver (other) 92.34 ton 

By-products for distillery 378 ton 

Fruit by-products 400.07 ton 

Vegetable/fruit by-products for biogas 3,154.85 ton 

Tomato by-products for biogas 181.72 ton 

Auxiliary raw materials   

Nitrogen 407,524 kg 

Sodium hydroxide 179,989 kg 

Hydrochloric acid 146,891 kg 

Sodium chlorite 26,188 kg 

Other reagents, detergents, sanitizers 251,336 kg 

Lubricants, greases 14,769 kg 

Paints, inks 864 kg 

Refrigerants 84 kg 

Fuels   

Diesel 13,000 kg 

Water   

Tap water 55,810 m3 

Canal water 2,258,324 m3 

Wastewater   

Water discharged into surface waters (after purification plant) 2,267,253 m3 

Waste   
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Sewage sludge 9,708,790 kg 

Waste (excluding sludge) destined for recycling/recovery (hazardous + non-

hazardous) 

3,153,000 kg 

Total hazardous waste 21,980 kg 

Waste sent for disposal (hazardous + non-hazardous) 1,192,939 kg 
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Table 4-42 LCI of Ravarino plant. 

Processed materials Value Unit 

Tomatoes 50.770,599 ton 

Beans 176,160 ton 

Chickpeas 1.585,517 ton 

Carrots 284,968 ton 

Various dehydrated or frozen vegetables 361,542 ton 

Pulp, rustic purées and tomato concentrate in barrels 3.944,506 ton 

Waste materials   

Inert material 3.344,102 ton 

By-products   

Tomato peels 2333,62 ton 

By-products intended for zootechnical use 22,001 ton 

Chickpea by-product intended for zootechnical use 88,406 ton 

Auxiliary raw materials   

Nitrogen 32.990 kg 

Sodium hydroxide 24.450 kg 

Hydrochloric acid 44.000 kg 

Sodium chlorite 10.190 kg 

Other reagents, detergents, sanitizers 91.890 kg 

Lubricants, greases 1.466 kg 

Paints, inks 366 kg 

Water   

Tap water 23.715 m3 

Well water 289.066 m3 

Wastewater   

Water discharged into surface waters (after purification plant) 394.300 m3 

Waste   

Sewage sludge 2.212.880 kg 

Waste (excluding sludge) destined for recycling/recovery (hazardous + non-

hazardous) 

448.908 kg 

Total hazardous waste 600 kg 

Waste sent for disposal (hazardous + non-hazardous) 243.420 kg 
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An example of BOM is reported in Tables 4-43 and 4-44. The BOM for ingredients and energy consumption 

may report an average percentage loss for some of the items. In this cases, the reported input quantity is 

increased accordingly. The recycled content in primary, secondary and tertiary packaging is modelled 

considering specific production processes from primary and secondary raw materials available in the 

databases. 

Table 4-43 Example of BOM (ingredients and energy). 

BOM index Material Quantity Unit Loss (%) 

ET.PELATI SC.3/1 CIRIO/ESTERO HG NI paper label 6 PZ 1 

FALDE 6X3/1 cardboard 1 PZ 1 

POM.PELATI SC. KG.3/1 INT.B. tinplate can+cap 6 PZ   

SCAT.3/1 155x151 POMODORO SM OT BF tinplate can 6 PZ 0.5 

COP.3/1 5/1 D.155 POM/PEL SM/D OT B tinplate cap 6 PZ 0.5 

FILM EST. CM 50 MC 17 AVV.PED. PE film 5.79 GR   

QUOTA STABILIMENTO - 18 UCQ   

ENERGIE PER SERVIZI DI STABILIMENTO - 18 UCQ   

MANODOPERA - 248.4 SEM   

POMODORO PER PELATO tomato 22.242 KG   

POMODORO PER PELATI tomato 22.242 KG   

ACIDO CITRICO IN SACCHI citric acid 8.897 GR   

METANO methane 0.984 M3   

FEM electricity 1.220.00 Wh   

INTERFALDE ONDULATO 99X118 cardboard 0.126 PZ   

COLLA ICAMELT 3914 glue 3.15 GR   

COLLA 2a OP. ICADEX A 18/D glue 1.9 GR   

FILM TERM. CM 65 MC 50 MICROFORATO PE film 35 GR   

FILM EST. CM 50 MC 17 AVV.PED. PE film 5.45 GR   

MANODOPERA - 47.1 SEM   

FILM TERM. CM 65 MC 50 MICROFORATO PE film 35 GR   

FEM electricity 115 Wh   

INTERF.GRIGIO/GRIGIO 72.5x110(gr.43 cardboard 6.938 GR   

ET.AD.BIANCA mm 110x50 (uso int.mul paper label 1 PZ   

 

 

 

 

 

 



96 CHAPTER 4 

 

Table 4-44 Example of BOM (packaging). 

BOM index Quantity Unit Material  Weight (gr) Recycled content 

Primary packaging           

SCAT.3/1 155x151 POMODORO SM OT BF 6 PZ tinplate can 189 58% 

COP.3/1 5/1 D.155 POM/PEL SM/D OT B 6 PZ tinplate cap 45 58% 

Secondary packaging           

ET.PELATI SC.3/1 CIRIO/ESTERO HG NI 6 PZ paper label 2.15 0% 

FALDE 6X3/1 1 PZ cardboard 60 100% 

COLLA ICAMELT 3914 3.15 GR glue   0% 

COLLA 2a OP. ICADEX A 18/D 1.9 GR glue   0% 

FILM TERM. CM 60 MC 50 MICROFORATO 35 GR PE film   0% 

FILM TERM. CM 65 MC 50 MICROFORATO 35 GR PE film   0% 

Tertiary packaging           

INTERF.GRIGIO/GRIGIO 72.5x110(gr.43 6.938 GR cardboard   100% 

INTERFALDE ONDULATO 99X118 0.126 PZ cardboard 442 0% 

FILM EST. CM 50 MC 17 AVV.PED. 11.24 GR PE film   0% 

ET.AD.BIANCA mm 110x50 (uso int.mul 1 PZ paper label 0.5 0% 

 

BOMs are actually generated referring to the cluster of sales. The weight of the single packaging unit is 

applied to evaluate the total weight of the cluster and then normalise data to the functional unit. 

 

Concerning the electricity consumption, all the Valfrutta products are manufactured only using wind energy 

provided through GO certificates (Guarantee of Origin). All the other brands (including Cirio) are modelled 

considering a specific mix of the self-consumed electricity from cogeneration and the residual mix of the 

supplier. Even though cogeneration is available only at Barbiano, Massa Lombarda and Pomposa, the 

assumption of applying a unique average mix at company level is made. Tables 4-45 and 4-46 report data 

on the overall energy consumption and on the supplier residual mix respectively. The residual mix has been 

calculated by the supplier subtracting from the supplier energy mix all the Guarantees of Origin for 

renewable energy guaranteed to Conserve Italia and other customers. 

Table 4-45 Electricity consumption for Conserve Italia plants (annual value for year 2019). 

Parameter Unit Value 

Total consumption kWh 83,323,833 

Self-consumed (cogeneration kWh 33,004,544 

GO certificates (Valfrutta) kWh 20,959,452 

Electricity from the grid kWh 29,359,837 
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Table 4-46 Supplier residual mix for Conserve Italia plants (year 2019). 

Parameter Unit Value 

Photovoltaic % 23.47 

Wind  % 7.84 

Hydro % 14.02 

Geothermal % 0.95 

Biomass % 0.45 

Coal % 11.23 

Natural gas % 35.17 

Oil % 0.49 

Nuclear % 3.70 

Lignite % 2.69 

4.3. LIFE CYCLE IMPACT ASSESSMENT 

The set of main impact categories was identified to pave the way for water-energy-food nexus 

quantification by means of LCA. Especially for the cultivation phase, the analysis has been mainly focused 

on four parameters that are most representative for the purpose: Carbon Footprint (CF), Water Footprint 

(WF), Ecological Footprint (EF) and Cumulative Energy Demand (CED). The impact categories considered 

are the following: 

• Carbon Footprint: the indicator of climate change [kg CO2 eq, 100 years] was considered. The GWP 

(Global Warming Potential) of a substance is given by the ratio between the contribution to the 

absorption of the hot radiation that is provided by the instantaneous release of 1 kg of this substance 

and that provided by the emission of 1 kg of CO2. The impact assessment factors are those defined 

by the IPCC (Intergovernmental Panel on Climate Change, 2014a) and reported in the CML 2001 

method. 

• Water Footprint: the Water Scarcity Footprint indicator (WSF) [m3 water eq] was considered. The 

method used is AWARE which is based on the available water remaining (AWARE) per unit of 

surface in each watershed relative to the world average, after human and aquatic ecosystem 

demands have been met (Boulay et al., 2018).  

• Ecological Footprint: the Ecological footprint method [m2yr] was used. EF is usually seen as the 

biologically productive land and water requirements of a population to produce the necessary 

consumption and to absorb part of the waste generated by fossil and nuclear fuel consumption. EF 

converts the amount of raw materials or CO2 emissions into bio-productive land and water required 

to provide the resources needed. The ecological footprint of a product is defined as the sum of time-
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integrated direct land occupation and indirect land occupation, related to nuclear energy use and to 

CO2 emissions. 

• Cumulative Energy Demand: the Cumulative Energy Demand [MJ] was used. The CED of a 

product represents the direct and indirect energy use throughout the life cycle, including energy 

consumed during the extraction, manufacturing, and disposal of the raw and auxiliary materials. In 

particular, this method considers both the contribution of non-renewable energy (fossil, nuclear and 

biomass) and renewable (wind, solar, geothermal and water) (Frischknecht et al., 2015). 
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5. RESULTS AND DISCUSSION 

After carrying out the inventory, it is necessary to attribute the consumption and emissions obtained in this 

phase to specific impact categories, referable to known environmental effects (classification), and to 

quantify, with appropriate characterization methods, the entity the overall contribution that the process 

makes to the effects considered. 

5.1. AGRICULTURAL PHASE 

5.1.1. Fertiliser production 

LCA results of fertiliser production are reported in Tables 5-1 – 5-8 according to the impact categories 

identified in paragraph 4.3. 

Complete LCA results – comprehensive of the impacts deriving from fertiliser application – according to 

the specific PCR are reported in Appendix B. 

Table 5-1 LCA results for fertiliser #1. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 547.82 68.75 30.14 646.72 

Water scarcity m3 eq 66.10 10.70 1.00 77.80 

Ecological footprint m2 yr 1,382.83 183.47 79.72 1,646.02 

Cumulative energy demand MJ 12,826.46 103.22 421.28 13,350.96 

Table 5-2 LCA results for fertiliser #2. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 605.55 72.80 30.14 708.49 

Water scarcity m3 eq 64.46 13.37 1.00 78.83 

Ecological footprint m2 yr 1,496.02 194.34 79.72 1,770.08 

Cumulative energy demand MJ 16,323.44 123.30 421.28 16,868.01 

Table 5-3 LCA results for fertiliser #3. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 348.90 67.45 30.14 446.49 

Water scarcity m3 eq 147.86 9.84 1.00 158.70 

Ecological footprint m2 yr 928.36 179.95 79.72 1,188.03 

Cumulative energy demand MJ 6,076.61 96.72 421.28 6,594.61 
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Table 5-4 LCA results for fertiliser #4. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 421.76 73.46 30.14 525.36 

Water scarcity m3 eq 63.22 13.81 1.00 78.02 

Ecological footprint m2 yr 1,054.79 196.14 79.72 1,330.65 

Cumulative energy demand MJ 10,814.09 126.61 421.28 11,361.97 

Table 5-5 LCA results for fertiliser #5. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 555.73 70.52 30.14 656.39 

Water scarcity m3 eq 83.77 11.87 1.00 96.64 

Ecological footprint m2 yr 1,385.30 188.23 79.72 1,653.24 

Cumulative energy demand MJ 14,691.44 112.00 421.28 15,224.71 

Table 5-6 LCA results for fertiliser #6. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 633.38 70.34 30.14 733.86 

Water scarcity m3 eq 111.79 11.75 1.00 124.53 

Ecological footprint m2 yr 1,602.62 187.73 79.72 1,870.08 

Cumulative energy demand MJ 14,997.21 111.09 421.28 15,529.58 

Table 5-7 LCA results for fertiliser #7. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 331.70 74.61 30.14 436.46 

Water scarcity m3 eq 68.44 14.57 1.00 84.01 

Ecological footprint m2 yr 855.40 199.23 79.72 1,134.34 

Cumulative energy demand MJ 7,246.97 132.32 421.28 7,800.56 

Table 5-8 LCA results for fertiliser #8. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 738.53 69.12 30.14 837.79 

Water scarcity m3 eq 86.22 10.94 1.00 98.16 

Ecological footprint m2 yr 1,799.56 184.45 79.72 2,063.73 

Cumulative energy demand MJ 22,083.93 105.01 421.28 22,610.22 

 

Figures 5-1 – 5-5 report the comparison between the eight fertilisers in terms of the four impact categories 

analysed divided in upstream, core and downstream processes and in percentage comparison to the 

maximum value.  
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Figure 5-1 Contribution analysis (GWP). 

 

Figure 5-2 Contribution analysis (WS). 

 

Figure 5-3 Contribution analysis (EF). 
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Figure 5-4 Contribution analysis (CED). 

 

 

Figure 5-5 Fertiliser comparison. 

 

It has to be noted how the core processes represent a minor contribution because of the simple and low 

energy-demanding production process. Neglecting the emissions deriving from fertiliser application, also 

the downstream processes have a residual contribution to the impacts. On the other hand, assessing such 

emissions, the downstream processes generate above two thirds of the total GWP in the case of fertiliser #8 

having a 31% N content (see Appendix B). The contribution of the upstream processes is instead linked to 

the different production processes of the raw materials. 

As the contribution of the core processes is minor, an actual process optimisation is difficult to pursue 

whereas an eco-design and circular economy approach in the selection of the raw materials should be 

preferable. 
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When focusing on the application emissions, the actual value of the uptake index from the crop plays a 

relevant role, but an a priori knowledge of this parameter is difficult as it may vary widely because of crop 

type, soil type, weather condition and other agronomic conditions. 

Despite the selection of a low N-content fertiliser would decrease its environmental impact, it should be 

noted that nitrogen is the most relevant nutrient for the enhancement of crop growth and yield. Therefore, 

no decisions on fertiliser selection should be made without accounting also the agricultural phase within 

the system boundaries. 

5.1.2. Crop cultivation 

Tables 5-9 – 5-14 show the results of the four indicators considered for the analysis of the WEF nexus. 

Data refer to 1 kg of agricultural product. 

Table 5-9 LCA results for 1 kg of beans. 

Impact 

category 
Unit 

Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Water Packaging Emissions Total 

Carbon 

footprint 
kg CO2 eq 0.019 0.019 0.030 0.379 0.000 0.000 0.038 0.485 

Water 

footprint 
m3 eq 0.096 0.042 0.004 0.022 17.679 0.000 0.000 17.843 

Ecological 

footprint 
m2 yr 0.036 0.051 0.084 0.994 0.000 0.001 0.000 1.166 

Energy 

demand 
MJ 1.024 0.396 0.608 5.866 0.000 0.008 0.000 7.903 

Table 5-10 LCA results for 1 kg of peas. 

Impact 

category 
Unit 

Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Water Packaging Emissions Total 

Carbon 

footprint 
kg CO2 eq 0.009 0.031 0.008 0.120 0.000 0.000 0.026 0.195 

Water 

footprint 
m3 eq 0.047 0.015 0.001 0.007 1.422 0.000 0.000 1.493 

Ecological 

footprint 
m2 yr 0.018 0.031 0.022 0.315 0.000 0.000 0.000 0.385 

Energy 

demand 
MJ 0.500 0.243 0.157 1.857 0.000 0.002 0.000 2.758 
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Table 5-11 LCA results for 1 kg of corn. 

Impact 

category 
Unit 

Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Water Packaging Emissions Total 

Carbon 

footprint 
kg CO2 eq 0.001 0.031 0.009 0.072 0.000 0.000 0.063 0.176 

Water 

footprint 
m3 eq 0.000 0.065 0.001 0.004 5.212 0.000 0.000 5.283 

Ecological 

footprint 
m2 yr 0.002 0.082 0.024 0.190 0.000 0.000 0.000 0.299 

Energy 

demand 
MJ 0.017 0.632 0.177 1.121 0.000 0.002 0.000 1.949 

Table 5-12 LCA results for 1 kg of chickpeas. 

Impact 

category 
Unit 

Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Water Packaging Emissions Total 

Carbon 

footprint 
kg CO2 eq 0.032 0.000 0.033 0.402 0.000 0.000 0.000 0.468 

Water 

footprint 
m3 eq 0.162 0.000 0.004 0.023 0.053 0.000 0.000 0.243 

Ecological 

footprint 
m2 yr 0.061 0.000 0.093 1.053 0.000 0.000 0.000 1.208 

Energy 

demand 
MJ 1.725 0.000 0.672 6.217 0.000 0.007 0.000 8.621 

Table 5-13 LCA results for 1 kg of tomatoes. 

Impact 

category 
Unit 

Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Water Packaging Emissions Total 

Carbon 

footprint 
kg CO2 eq 0.000 0.003 0.004 0.013 0.000 0.002 0.009 0.031 

Water 

footprint 
m3 eq 0.000 0.001 0.000 0.001 1.487 0.001 0.000 1.490 

Ecological 

footprint 
m2 yr 0.000 0.008 0.011 0.035 0.000 0.006 0.000 0.059 

 

As mass does not really represent the true function of agricultural products, result analysis presented below 

has to be considered as a qualitative comparison analysing differences, similarities and contributions but 

not as a complete scientific basis for supporting decisions and strategies concerning different crops. 

As far as CF is concerned (Figure 5-6), it can be seen that the bean is the crop with the most significant 

impact (0.485 kg CO2 eq). This result is due to the low yield (3.17 t/ha) compared to other crops analysed 

(5.82 t/ha for the pea, 14.44 t/ha for the sweet corn and 80.97 t/ha for the tomato). The main contribution 
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is the consumption and combustion of diesel (78.1%), as the consumption value per hectare is also the 

highest one among the six crops. Despite having no use of fertilisers – and consequently no related 

emissions – similar results are obtained for the chickpea (0.468 kg CO2 eq) as, due to the very low crop 

yield (1.41 t/ha), it presents the highest diesel consumption per mass unit (86% of the total impact). 

On the other hand, as a result of the very high yield, tomato results in being the least impactful crop, with 

a carbon footprint of 0.031 kg CO2 eq/kg. 

As can be seen in Figure 5-6 and in Table 5-14, diesel consumption is usually the most impactful 

contribution to the environment also for the other crops, with percentages equal to 41.2% for corn, 43.3% 

for tomatoes, and 61.7% for peas. 

The combination of fertiliser production and emissions represent the other key parameter for the carbon 

footprint, reaching up to 53.2% of the total impact in the case of corn. 

Chemical treatments account for less than 15% compared to the total amount of CO2 eq/kg, in particular, 

the highest percentage is for tomatoes (12.5%) while the lowest percentage for peas (4%). 

Seed production accounts for less than 7% (e.g. 4% for beans, 4.8% for peas and 6.9% for chickpeas). 

Polyethylene packaging has a small contribution (<1%) for all the crops apart from tomato (7.3%) due to 

the plastic crates used in the growth of seedlings. 

 

Figure 5-6 CF results for the analysed crops. 
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Table 5-14 Percentage contribution (carbon footprint). 

  
Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Electricity Water Packaging Emissions 

Bean 4.0% 4.0% 6.2% 78.1% 0.0% 0.0% 0.0% 7.7% 

Pea 4.8% 16.0% 4.0% 61.7% 0.0% 0.0% 0.0% 13.5% 

Corn 0.5% 17.5% 5.0% 41.2% 0.0% 0.0% 0.0% 35.7% 

Chickpea 6.9% 0.0% 7.1% 86.0% 0.0% 0.0% 0.0% 0.0% 

Tomato 0.0% 8.3% 12.5% 43.3% 0.0% 0.0% 7.3% 28.5% 

 

In Figure 5-7 and Table 5-15 it can be observed, as expected, that for the WF indicator the main contribution 

(greater than 90%) is given by the quantity of water irrigated. In particular, WF values for the different 

crops are: 17.843 m3 water eq/kg of bean, 1.493 m3 water eq/kg of pea, 5.283 m3 water eq/kg of corn, and 

1.490 m3 water eq/kg of tomato. As no irrigation is needed, the only exception is represented by chickpea, 

with a WF value of 0.243 m3 water eq/kg. 

The irrigation impact corresponds to 99.1% for beans, 95.3% for peas, 98.7% for corn, and 99.8% for 

tomatoes. For bean and tomato the other contributions are less than 1%, while in the case of pea the 

production of seeds (respectively 3.1% and 2.6%) are higher than this value and for corn the production of 

fertilizers (1.2%). 

In the case of chickpea, 66.9% of the impact is related to seed production and 21.9% to the actual water 

irrigated for the sole scope of pesticide application. 

The considerably higher WF value for the bean is due to the very high quantity of water irrigated. In fact, 

from the data of the cultivation phase, it can be deduced that the quantity necessary for the production of 1 

ton of beans is equal to 393.58 m3, while that necessary to produce the same quantity of the other crops is 

much lower (116.11 m3 for sweet corn, about 30 m3 for the pea and tomato and even 1.19 m3 for chickpea). 
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Figure 5-7 WS results for the analysed crops. 

Table 5-15 Percentage contribution (water footprint). 

  
Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Electricity Water Packaging Emissions 

Bean 0.5% 0.2% 0.0% 0.1% 0.0% 99.1% 0.0% 0.0% 

Pea 3.1% 1.0% 0.1% 0.5% 0.0% 95.3% 0.0% 0.0% 

Corn 0.0% 1.2% 0.0% 0.1% 0.0% 98.7% 0.0% 0.0% 

Chickpea 66.9% 0.0% 1.8% 9.4% 0.0% 21.9% 0.0% 0.0% 

Tomato 0.0% 0.1% 0.0% 0.1% 0.0% 99.8% 0.0% 0.0% 

 

As regards the EF indicator (Figure 5-8 and Table 5-16), in analogy with the Carbon Footprint, the greatest 

contribution is that relative to the use of fuel by agricultural machinery. In particular, for the analysed crops 

the EF value is equal to: 1.208 m2yr/kg of chickpea, 1.166 m2yr/kg of bean, 0.385 m2yr/kg of pea, 0.299 

m2yr/kg of sweet corn and 0.059 m2yr/kg of tomato. In percentages, diesel consumption contributes 

respectively 87.2% for chickpea, 85.2% for bean, 81.6% for pea, 63.6% for sweet corn and 58.8% for 

tomato. 

As for the carbon footprint, also in this case bean and chickpea have greater impacts than the other crops, 

since a higher quantity of diesel is consumed to produce 1 t of product. In fact, if to produce 1 t of bean and 

chickpea it is necessary to consume 130.79 l and 139.07 l of diesel, the consumption for pea, sweet corn 

and tomato is respectively equal to 41.43 l, 25,00 l and 4.58 l. 

Fertiliser production contributes up to 27.6% for corn and 13.1% for tomato, whereas chemical treatments 

account for 18.3% for tomato and below 10% for all the other crops. 
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Both seed/seedling production and packaging production have low contributions, except for tomato in the 

second case (9.8%). 

 

Figure 5-8 EF results for the analysed crops. 

Table 5-16 Percentage contribution (ecological footprint). 

  
Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Electricity Water Packaging Emissions 

Bean 3.1% 4.4% 7.2% 85.2% 0.0% 0.0% 0.0% 0.0% 

Pea 4.6% 8.1% 5.6% 81.6% 0.0% 0.0% 0.0% 0.0% 

Corn 0.6% 27.6% 8.2% 63.6% 0.0% 0.0% 0.1% 0.0% 

Chickpea 5.1% 0.0% 7.7% 87.2% 0.0% 0.0% 0.0% 0.0% 

Tomato 0.0% 13.1% 18.3% 58.8% 0.0% 0.0% 9.8% 0.0% 

 

As regards the energy demand (Figure 5-9 and Table 5-17), the total values are 8.621 MJ/kg of chickpea, 

7.903 MJ/kg of bean, 2.758 MJ/kg of pea, 1.949 MJ/kg of sweet corn and 0.420 MJ/kg of tomato. Also in 

this case, diesel consumption is responsible for the greatest impact. The second category with the highest 

influence is that of fertilizer production. Depending on the crop, relevant impacts are also related to 

seed/seedling production, fertiliser production and pesticide production. In the case of tomato, also 

packaging production has a relevant impact (20.7%). 
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Figure 5-9 CED results for the analysed crops. 

Table 5-17 Percentage contribution (cumulative energy demand). 

  
Seeds or 

seedlings 
Fertilisers 

Chemical 

treatments 
Diesel Electricity Water Packaging Emissions 

Bean 13.0% 5.0% 7.7% 74.2% 0.0% 0.0% 0.1% 0.0% 

Pea 18.1% 8.8% 5.7% 67.3% 0.0% 0.0% 0.1% 0.0% 

Corn 0.9% 32.4% 9.1% 57.5% 0.0% 0.0% 0.1% 0.0% 

Chickpea 20.0% 0.0% 7.8% 72.1% 0.0% 0.0% 0.1% 0.0% 

Tomato 0.0% 11.8% 18.6% 48.9% 0.0% 0.0% 20.7% 0.0% 

5.1.3. Food packaging 

Tables 5-18 and 5-19 report the results in terms of environmental impacts selected. The results are presented 

both in terms of the contributions of the individual phases and in terms of the total impact of the products 

analysed. 

Complete LCA results according to the specific PCR are reported in Appendix C. 

Despite being made of both veneer and plywood, the second type of the analysed crates is here referred to 

as ‘plywood crate’ for simplicity. 
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Table 5-18 LCA results (one veneer crate of 30-litre volume). 

Impact category Unit Raw materials Transportation 
Crate 

production 
Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.11 0.04 0.04 0.01 0.05 0.25 

Water scarcity m3 eq 0.02 0.00 0.01 0.00 0.00 0.03 

Ecological footprint m2 yr 0.64 0.11 0.08 0.03 0.02 0.88 

Cumulative energy 

demand 
MJ 1.51 0.64 0.54 0.16 0.13 2.97 

Table 5-19 LCA results (one plywood crate of 30-litre volume). 

Impact category Unit Raw materials Transportation 
Crate 

production 
Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.10 0.04 0.04 0.01 0.05 0.23 

Water scarcity m3 eq 0.04 0.00 0.01 0.00 0.00 0.05 

Ecological footprint m2 yr 0.56 0.09 0.08 0.02 0.02 0.78 

Cumulative energy 

demand 
MJ 1.82 0.55 0.54 0.13 0.11 3.15 

 

The comparison of the results for the environmental impact categories reported in Figure 5-10, clearly 

shows how both crate types have similar impact. 

The veneer crate shows higher impacts in terms of GWP and abiotic depletion and fossil fuels mainly due 

to the higher amount of raw materials needed (700 grams versus 600 grams for the plywood crate) which 

leads not only to more production processes for raw materials but also to more transportation and end-of-

life treatments per unit of crate. Still, the impacts of the plywood crate in the same impact categories 

maintain only at about 10% below the veneer crate. 

On the other hand, the plywood crate present higher impacts in terms of acidification, eutrophication and 

photochemical oxidant formation as plywood production more impactful raw materials rather than veneer 

production. Similarly, the veneer crate present impact only 10%-15% lower. 

Only concerning water scarcity, the two crates show considerably different results – with the plywood crate 

almost twice the veneer crate – as plywood production resulted the only manufacturing process requiring 

direct water consumption.  
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Figure 5-10 Comparison of veneer and plywood crates. 

 

Considering the difference in the functional unit and therefore in crate weights, the results are in line with 

the ones derived from a previous data collection and presented in a previously published paper (Del Borghi 

et al., 2021). The new results confirm how the production process of wood crates have a better 

environmental performance with respect to plastic crates in terms of manufacturing of a single crate. 

Nevertheless, despite wood crates are commonly recovered for domestic use and fulfil different purposes, 

the current legislation – but also the common behaviours in handling such crates – forbid the reuse of wood 

crates as food packaging due to food safety guidelines. 

Therefore, even though the mechanical properties and requirements are maintained after the use, no reuse 

rate can be accounted for wood crates. 

Consequently, if the actual number of crate reuses is accounted within the functional unit and system 

boundaries, the comparison of wood crates with plastic crates may become unfavourable in case a sufficient 

number of reuses is guaranteed to the plastic ones. 

5.1.4. Recycling of food waste 

A “cradle-to-gate” LCA analysis was performed for the four scenarios in order to evaluate the potential 

contributions to the four selected impact categories. Tables 5-20 – 5-23 report the results for the four 

scenarios. 
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Table 5-20 LCA results for 1 kg of biopolymer (scenario 1). 

Impact category Unit Pulping Hydrolysis Casting Thermoforming Total 

GWP kg CO2 eq 0.20 1.60 0.00 0.02 1.82 

CED MJ 4.14 43.72 0.00 0.41 48.27 

WS m3 eq 0.12 3.22 0.00 0.01 3.35 

EF m2 yr 0.58 4.97 0.00 0.06 5.61 

Table 5-21 LCA results for 1 kg of biopolymer (scenario 2). 

Impact 

category 
Unit Pulping Hydrolysis Dialysis Casting Thermoforming Total 

GWP kg CO2 eq 0.20 3.03 0.94 0.00 0.02 4.18 

CED MJ 4.14 73.97 15.47 0.00 0.41 93.99 

WS m3 eq 0.12 4.03 49.06 0.00 0.01 53.22 

EF m2 yr 0.58 10.91 2.46 0.00 0.06 13.95 

Table 5-22 LCA results for 1 kg of biopolymer (scenario 3). 

Impact category Unit 
Transport 

and pulping 
Hydrolysis Casting Thermoforming Total 

GWP kg CO2 eq 2.00 1.61 0.00 0.02 3.63 

CED MJ 31.40 43.78 0.00 0.41 75.59 

WS m3 eq 0.11 3.43 0.00 0.01 3.55 

EF m2 yr 5.32 4.98 0.00 0.06 10.35 

Table 5-23 LCA results for 1 kg of biopolymer  (scenario 4). 

Impact 

category 
Unit 

Transport 

and pulping 
Hydrolysis Dialysis Casting Thermoforming Total 

GWP kg CO2 eq 2.00 3.03 0.94 0.00 0.02 6.00 

CED MJ 31.40 74.06 15.47 0.00 0.41 121.35 

WS m3 eq 0.11 4.36 49.06 0.00 0.01 53.54 

EF m2 yr 5.32 10.93 2.46 0.00 0.06 18.70 

 

In the case of the Scenario 1 (Table 5-20) the obtained results show that for all four indicators considered, 

the hydrolysis step is the most impactful. This is due to the fact that for this step more materials are used 

than in the others (in particular, the use of formic acid is quite impactful) and there is a higher energy 

consumption due to the amount of working time of the hotplate. The pulping step is less impactful but still 

worth to be considered: in this step there is no material input but energy consumption for blending is still 

significant. It should also be considered that the casting step has no impact whatsoever, as no input material 

is used, and no energy is used either. Finally, the thermoforming step – which allows to obtain the 

biopolymer of the desired shape – has a low impact as it makes a negligible use of electricity.  It can be 
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noted that considering the Water Scarcity as an indicator, the impact of the hydrolysis step is more marked 

than for the other indicators: this is due to the fact that in that step about 10 kg of water are used whereas 

no direct water use is made in the other steps. 

In the case of the Scenario 3, the only step that differs from those presented for Scenario 1 is the first one. 

While for Scenario 1 the powder is produced directly in the IIT labs, for Scenario 3 the production takes 

place in an external company that generates carrot pomace waste and sends the powder to the IIT labs. 

Transport has a major impact: in fact, it can be seen that for GWP, the most impactful step is the transport 

and pulping one. Hydrolysis continues to have a major impact on water and energy consumption, also as 

the water content provided by fresh vegetables has to be replaced with an additional water consumption (20 

kg instead of 10 kg). 

Scenarios 2 and 4 foresee the substitution of formic acid with hydrochloric acid for the hydrolysis step and 

the addition of a dialysis step. The use of hydrochloric acid leads to an increased water consumption in the 

hydrolysis step. Moreover, as an additional dialysis step is required, both water and energy consumption 

significantly increase. As a results, both Scenarios 2 and 4 show worse performances than the related 

Scenarios 1 and 3 respectively. 

The comparison of the four scenarios is summarized in Table 5-24. 

Table 5-24 Comparison of the analysed scenarios. 

Impact category Unit Scenario 1 Scenario 2 Scenario 3 Scenario 4 

GWP kg CO2 eq 1.82 4.18 3.63 6.00 

CED MJ 48.27 93.99 75.59 121.35 

WS m3 eq 3.35 53.22 3.55 53.54 

EF m2 yr 5.61 13.95 10.35 18.70 

 

The comparison of the four scenarios shows that: 

• In terms of GWP, Scenario 1 is the least impactful and is followed by Scenario 3, which is more 

impactful than the first one due to the transport of the vegetable powder from abroad, and Scenario 

2, which is more impactful due to the use of concentrated HCl that does not allow a controlled 

hydrolysis and consequently requires an additional dialysis step and a large amount of water. 

• In terms of CED, Scenario 1 is again the least impactful of the four considered, while Scenarios 2, 

3 and 4 present more similar values of total MJ. 

• In terms of WS, the results are reversed as Scenario 1 and 3 present a similar value whereas 

Scenario 2 and 4 presents much higher values, due to the dialysis step which makes heavy use of 

water. 
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• In terms of EF, the considerations are in line with GWP as the indirect land occupation related to 

the soil required for the uptake of CO2 emissions prevails as an impact. 

Results summarized in Table 5-24 clarifies that the best scenario, the one with the least impact among the 

four presented and elaborated in the IIT labs, is Scenario 1.Finally, Scenario 1 was compared to other 

biopolymers and to petroleum-based plastics being used for the production of primary packaging often used 

for food packaging: HDPE, PET, PLA, and starch biopolymer. The assessment of other plastic and bio-

plastic materials was based on the average data present in the Ecoinvent database (Ecoinvent Centre, 2013). 

In order to perform this comparison, process data of Scenario 1 was scaled up to industrial level. Material 

inputs were kept equal to the lab-scale process whereas a reduction in the energy consumption up to 25% 

was applied to test the potential opportunities for a scale-up. 

Results are summarized in Figure 5-11. 

 

 

Figure 5-11 Comparison of different composite and bio-composite materials (1 kg of plastic film). 
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Results showed that: 

• Scenario 1 is winning over all four traditional plastics both in terms of GWP and EF, especially if 

compared to PET and PLA; 

• Scenario 1 is winning over PET and HDPE according to Cumulative Energy Demand, and also 

over starch biopolymer if a 20% reduction in energy consumption is obtained;  

• Scenario 1 is winning only over PLA according to Water Scarcity. 

The research, at this stage, is useful and can be used at company level as an indication of the production 

areas on which to focus attention and on which to intervene to improve the environmental performance. 

In addition to uncertainty about the end of life of the alveolus, the research still needs a more in-depth 

analysis about the quantities of vegetable waste to be used, also considering the quantities of water that 

vary from vegetable to vegetable in different seasonality. It’s necessary also to determine if there is safety 

between food packaging and vegetables as food packaging made with biopolymers must not only meet all 

criteria related to the "food" system (barrier, mechanical, optical, chemical, thermal, or other properties), 

but must also adapt to current legislation, especially in terms of food interactions. Despite all these 

limitations, the performed analysis confirms that engineering bio-based macromolecules discarded from 

the food value chain as by-products or underutilized biomass could be a first step of circular economy 

application representing an opportunity to provide new materials that can replace fossil fuel-based linear 

plastic systems. 

5.2. MANUFACTURING PHASE 

5.2.1. Food manufacturing and distribution 

LCA results for manufactured food products are reported with reference to 1 kg of products. 

Tables 5-25 – 5-53 report the results for all the tomato-based products. 

Tables 5-54 – 5-64 report the results for products based on vegetables (pea, bean, corn, chickpea). 

The life cycle is divided in 5 different phases: 

• Crop cultivation and production of other ingredients; 

• Production of primary, secondary and tertiary packaging; 

• Transport of raw materials and manufacturing (core) processes; 

• Distribution of the final product; 

• End of life of primary packaging. 

Complete LCA results according to the specific PCR are reported in Appendix D. 
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Table 5-25 LCA results (Product ID 3). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.078 0.482 0.362 0.085 0.000 1.008 

Water scarcity m3 eq 3.072 0.167 0.062 0.006 0.000 3.307 

Ecological footprint m2 yr 0.170 1.437 0.935 0.240 0.001 2.782 

Cumulative energy 

demand 
MJ 0.987 8.048 6.732 1.395 0.004 17.167 

Table 5-26 LCA results (Product ID 10). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.082 0.599 0.454 0.074 0.000 1.209 

Water scarcity m3 eq 3.360 0.197 0.093 0.005 0.000 3.655 

Ecological footprint m2 yr 0.175 1.929 1.164 0.221 0.001 3.489 

Cumulative energy 

demand 
MJ 1.014 11.546 7.545 1.280 0.004 21.389 

Table 5-27 LCA results (Product ID 11). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.048 0.714 0.600 0.079 0.000 1.441 

Water scarcity m3 eq 2.038 0.196 0.059 0.004 0.000 2.296 

Ecological footprint m2 yr 0.100 2.061 1.540 0.219 0.000 3.919 

Cumulative energy 

demand 
MJ 0.576 11.643 10.476 1.278 0.001 23.974 

Table 5-28 LCA results (Product ID 16). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.053 0.701 0.344 0.233 0.000 1.332 

Water scarcity m3 eq 2.174 0.192 0.036 0.007 0.000 2.409 

Ecological footprint m2 yr 0.113 2.007 0.881 0.618 0.000 3.619 

Cumulative energy 

demand 
MJ 0.655 11.256 5.873 3.631 0.001 21.416 

Table 5-29 LCA results (Product ID 17). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.045 0.697 0.291 0.233 0.000 1.268 

Water scarcity m3 eq 2.008 0.191 -0.010 0.007 0.000 2.196 

Ecological footprint m2 yr 0.093 1.987 0.748 0.618 0.000 3.446 

Cumulative energy 

demand 
MJ 0.544 11.108 5.115 3.631 0.001 20.399 
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Table 5-30 LCA results (Product ID 20). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.079 0.112 0.543 0.212 0.010 0.957 

Water scarcity m3 eq 3.253 0.043 0.057 0.006 0.000 3.360 

Ecological footprint m2 yr 0.168 0.683 1.389 0.561 0.011 2.813 

Cumulative energy 

demand 
MJ 0.982 4.888 9.176 3.299 0.002 18.347 

Table 5-31 LCA results (Product ID 22). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.054 0.517 0.350 0.226 0.000 1.146 

Water scarcity m3 eq 2.175 0.138 0.056 0.007 0.000 2.377 

Ecological footprint m2 yr 0.116 1.448 0.896 0.597 0.000 3.057 

Cumulative energy 

demand 
MJ 0.669 7.996 5.940 3.512 0.001 18.118 

Table 5-32 LCA results (Product ID 23). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.078 0.198 0.473 0.214 0.055 1.019 

Water scarcity m3 eq 3.279 0.086 0.057 0.006 0.003 3.431 

Ecological footprint m2 yr 0.166 0.637 1.210 0.566 0.145 2.722 

Cumulative energy 

demand 
MJ 0.959 5.145 7.914 3.326 0.012 17.356 

Table 5-33 LCA results (Product ID 24). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.076 0.198 0.436 0.214 0.055 0.979 

Water scarcity m3 eq 2.948 0.086 0.051 0.006 0.003 3.095 

Ecological footprint m2 yr 0.166 0.637 1.114 0.566 0.145 2.627 

Cumulative energy 

demand 
MJ 1.042 5.145 7.293 3.326 0.012 16.818 

Table 5-34 LCA results (Product ID 26). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.090 0.067 0.531 0.212 0.017 0.916 

Water scarcity m3 eq 3.250 0.018 0.094 0.006 0.001 3.369 

Ecological footprint m2 yr 0.204 0.220 1.356 0.561 0.030 2.371 

Cumulative energy 

demand 
MJ 1.328 1.059 8.894 3.300 0.003 14.584 
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Table 5-35 LCA results (Product ID 27). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.072 0.482 0.213 0.018 0.845 

Water scarcity m3 eq 2.561 0.022 0.004 0.006 0.001 2.594 

Ecological footprint m2 yr 0.129 0.239 1.228 0.563 0.033 2.194 

Cumulative energy 

demand 
MJ 0.767 1.262 8.348 3.312 0.003 13.692 

Table 5-36 LCA results (Product ID 30). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.079 0.140 0.478 0.218 0.008 0.922 

Water scarcity m3 eq 3.253 0.052 0.054 0.006 0.000 3.366 

Ecological footprint m2 yr 0.169 0.881 1.223 0.577 0.000 2.849 

Cumulative energy 

demand 
MJ 0.983 6.448 8.037 3.391 0.001 18.859 

Table 5-37 LCA results (Product ID 32). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.080 0.100 0.502 0.212 0.010 0.904 

Water scarcity m3 eq 3.318 0.035 0.054 0.006 0.000 3.414 

Ecological footprint m2 yr 0.172 0.635 1.287 0.560 0.012 2.667 

Cumulative energy 

demand 
MJ 1.002 4.495 8.510 3.293 0.002 17.301 

Table 5-38 LCA results (Product ID 33). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.050 0.543 0.277 0.066 0.000 0.936 

Water scarcity m3 eq 2.218 0.149 -0.012 0.004 0.000 2.359 

Ecological footprint m2 yr 0.103 1.535 0.710 0.187 0.000 2.534 

Cumulative energy 

demand 
MJ 0.600 8.564 4.843 1.090 0.001 15.097 

Table 5-39 LCA results (Product ID 38). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.046 0.061 0.238 0.065 0.018 0.428 

Water scarcity m3 eq 1.972 0.017 0.052 0.004 0.001 2.045 

Ecological footprint m2 yr 0.096 0.210 0.613 0.185 0.033 1.137 

Cumulative energy 

demand 
MJ 0.553 1.107 4.607 1.081 0.003 7.351 
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Table 5-40 LCA results (Product ID 19). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.050 0.529 0.277 0.229 0.000 1.084 

Water scarcity m3 eq 2.218 0.143 -0.012 0.007 0.000 2.356 

Ecological footprint m2 yr 0.103 1.484 0.710 0.605 0.000 2.902 

Cumulative energy 

demand 
MJ 0.600 8.234 4.842 3.557 0.001 17.234 

Table 5-41 LCA results (Product ID 25). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.080 0.704 0.791 0.355 0.000 1.930 

Water scarcity m3 eq 2.920 0.237 0.061 0.011 0.000 3.229 

Ecological footprint m2 yr 0.178 2.103 2.026 0.941 0.001 5.249 

Cumulative energy 

demand 
MJ 1.034 11.847 13.869 5.530 0.005 32.285 

Table 5-42 LCA results (Product ID 28). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.074 0.482 0.461 0.264 0.000 1.281 

Water scarcity m3 eq 3.011 0.163 0.084 0.008 0.000 3.266 

Ecological footprint m2 yr 0.159 1.424 1.183 0.698 0.001 3.465 

Cumulative energy 

demand 
MJ 0.921 7.927 7.750 4.107 0.004 20.710 

Table 5-43 LCA results (Product ID 31). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.079 0.118 0.285 0.202 0.008 0.691 

Water scarcity m3 eq 2.753 0.043 0.011 0.006 0.000 2.813 

Ecological footprint m2 yr 0.179 0.791 0.730 0.536 0.000 2.236 

Cumulative energy 

demand 
MJ 1.192 5.710 4.735 3.150 0.001 14.789 

Table 5-44 LCA results (Product ID 34). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.050 0.543 0.216 0.037 0.000 0.847 

Water scarcity m3 eq 2.218 0.149 -0.016 0.002 0.000 2.353 

Ecological footprint m2 yr 0.103 1.535 0.559 0.105 0.000 2.302 

Cumulative energy 

demand 
MJ 0.600 8.564 4.182 0.614 0.001 13.960 
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Table 5-45 LCA results (Product ID 35). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.075 0.463 0.034 0.018 0.651 

Water scarcity m3 eq 2.571 0.023 -0.006 0.003 0.001 2.593 

Ecological footprint m2 yr 0.130 0.248 1.183 0.105 0.033 1.698 

Cumulative energy 

demand 
MJ 0.770 1.378 8.075 0.604 0.003 10.830 

Table 5-46 LCA results (Product ID 36). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.071 0.302 0.038 0.018 0.491 

Water scarcity m3 eq 2.572 0.022 -0.018 0.003 0.001 2.580 

Ecological footprint m2 yr 0.130 0.239 0.780 0.118 0.033 1.299 

Cumulative energy 

demand 
MJ 0.770 1.301 6.316 0.682 0.003 9.072 

Table 5-47 LCA results (Product ID 37). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.046 0.062 0.345 0.038 0.018 0.509 

Water scarcity m3 eq 1.972 0.017 0.059 0.003 0.001 2.052 

Ecological footprint m2 yr 0.096 0.211 0.881 0.115 0.033 1.337 

Cumulative energy 

demand 
MJ 0.553 1.111 5.785 0.665 0.003 8.119 

Table 5-48 LCA results (Product ID 39). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.075 0.423 0.037 0.018 0.614 

Water scarcity m3 eq 2.573 0.023 -0.007 0.003 0.001 2.593 

Ecological footprint m2 yr 0.130 0.249 1.079 0.111 0.033 1.601 

Cumulative energy 

demand 
MJ 0.771 1.383 7.342 0.645 0.003 10.145 

Table 5-49 LCA results (Product ID 40). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.071 0.539 0.385 0.033 0.000 1.028 

Water scarcity m3 eq 2.967 0.147 0.084 0.002 0.000 3.199 

Ecological footprint m2 yr 0.151 1.522 0.985 0.093 0.000 2.753 

Cumulative energy 

demand 
MJ 0.880 8.460 6.362 0.546 0.001 16.249 
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Table 5-50 LCA results (Product ID 42). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.082 0.484 0.361 0.047 0.000 0.974 

Water scarcity m3 eq 3.328 0.165 0.086 0.004 0.000 3.583 

Ecological footprint m2 yr 0.176 1.434 0.931 0.134 0.001 2.675 

Cumulative energy 

demand 
MJ 1.027 8.005 6.395 0.779 0.004 16.210 

Table 5-51 LCA results (Product ID 43). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.054 0.708 0.292 0.062 0.000 1.116 

Water scarcity m3 eq 2.256 0.194 0.059 0.004 0.000 2.512 

Ecological footprint m2 yr 0.116 2.033 0.753 0.178 0.000 3.080 

Cumulative energy 

demand 
MJ 0.673 11.441 5.307 1.036 0.001 18.458 

Table 5-52 LCA results (Product ID 48). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.075 0.497 0.433 0.049 0.000 1.054 

Water scarcity m3 eq 3.119 0.168 0.087 0.001 0.000 3.375 

Ecological footprint m2 yr 0.159 1.467 1.110 0.130 0.001 2.867 

Cumulative energy 

demand 
MJ 0.925 8.165 7.245 0.767 0.004 17.106 

Table 5-53 LCA results (Product ID 49). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.045 0.687 0.299 0.035 0.000 1.067 

Water scarcity m3 eq 2.008 0.187 -0.009 0.002 0.000 2.188 

Ecological footprint m2 yr 0.093 1.938 0.766 0.101 0.000 2.899 

Cumulative energy 

demand 
MJ 0.544 10.727 5.237 0.589 0.001 17.098 

Table 5-54 LCA results (Product ID 12). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.145 0.690 0.289 0.041 0.000 1.165 

Water scarcity m3 eq 1.098 0.189 0.036 0.001 0.000 1.324 

Ecological footprint m2 yr 0.289 1.984 0.740 0.109 0.000 3.122 

Cumulative energy 

demand 
MJ 2.057 11.168 4.926 0.640 0.001 18.791 
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Table 5-55 LCA results (Product ID 45). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.151 0.751 0.215 0.053 0.056 1.225 

Water scarcity m3 eq 1.108 0.249 0.030 0.004 0.004 1.395 

Ecological footprint m2 yr 0.310 2.208 0.556 0.159 0.162 3.396 

Cumulative energy 

demand 
MJ 2.373 12.226 4.099 0.919 0.942 20.560 

Table 5-56 LCA results (Product ID 46). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.153 0.826 0.207 0.029 0.000 1.215 

Water scarcity m3 eq 1.127 0.224 0.030 0.002 0.000 1.383 

Ecological footprint m2 yr 0.316 2.361 0.536 0.084 0.000 3.297 

Cumulative energy 

demand 
MJ 2.419 13.211 4.048 0.490 0.001 20.169 

Table 5-57 LCA results (Product ID 7). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.209 1.311 0.297 0.097 0.000 1.915 

Water scarcity m3 eq 7.512 0.358 0.302 0.004 0.000 8.176 

Ecological footprint m2 yr 0.508 3.748 0.767 0.262 0.000 5.285 

Cumulative energy 

demand 
MJ 3.423 21.031 5.981 1.539 0.002 31.976 

Table 5-58 LCA results (Product ID 41). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.128 0.843 0.194 0.033 0.000 1.199 

Water scarcity m3 eq 4.596 0.227 0.310 0.002 0.000 5.135 

Ecological footprint m2 yr 0.311 2.410 0.503 0.095 0.000 3.319 

Cumulative energy 

demand 
MJ 2.091 13.456 3.863 0.556 0.001 19.967 

Table 5-59 LCA results (Product ID 44). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.111 0.804 0.192 0.035 0.000 1.143 

Water scarcity m3 eq 3.916 0.218 0.336 0.002 0.000 4.472 

Ecological footprint m2 yr 0.267 2.299 0.499 0.102 0.000 3.167 

Cumulative energy 

demand 
MJ 1.800 12.868 3.814 0.591 0.001 19.074 
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Table 5-60 LCA results (Product ID 50). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.133 0.756 0.305 0.061 0.000 1.256 

Water scarcity m3 eq 4.756 0.252 0.196 0.005 0.000 5.209 

Ecological footprint m2 yr 0.325 2.233 0.780 0.184 0.001 3.523 

Cumulative energy 

demand 
MJ 2.187 12.421 5.372 1.065 0.006 21.051 

Table 5-61 LCA results (Product ID 9). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.461 1.231 0.254 0.077 0.000 2.023 

Water scarcity m3 eq 13.425 0.336 0.079 0.004 0.000 13.844 

Ecological footprint m2 yr 0.810 3.520 0.656 0.218 0.000 5.203 

Cumulative energy 

demand 
MJ 5.259 19.763 5.418 1.272 0.002 31.713 

Table 5-62 LCA results (Product ID 21). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.445 0.707 0.319 0.230 0.000 1.701 

Water scarcity m3 eq 12.966 0.190 0.084 0.007 0.000 13.247 

Ecological footprint m2 yr 0.782 1.988 0.814 0.609 0.000 4.193 

Cumulative energy 

demand 
MJ 5.079 10.987 5.521 3.579 0.001 25.167 

Table 5-63 LCA results (Product ID 8). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.140 1.064 0.209 0.113 0.001 1.526 

Water scarcity m3 eq 0.088 0.344 0.012 0.007 0.000 0.452 

Ecological footprint m2 yr 0.360 3.105 0.540 0.326 0.002 4.332 

Cumulative energy 

demand 
MJ 2.553 17.081 3.932 1.900 0.008 25.474 

Table 5-64 LCA results (Product ID 47). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.125 0.834 0.193 0.037 0.000 1.189 

Water scarcity m3 eq 0.081 0.227 0.011 0.003 0.000 0.322 

Ecological footprint m2 yr 0.321 2.359 0.499 0.111 0.000 3.289 

Cumulative energy 

demand 
MJ 2.275 13.104 3.813 0.641 0.001 19.834 
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As different products present similar recipes (according to BOMs) and therefore similar results, only few 

products among the analysed ones (26 out of 40)  have been selected in order to highlight the relevance of 

the following parameters: 

• type of manufacturing process (especially concerning sieved, chopped and peeled tomato); 

• packaging material; 

• brand (as different electrical mixes are used in the core processes); 

• Format size. 

The selected products for tomato and for vegetables are summarised in Tables 5-65 and 5-66 respectively. 

Table 5-65 Tomato products selected for result comparison. 

ID Product Brand Packaging Format 

16 Chopped tomatoes Cirio Tin plate 6x4x400g 

22 Chopped tomatoes Cirio Tin plate 6x3kg 

27 Chopped tomatoes Cirio Bag in Box 2x5kg 

38 Chopped tomatoes Valfrutta Bag in Box 2x5kg 

31 Chopped tomatoes Cirio Brik 16x390g 

43 Chopped tomatoes Valfrutta Tin plate 3x400g 

17 Peeled tomatoes Cirio Tin plate 6x4x400g 

19 Peeled tomatoes Cirio Tin plate 6x2.5kg 

34 Peeled tomatoes Valfrutta Tin plate 3x2.5kg 

3 Sieved tomatoes Valfrutta Glass 700g 

10 Sieved tomatoes Cirio Glass 700g 

11 Sieved tomatoes Cirio  Tin plate 3x400g 

23 Sieved tomatoes Cirio PET 6x540g 

30 Sieved tomatoes Cirio Brik 8x3x200g 

32 Sieved tomatoes Cirio Brik 6x1000g 

40 Sieved tomatoes Cirio Tin plate 3x2.5kg 

Table 5-66 Vegetable products selected for result comparison. 

ID Product Brand Packaging Format 

12 Medium peas Cirio Tin plate 3x400g 

45 Small peas Valfrutta Glass 370gr 

46 Medium peas Valfrutta Tin plate 3x400g 

7 Borlotti beans Valfrutta Tin plate 3x150g 

41 Borlotti beans Valfrutta Tin plate 3x400g 

50 Borlotti beans Cirio Glass 370g 

9 Sweet corn Valfrutta Tin plate 3x160g 

21 Sweet corn Cirio  Tin plate 6x2.1kg 

8 Chickpeas  Valfrutta Glass 370g 

47 Chickpeas Valfrutta Tin plate 400g 
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Tables 5-67 – 5-70 present the percentage contribution for the 5 different phases to the overall impacts of 

the selected products. 

Table 5-67 Percentage contribution per phase (global warming). 

Product ID Ingredients Packaging Core Distribution End of life 

Chopped tomatoes 

16 4.9% 63.9% 31.3% 21.2% 0.0% 

22 5.9% 56.1% 38.0% 24.5% 0.0% 

27 9.6% 11.4% 76.1% 33.6% 2.9% 

38 12.7% 16.8% 65.4% 17.9% 5.0% 

31 16.1% 24.0% 58.2% 41.4% 1.6% 

43 5.2% 67.1% 27.7% 5.9% 0.0% 

Peeled tomatoes 

17 4.4% 67.4% 28.2% 22.6% 0.0% 

19 5.8% 61.8% 32.3% 26.7% 0.0% 

34 6.2% 67.1% 26.7% 4.6% 0.0% 

Sieved tomatoes 

3 8.5% 52.3% 39.2% 9.2% 0.0% 

10 7.2% 52.8% 40.0% 6.6% 0.0% 

11 3.5% 52.4% 44.0% 5.8% 0.0% 

23 9.7% 24.7% 58.8% 26.5% 6.8% 

30 11.2% 19.9% 67.8% 30.9% 1.1% 

32 11.6% 14.5% 72.4% 30.5% 1.5% 

40 7.2% 54.2% 38.7% 3.4% 0.0% 

Pea 

12 12.9% 61.4% 25.7% 3.6% 0.0% 

45 12.9% 64.1% 18.3% 4.5% 4.7% 

46 12.9% 69.6% 17.5% 2.4% 0.0% 

Bean 

7 11.5% 72.1% 16.4% 5.3% 0.0% 

41 11.0% 72.3% 16.7% 2.9% 0.0% 

50 11.2% 63.3% 25.5% 5.1% 0.0% 

Corn 
9 23.7% 63.3% 13.1% 4.0% 0.0% 

21 30.3% 48.0% 21.7% 15.6% 0.0% 

Chickpea 
8 9.9% 75.3% 14.8% 8.0% 0.0% 

47 10.8% 72.4% 16.8% 3.2% 0.0% 
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Table 5-68 Percentage contribution per phase (ecological footprint). 

Product ID Ingredients Packaging Core Distribution End of life 

Chopped tomatoes 

16 3.8% 66.9% 29.4% 20.6% 0.0% 

22 4.7% 58.9% 36.4% 24.3% 0.0% 

27 7.9% 14.7% 75.4% 34.6% 2.0% 

38 10.1% 22.1% 64.4% 19.5% 3.5% 

31 10.5% 46.5% 42.9% 31.5% 0.0% 

43 4.0% 70.1% 26.0% 6.1% 0.0% 

Peeled tomatoes 

17 3.3% 70.3% 26.4% 21.8% 0.0% 

19 4.5% 64.6% 30.9% 26.3% 0.0% 

34 4.7% 69.9% 25.4% 4.8% 0.0% 

Sieved tomatoes 

3 6.7% 56.5% 36.8% 9.4% 0.0% 

10 5.3% 59.0% 35.6% 6.7% 0.0% 

11 2.7% 55.7% 41.6% 5.9% 0.0% 

23 7.7% 29.5% 56.1% 26.2% 6.7% 

30 7.4% 38.8% 53.8% 25.4% 0.0% 

32 8.2% 30.2% 61.1% 26.6% 0.6% 

40 5.7% 57.2% 37.1% 3.5% 0.0% 

Pea 

12 9.6% 65.8% 24.6% 3.6% 0.0% 

45 9.6% 68.2% 17.2% 4.9% 5.0% 

46 9.8% 73.5% 16.7% 2.6% 0.0% 

Bean 

7 10.1% 74.6% 15.3% 5.2% 0.0% 

41 9.6% 74.8% 15.6% 3.0% 0.0% 

50 9.7% 66.9% 23.4% 5.5% 0.0% 

Corn 
9 16.2% 70.6% 13.2% 4.4% 0.0% 

21 21.8% 55.5% 22.7% 17.0% 0.0% 

Chickpea 
8 9.0% 77.5% 13.5% 8.1% 0.0% 

47 10.1% 74.2% 15.7% 3.5% 0.0% 
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Table 5-69 Percentage contribution per phase (Water scarcity). 

Product ID Ingredients Packaging Core Distribution End of life 

Chopped tomatoes 

16 90.5% 8.0% 1.5% 0.3% 0.0% 

22 91.8% 5.8% 2.4% 0.3% 0.0% 

27 99.0% 0.8% 0.2% 0.2% 0.0% 

38 96.6% 0.8% 2.5% 0.2% 0.0% 

31 98.1% 1.5% 0.4% 0.2% 0.0% 

43 89.9% 7.7% 2.4% 0.1% 0.0% 

Peeled tomatoes 

17 91.7% 8.7% -0.5% 0.3% 0.0% 

19 94.4% 6.1% -0.5% 0.3% 0.0% 

34 94.3% 6.3% -0.7% 0.1% 0.0% 

Sieved tomatoes 

3 93.1% 5.0% 1.9% 0.2% 0.0% 

10 92.0% 5.4% 2.6% 0.2% 0.0% 

11 88.9% 8.5% 2.6% 0.2% 0.0% 

23 95.7% 2.5% 1.7% 0.2% 0.1% 

30 96.8% 1.5% 1.6% 0.2% 0.0% 

32 97.4% 1.0% 1.6% 0.2% 0.0% 

40 92.8% 4.6% 2.6% 0.1% 0.0% 

Pea 

12 83.0% 14.3% 2.7% 0.1% 0.0% 

45 79.7% 17.9% 2.2% 0.3% 0.3% 

46 81.6% 16.2% 2.2% 0.1% 0.0% 

Bean 

7 91.9% 4.4% 3.7% 0.0% 0.0% 

41 89.5% 4.4% 6.0% 0.0% 0.0% 

50 91.4% 4.8% 3.8% 0.1% 0.0% 

Corn 
9 97.0% 2.4% 0.6% 0.0% 0.0% 

21 97.9% 1.4% 0.6% 0.1% 0.0% 

Chickpea 
8 19.8% 77.4% 2.8% 1.6% 0.0% 

47 25.4% 71.1% 3.5% 0.9% 0.0% 
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Table 5-70 Percentage contribution per phase (Cumulative energy demand). 

Product ID Ingredients Packaging Core Distribution End of life 

Chopped tomatoes 

16 3.7% 63.3% 33.0% 20.4% 0.0% 

22 4.6% 54.7% 40.7% 24.0% 0.0% 

27 7.4% 12.2% 80.4% 31.9% 0.0% 

38 8.8% 17.7% 73.5% 17.2% 0.1% 

31 10.2% 49.1% 40.7% 27.1% 0.0% 

43 3.9% 65.7% 30.5% 5.9% 0.0% 

Peeled tomatoes 

17 3.2% 66.2% 30.5% 21.7% 0.0% 

19 4.4% 60.2% 35.4% 26.0% 0.0% 

34 4.5% 64.2% 31.3% 4.6% 0.0% 

Sieved tomatoes 

3 6.3% 51.0% 42.7% 8.8% 0.0% 

10 5.0% 57.4% 37.5% 6.4% 0.0% 

11 2.5% 51.3% 46.2% 5.6% 0.0% 

23 6.8% 36.7% 56.4% 23.7% 0.1% 

30 6.4% 41.7% 52.0% 21.9% 0.0% 

32 7.2% 32.1% 60.7% 23.5% 0.0% 

40 5.6% 53.9% 40.5% 3.5% 0.0% 

Pea 

12 11.3% 61.5% 27.1% 3.5% 0.0% 

45 12.1% 62.2% 20.9% 4.7% 4.8% 

46 12.3% 67.1% 20.6% 2.5% 0.0% 

Bean 

7 11.2% 69.1% 19.7% 5.1% 0.0% 

41 10.8% 69.3% 19.9% 2.9% 0.0% 

50 10.9% 62.1% 26.9% 5.3% 0.0% 

Corn 
9 17.3% 64.9% 17.8% 4.2% 0.0% 

21 23.5% 50.9% 25.6% 16.6% 0.0% 

Chickpea 
8 10.8% 72.5% 16.7% 8.1% 0.0% 

47 11.9% 68.3% 19.9% 3.3% 0.0% 

 

Percentage contribution show how packaging production and core processes represent most of the impacts 

for global warming, ecological footprint and cumulative energy demand. For the same impact categories, 

contributions for product distribution vary accordingly with the market destination (national or European) 

and may represent a relevant phase in the second case. 

Ingredient production (including agriculture) is relevant mainly for water scarcity, as it generally 

contributes for at least 80% of the impacts. Chickpea-based represent the only exception as chickpea is not 

irrigated. 

For all the production, impacts from the end-of-life treatments of packaging are instead negligible. 
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In order to better analyse the influence of the abovesaid four parameters, the distribution phase is neglected 

in the comparison since travel distances and logistic optimisation are not affected. Therefore, the results are 

shown are divided between: 

• ingredients and core processes, mostly affected by the crop, the type of manufacturing process and 

its related energy inputs; 

• packaging and end of life, whose impacts are strictly related to the material and the format size of 

the selected packaging. 

Product comparison for tomato is reported in Figures 5-12 – 5-15 for ‘ingredients and core processes’ and 

in Figures 5-16 – 5-19 for ‘packaging and end of life’. 

Product comparison for vegetables is reported in Figures 5-20 – 5-23 for ‘ingredients and core processes’ 

and in Figures 5-24 – 5-27 for ‘packaging and end of life’. 

 

 

Figure 5-12 Comparison of ingredients and core processes – 

tomato (Global warming potential). 

 

Figure 5-13 Comparison of ingredients and core processes – 

tomato (Ecological footprint). 
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Figure 5-14 Comparison of ingredients and core processes – 

tomato (Water scarcity). 

 

Figure 5-15 Comparison of ingredients and core processes – 

tomato (Cumulative energy demand). 

 

 

Figure 5-16 Comparison of packaging and end of life – tomato 

(Global warming potential). 

 

Figure 5-17 Comparison of packaging and end of life – tomato 

(Ecological footprint). 
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Figure 5-18 Comparison of packaging and end of life – tomato 

(Water scarcity). 

 

Figure 5-19 Comparison of packaging and end of life – tomato 

(Cumulative energy demand). 
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an impact equal to 0.465 kg CO2 eq for GWP, 1.192 m2 yr for EF and 7.939 MJ for CED. Also in 

this case, the manufacturing processes of chopped and peeled tomatoes show results about 30% 

and 40%-45% lower. 

• The electricity consumption from renewable sources (wind energy for the Valfrutta brand) allows 
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manufacturing (sieved, chopped and peeled tomatoes). 

 

On the other hand, the analyses of the phases for packaging production and end of life shows that: 

• Concerning the selection of packaging material in the phase of packaging production for 1 kg of 

processed food products, tin plate show the worst results in terms of GWP (0.619 kg CO2 eq), EF 

(1.760 m2 yr) and CED (9.838 MJ) with glass impacts being only 13% lower for GWP, 4% lower 

for EF and almost equal for CED. Similarly, glass shows the worst result in terms of WS (0.182 m3 

eq) with the tin plate impact being only 7% lower. 

Instead, the other packaging material present much lower results in all the analysed categories: in 

the range of 85%-90% lower for the ‘bag in box’ solution, 50%-80% lower the brick (liquid 

packaging container), and 50%-70% lower for the PET bottle. 

• All packaging solution show a negligible contribution of the end-of-life phase except for the PET 

bottle (ID 23). In this case, the end-of-life phase reaches up to 7% of the overall impact (excluded 

distribution) for GWP and EF. 

• Ultimately, different format size resulted available for tin plate cans and brick boxes. In the first 

case, the larger can for a 2.5 kg content allows to reduce of about 25% all the impacts with respect 

to the 400 g can. Similarly, 1000 g brick shows environmental impacts about 30% than the 200 g 

option. 

 

Figure 5-20 Comparison of ingredients and core processes – 

vegetables (Global warming potential). 

 

Figure 5-21 Comparison of ingredients and core processes – 

vegetables (Ecological footprint). 
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Figure 5-22 Comparison of ingredients and core processes – 

vegetables (Water scarcity). 

 

Figure 5-23 Comparison of ingredients and core processes – 

vegetables (Cumulative energy demand). 

 

Figure 5-24 Comparison of packaging and end of life – 

vegetables (Global warming potential). 

 

Figure 5-25 Comparison of packaging and end of life – 

vegetables (Ecological footprint). 
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Figure 5-26 Comparison of packaging and end of life – 

vegetables (Water scarcity). 

 

Figure 5-27 Comparison of packaging and end of life – 

vegetables (Cumulative energy demand). 
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• Ultimately, three different format size for tin plate cans were analysed (150 g/160 g, 400 g and 2.1 

kg). With respect to the first size, the 400 g can allows an impact reduction of 38%-39% whereas 

the 2.1 kg can gains up to 44%-45% impact reduction. 

 

As defined in the goal and scope definition, since mass units limit a proper functional comparison of the 

analysed products, two alternative functional units based on nutritional values are applied to the impacts of 

agriculture phase and food processing (Figures 5-28 – 5-31): 1000 kcal of energy content and 100 g of 

protein content (McAuliffe et al., 2020). Data for energy and protein content per 100 g of product are 

reported in Table 5-71. 

Table 5-71 Energy and protein content per 100 g of product. 

Product ID Energy content [kcal] Protein content [g] 

Chopped tomatoes 

16 27 1.1 

22 27 1.1 

27 35 1.2 

38 29 1.2 

31 40 1.5 

43 24 1.1 

Peeled tomatoes 

17 27 1.5 

19 27 1.1 

34 27 1.1 

Sieved tomatoes 

3 30 1.2 

10 35 1.2 

11 22 1.1 

23 35 1.2 

30 35 1.2 

32 35 1.2 

40 32 1.2 

Pea 

12 65 3.6 

45 72 4.9 

46 97 4.9 

Bean 

7 106 7.8 

41 97 7 

50 99 6.8 

Corn 
9 83 2.6 

21 83 2.6 

Chickpea 
8 125 6.7 

47 125 6.7 
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Because the lower amount of energy and protein content, the lower impacts of tomato-based products per 

mass unit are counter-balanced. Still, impacts per energy content show quite similar values for all crop 

bases. The counterbalance for tomato is instead more evident among the impacts per protein content as the 

average content is about one sixth of the maximum content identified for other crops. 

In particular, corn-based products show the worst impacts for all the analysed products in terms of protein 

content. 

Bean and chickpea are favoured by the much higher energy and protein content, whereas pea and chickpea 

confirm the lowest impacts for water scarcity thanks to the very low water demand for cultivation. 

 

 

Figure 5-28 Comparison for alternative functional units (Global warming). 
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Figure 5-29 Comparison for alternative functional units (Ecological footprint). 

 

 

Figure 5-30 Comparison for alternative functional units (Water scarcity). 
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Figure 5-31 Comparison for alternative functional units (Cumulative energy demand). 
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6. FUTURE SCENARIOS FOR CROP CULTIVATION 

The present chapter aims at presenting potential improvements for future scenarios of crop cultivation. 

On the one side, paragraph 6.1 presents data deriving from the collection campaign performed in 2019 – as 

shown in chapter 4 – and in 2018. With respect to the previous assessment, data are divided according to 

the geographical area and the irrigation system used and the influence of such parameters on the 

environmental performance of crops is analysed. The combination of the two years allowed to set a 

consistent baseline to which refer the evaluation of the potential improvements. 

On the other side, paragraph 6.2 reports the agronomic and LCA study performed in collaboration with the 

“Cassandra Lab” research centre of the University of Milan towards the identification of optimal 

genotypes and management practices better adapting to future climate scenarios. The dataset for the 

agronomic simulation derives from a specific in situ campaign (two different sites in Emilia-Romagna) 

performed by Cassandra Lab for the calibration of the model. The simulation output were then 

environmentally assessed through LCA within the framework of this study. 

6.1. CROP CULTIVATION: OPTIMISATION OF THE WATER PROCESS 

As reported in the results in paragraph 5.2.1, water consumption for irrigation procedures constitutes the 

most relevant water scarcity impact for all the analysed manufactured food products. Still, especially in the 

case of vegetable-based products, also other impact categories can be positively affected by crop 

optimisation. 

A study on the main crops of Conserve Italia is performed to evaluate their performance and define a 

company baseline in terms of the impact categories assessed in this study, quantified through the 

methodology LCA. 

Subsequently, on the crops that will be evaluated as significant through a SWOT analysis, the achievable 

savings compared to the best available techniques for water saving are evaluated. 

Moreover, a unique indicator is quantified considering the four impact categories towards the Water Energy 

Food (WEF) Nexus. 

6.1.1. SWOT analysis 

Based on the SWOT analysis, crops are classified, among other parameters, on the basis of their water 

demand and the opportunities and feasibility of management improvements. 

Through this type of analysis, it is possible to highlight for a specific measure that one intends to adopt the 

strengths and weaknesses in order to bring out the opportunities and the barriers or threats that arise from 

the external context to which the specific sectoral realities are exposed. SWOT analysis also makes it 
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possible to distinguish exogenous and endogenous factors. In fact, the strengths and weaknesses are to be 

considered endogenous factors, while the risks and opportunities are exogenous factors. 

The results derived from the previous analysis of the cultivation process served as inputs for the 

implementation of the SWOT analysis itself. 

The purpose of the SWOT analysis is therefore to identify strategies by classifying the crops according to 

their water demand and the opportunities for management improvements by identifying the strengths and 

limiting weaknesses. 

This, through the analysis of different alternative scenarios in the management of water resources in the 

cultivation phase, allows to represent the main factors that can influence the success of a strategy. 

The crops were analysed using different categories to evaluate each individual strategy: 

• specific water consumption; 

• total annual water consumption; 

• reduction potential of the water footprint and technological options applicable to the crop; 

• control grade of the agricultural phase by Conserve Italia; 

• cost of installation and management; 

• feasibility/replicability and assessment of possible implementation difficulties also taking into 

account climate change scenarios; 

• positioning on the market of finished products, strategic nature of business decisions; 

• assessment of the environmental sustainability of the strategy in terms of impacts related to the 

water footprint, the emissions of greenhouse gases and the consumption of fossil resources, 

assessed using the LCA methodology. 

 

Tables 6-1 – 6-5 report the output of the SWOT analysis for the analysed crops. Colour green indicates a 

useful and controllable parameter, colour red indicates a not useful and not controllable parameter, whereas 

colour yellow indicates a potentially useful and controllable parameter despite potential criticalities. 
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Table 6-1 SWOT analysis - tomato. 

 
STRENGTH  WEAKNESS OPPORTUNITY THREAT 

Specific water 

consumption

  

 

Medium-high 

specific water 

consumption (m3/ha 

and m3/ton) 

  

Total annual 

water 

consumption 

 

High total annual 

water consumption 

(m3/year) 

  

Reduction 

potential of 

the water 

footprint and 

technological 

options 

  

The reduction 

potential is high and 

there are multiple 

technological options 

for the analysed crop 

 

Control grade 
  

The potential for 

control and influence 

of the company on 

farms is medium-

high 

 

Cost    

The potential cost of 

the different options 

available could be 

significant 

Feasibility/ 

replicability 
  

Although there are 

multiple 

technological options 

for the crop in 

question, the major 

feasibility issues 

concern the 

adaptability to the 

cultivation 

techniques used and 

to the geographical 

area 

 

Market 

positioning 

The crop is among 

the strategic ones for 

the company 

   

Environmenta

l sustainability 
  

The application of 

technologies to 

reduce the water 

footprint of the crop 

would bring 

significant benefits 

in terms of 

environmental 

sustainability 
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Table 6-2 SWOT analysis - corn. 

 
STRENGTH  WEAKNESS OPPORTUNITY THREAT 

Specific water 

consumption

  

 

High specific water 

consumption (m3/ha 

and m3/ton) 

  

Total annual 

water 

consumption 

 

Medium-high total 

annual water 

consumption 

(m3/year) 

  

Reduction 

potential of 

the water 

footprint and 

technological 

options 

  

The reduction 

potential is medium-

high and there are 

technological options 

for the analysed crop 

 

Control grade 
  

The potential for 

control and influence 

of the company on 

farms is high 

 

Cost    

The potential cost of 

the different options 

available could be 

medium high 

Feasibility/ 

replicability 
  

Although there are 

multiple 

technological options 

for the crop in 

question, the major 

feasibility issues 

concern the 

adaptability to the 

cultivation 

techniques used and 

to the geographical 

area 

 

Market 

positioning 

The crop is among 

the strategic ones for 

the company 

   

Environmenta

l sustainability 
  

The application of 

technologies to 

reduce the water 

footprint of the crop 

would bring 

significant benefits 

in terms of 

environmental 

sustainability 
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Table 6-3 SWOT analysis - bean. 

 
STRENGTH  WEAKNESS OPPORTUNITY THREAT 

Specific water 

consumption

  

 

Very high specific 

water consumption 

(m3/ha and m3/ton) 

  

Total annual 

water 

consumption 

 

Medium total annual 

water consumption 

(m3/year) 

  

Reduction 

potential of 

the water 

footprint and 

technological 

options 

  

The reduction 

potential is medium-

high and there are 

technological options 

for the analysed crop 

 

Control grade 
  

The potential for 

control and influence 

of the company on 

farms is high 

 

Cost    

The potential cost of 

the different options 

available could be 

medium high 

Feasibility/ 

replicability 
  

Technological 

options for the crop 

in question are 

limited 

 

Market 

positioning 

The crop is among 

the strategic ones for 

the company 

   

Environmenta

l sustainability 
  

The application of 

technologies to 

reduce the water 

footprint of the crop 

would bring 

significant benefits 

in terms of 

environmental 

sustainability 
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Table 6-4 SWOT analysis - pea. 

 
STRENGTH  WEAKNESS OPPORTUNITY THREAT 

Specific water 

consumption

  

Low specific water 

consumption (m3/ha 

and m3/ton) 

   

Total annual 

water 

consumption 

Low total annual 

water consumption 

(m3/year) 

   

Reduction 

potential of 

the water 

footprint and 

technological 

options 

   

The reduction 

potential is low as 

the crop is usually 

not irrigated 

Control grade 
  

The potential for 

control and influence 

of the company on 

farms is medium 

 

Cost    

The potential cost of 

the different options 

available could be 

high 

Feasibility/ 

replicability 
   No technological 

options are available 

Market 

positioning 
 

The crop is not 

among the strategic 

ones for the 

company 

  

Environmenta

l sustainability 
 

The application of 

technologies to 

reduce the water 

footprint of the crop 

would bring not 

significant benefits 

in terms of 

environmental 

sustainability 
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Table 6-5 SWOT analysis - chickpea. 

 
STRENGTH  WEAKNESS OPPORTUNITY THREAT 

Specific water 

consumption

  

Very-low specific 

water consumption 

(m3/ha and m3/ton) 

   

Total annual 

water 

consumption 

Very-low total 

annual water 

consumption 

(m3/year) 

   

Reduction 

potential of 

the water 

footprint and 

technological 

options 

   

The reduction 

potential is low as 

the crop is not 

irrigated 

Control grade 
  

The potential for 

control and influence 

of the company on 

farms is medium 

 

Cost    

The potential cost of 

the different options 

available could be 

high 

Feasibility/ 

replicability 
   No technological 

options are available 

Market 

positioning 
 

The crop is not 

among the strategic 

ones for the 

company 

  

Environmenta

l sustainability 
 

The application of 

technologies to 

reduce the water 

footprint of the crop 

would bring not 

significant benefits 

in terms of 

environmental 

sustainability 
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6.1.2. Data collection and baseline definition 

Based on the results of the SWOT analysis, the following key crops have been identified on which the study 

and definition of alternatives will be focused: tomatoes, corn and beans. 

The declared unit for which data are represented by 1 kg of cultivated crop, as the boundaries of the analysis 

refer to the agricultural phase. Still, the results of the analysis are assessed also for the original functional 

unit of 1 kg of processed food products, focusing on a limited set of representative products. 

The following data collection utilise data presented in paragraph 4.2.2 (year 2019) in combination with 

those deriving from an analogous collection campaign performed in 2018. Data collected in relation to the 

cultivation phase consist of: 

• Cultivation yield expressed in ton/ha; 

• Total water consumption (e.g. irrigation, fertigation, weeding, etc.) expressed in m3/year; 

• Specific water consumption expressed in m3/ton; 

• Irrigation system. 

Irrigation is performed through different irrigation systems: sprinkler (75% efficiency), pivot (85% 

efficiency) and hose (90% efficiency). Sprinklers are mainly used for beans, peas, beans and corn. 

Regarding the irrigation system, the following considerations can be made: 

• Tomato: for Northern Italy there is a prevalence of irrigation by sprinkling due to the greater water 

availability, while in Central and Southern Italy all irrigation is by hose. 

• Vegetables: The choice of companies must take into consideration the different types of irrigation 

such as: sprinkler and pivot. Pea and chickpea production does not always require irrigation. 

In addition to these data strictly related to the water footprint, in accordance with the life-cycle approach, 

the data collection also concerned energy consumption, fertilizers, pesticides and atmospheric emissions 

that indirectly contribute to the WEF. 

As reported in paragraph 4.2.2, the inventory data was collected directly from a sample of agricultural 

cooperatives involved in the cultivation of the crops studied. In addition to geographical representativeness, 

the agricultural data were divided on the basis of the irrigation system in order to make explicit the water 

focus of the project. 

Tables 6-6 and 6-7 show the weighted-average data for agricultural production, collected in the years 2018 

and 2019. 
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Table 6-6 Inventory data (referred to 1 ha cultivated). 

Crop Area Irrigation system 
Diesel for irrigation (l/ha) Irrigated water (m3/ha) Yield (ton/ha) 

2018 2019 2018 2019 2018 2019 

Bean Northern Italy 
Pivot   50.00  1,000.00  5.40  

Sprinkler 225.00 210.00 1,350.00 1,244.44 3.78 3.17 

Chickpea 
Central Italy Not irrigated - - - - 1.72 1.43 

Northern Italy Not irrigated - - - - 2.69  

Southern Italy Not irrigated - - - - 1.85 1.20 

Corn Northern Italy 
Pivot  48.00  1,133.33  14.51 

Sprinkler 218.75 245.45 1,312.50 1,636.36 14.43 14.45 

Gravity-flow  45.00  2,700.00  14.27 

Pea Northern Italy 
Not irrigated - - - - 5.79 7.61 

Sprinkler 116.67 72.00 700.00 400.00 6.30 3.67 

Tomato 

Central Italy Hose 312.00 250.00 4,095.00 3,500.00 90.00 91.00 

Northern Italy 
Lateral infiltration  -  2,500.00  77.50 

Hose 324.00 130.00 2,872.50 1,876.25 66.50 72.75 

Sprinkler 175.00 100.00 1,050.00 950.00 70.50 60.00 

Southern Italy Hose 186.00 425.40 4,948.13 4,762.00 135.00 101.64 

Crop Area Irrigation system 
Urea (kg N/ha) Amm. nitrate (kg N/ha) NPK fertiliser (kg N/ha) 

2018 2019 2018 2019 2018 2019 

Bean Northern Italy 
Pivot 48.50 - 41.25 - - - 

Sprinkler 23.83 20.44 27.00 - - - 

Chickpea 
Central Italy Not irrigated - - - - - - 

Northern Italy Not irrigated - - - - - - 

Southern Italy Not irrigated - - - - - - 

Corn Northern Italy 
Pivot - 138.00 - -  8.00 

Sprinkler 140.36 143.65 - - 3.38 13.10 

Gravity-flow - 124.20 - - - 37.70 

Pea Northern Italy 
Not irrigated - - 49.13 27.00 - - 

Sprinkler - 9.20 37.87 16.30 - - 

Tomato 

Central Italy Hose - - - - 152.50 214.19 

Northern Italy 
Lateral infiltration - - - - - - 

Hose - - 40.63 - 49.86 - 

Sprinkler - - 85.38 - 27.42 - 

Southern Italy Hose - - 8.50 - 75.68 117.20 

Crop Area Irrigation system 
NPK fertiliser (kg P/ha) NPK fertiliser (kg K/ha) Chemical (kg-litre/ha) 

2018 2019 2018 2019 2018 2019 

Bean Northern Italy 
Pivot - - - - 10.10  

Sprinkler - - - - 10.58 10.97 

Chickpea 
Central Italy Not irrigated - - - - 5.65 5.40 

Northern Italy Not irrigated -  -  5.65  

Southern Italy Not irrigated - - - - 5.65 5.35 

Corn Northern Italy 
Pivot  16.00  21.33  13.94 

Sprinkler 8.63 8.30 - - 22.86 14.62 

Gravity-flow  103.20  -  14.79 

Pea Northern Italy 
Not irrigated - - - - 4.99 4.60 

Sprinkler - - - - 5.77 5.90 

Tomato 

Central Italy Hose 85.50 172.15 107.00 227.88 30.59 32.58 

Northern Italy 
Lateral infiltration  30.00  43.32  28.39 

Hose 52.50 80.30 76.00 90.34 57.50 53.26 

Sprinkler 63.87 39.82 23.75 1.21 27.98 22.86 

Southern Italy Hose 54.56 121.20 46.16 5.40 29.05 22.86 
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Table 6-7 Inventory data for irrigation (referred to 1 ton cultivated). 

Crop Area Irrigation system 
Diesel for irrigation (l/ton) Irrigated water (m3/ton) 

2018 2019 2018 2019 

Bean Northern Italy 
Pivot 9.26  185.19  

Sprinkler 59.47 66.22 356.83 392.41 

Chickpea 
Central Italy Not irrigated - - - - 

Northern Italy Not irrigated -  -  

Southern Italy Not irrigated - - - - 

Corn Northern Italy 
Pivot  3.31  78.13 

Sprinkler 15.16 16.99 90.99 113.26 

Gravity-flow  3.15  189.21 

Pea Northern Italy 
Not irrigated - - - - 

Sprinkler 18.52 19.63 111.11 109.05 

Tomato 

Central Italy Hose 3.47 2.75 45.50 38.46 

Northern Italy 
Lateral infiltration  -  32.26 

Hose 4.87 1.79 43.20 25.79 

Sprinkler 2.48 1.67 14.89 15.83 

Southern Italy Hose 1.38 4.19 36.65 46.85 

 

These data have been used to define an average baseline scenario (for the combination of years 2018 and 

2019) for the analysed crops. 

Based on the total annual production in 2018, it is also possible to identify the average total consumption 

of water and diesel expected for each crop. As reported in Table 6-8, data for corn and tomato confirm the 

strategic business role identified by the SWOT analysis as they contribute overall to over 85% of the 

consumption of diesel for irrigation and to over 90% of water consumption. 

Table 6-8 Total diesel and water consumption. 

Crop Total production [ton] Total diesel consumption for irrigation [litres] Total water consumption [m3] 

Bean 3,226.35 171,538.57 1,099,137.79 

Chickpea 2,581.79 - - 

Corn 42,386.26 590,556.74 4,387,412.52 

Pea 12,021.74 69,246.23 400,605.69 

Tomato  348,522.09 865,998.91 10,800,120.48 
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The WEF nexus is calculated for individual crops in the current management scenario (Business As Usual 

of Conserve Italia). The indicators selected as representative of the Water-Energy-Food Nexus are: 

• Global Warming Potential (GWP), assessed on the basis of the IPCC 2013 method, in kg CO2 eq; 

• Water scarcity, assessed on the basis of the AWARE (Available Water Remaining) method, in m3 

eq; 

• Consumption of energy resources, assessed according to the CED (Cumulative Energy Demand) 

method, in MJ; 

• Crop yield, in ton/ha. 

Table 6-9 reports the different impacts for each crop and for each irrigation system considered. 

Table 6-9 Environmental impacts (average 2018-2019). 

Crop Area Irrigation system GWP [kg CO2 eq] AWARE [m3 eq] CED [MJ] EF [m2 yr/ha] 

Bean Northern Italy 
Pivot 0.31 8.48 3.97 0.54 

Sprinkler 0.50 17.03 7.87 1.16 

Chickpea 

Central Italy Not irrigated 0.56 0.12 9.45 1.45 

Northern Italy Not irrigated 0.24 0.03 3.85 0.62 

Southern Italy Not irrigated 0.45 0.13 7.95 0.73 

Corn Northern Italy 

Pivot 0.12 3.58 1.48 0.22 

Sprinkler 0.17 4.66 2.12 0.33 

Gravity-flow 0.13 8.56 1.50 0.22 

Pea Northern Italy 
Not irrigated 0.17 0.08 2.32 0.32 

Sprinkler 0.28 5.06 4.20 0.61 

Tomato 

Central Italy Hose 0.03 1.89 0.49 0.07 

Northern Italy 

Lateral infiltration 0.02 1.45 0.25 0.04 

Hose 0.04 1.56 0.66 0.09 

Sprinkler 0.03 0.70 0.45 0.07 

Southern Italy Hose 0.03 1.88 0.52 0.08 

 

Following the analysis of the collected data, the company reference baseline is defined for each crop (Table 

6-10), with respect to which the potential for reducing the water footprint is assessed. 

Table 6-10 Environmental impacts (crop baseline). 

Crop GWP [kg CO2 eq] AWARE [m3 eq] CED [MJ] EF [m2 yr/ha] 

Bean 0.31 8.48 3.97 1.09 

Chickpea 0.56 0.12 9.45 1.30 

Corn 0.12 3.58 1.48 0.31 

Pea 0.17 0.08 2.32 0.44 

Tomato 0.03 1.89 0.49 0.07 
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6.1.3. Definition of the WEF indicator 

Based on the results, a multi-variable optimisation is carried out in which the optimum point is defined, 

represented by the "best compromise" between water footprint, CED, GWP and EF of the crop. Based on 

this point, the environmental indicators of each crop, geographic area and irrigation system are normalized 

with respect to the crop average according to the equations reported below. 

𝐼𝐺𝑊𝑃 =
𝐺𝑊𝑃𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
𝐺𝑊𝑃𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

 (3.1) 

𝐼𝐴𝑊𝐴𝑅𝐸 =
𝐴𝑊𝐴𝑅𝐸𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
𝐴𝑊𝐴𝑅𝐸𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

 (3.2) 

𝐼𝐶𝐸𝐷 =
𝐶𝐸𝐷𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
𝐶𝐸𝐷𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

 (3.3) 

𝐼𝐸𝐹 =
𝐸𝐹𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
𝐸𝐹𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

 (3.4) 

 

An indicator with a value greater than 1 indicates a performance above the average of the crop, while an 

indicator between 0 and 1 indicates a performance below the average. 

The individual performance indicators of water footprint, CED, GWP and agricultural yield of the crop 

were subsequently weighted to return a single-score WEF indicator that presented the same classification 

criteria as indicated for the previous indicators. 

In two of the weighting options considered, reference was made to the weighing factors used within the 

PEF (Product Environmental Footprint) methodology (European Commission. Joint Research Centre. 

Institute for Environment and Sustainability, 2018). 

Two different weighing options are applied as follows: 

• Score 1: equal distribution among all indicators; 

• Score 2: weighting based on PEF weighting (Table 6-11). 

Weighting factors for the PEF framework are reported in Annex A of the PEFCR Guidance (European 

Commission. Joint Research Centre. Institute for Environment and Sustainability, 2018). The factors for 

‘Climate change’ and ‘Water use’ are directly available, whereas those for ‘Land use’ and ‘Resource use, 

fossils’ have been applied for EF and CED respectively. Values for the aggregated weighting set and 

robustness factors are multiplied and then scaled to 100% to identify the weighting factors applied for Score 

2. 
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Table 6-11 Weighting factors applied to the WEF indicator (Score 2): A=aggregated weighting set (50:50); B= 

robustness factors (scale 1-0.1); C=AxB. 

Indicator A B C Weighting factors 

GWP 15.75 0.87 13.65 45.7% 

AWARE 11.89 0.47 5.55 18.6% 

CED 9.14 0.6 5.48 18.4% 

EF 11.1 0.47 5.18 17.3% 

 

The score of the WEF indicator is then evaluated according to the formula 

𝐼𝑊𝐸𝐹 =∑𝑓𝑤𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔,𝑖 ∗ 𝐼𝑖
𝑖

 (3.5) 

In order to evaluate and quantify the results of possible improvement actions, the weighting system applied 

to Score 2 is taken as a reference. 

6.1.4. Results and discussion of the analysis 

Based on the presented methodology, Table 6-12 and Table 6-13 show the environmental indicators and 

WEF indicators of each crop, geographical area and irrigation system in order to define the strategic 

scenarios or those on which improvement plans are to be operated. 

Table 6-12 Environmental indicators (specific to crop, geographical area and irrigation system). 

Crop Area Irrigation system GWP AWARE CED Yield 

Bean Northern Italy 
Pivot 1.55 1.90 1.87 1.47 

Sprinkler 0.95 0.94 0.94 0.95 

Chickpea 

Central Italy Not irrigated 0.93 0.99 0.93 0.91 

Northern Italy Not irrigated 2.19 4.10 2.29 1.55 

Southern Italy Not irrigated 1.14 0.92 1.11 0.88 

Corn Northern Italy 

Pivot 1.27 1.32 1.36 1.01 

Sprinkler 0.95 1.01 0.94 1.00 

Gravity-flow 1.24 0.55 1.34 0.99 

Pea Northern Italy 
Not irrigated 1.29 25.38 1.35 1.14 

Sprinkler 0.78 0.39 0.74 0.85 

Tomato 

Central Italy Hose 1.07 0.71 1.03 1.15 

Northern Italy 

Lateral infiltration 2.07 0.92 2.00 0.98 

Hose 0.83 0.86 0.76 0.88 

Sprinkler 1.01 1.92 1.12 0.83 

Southern Italy Hose 1.04 0.71 0.96 1.50 
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Table 6-13 WEF indicators (specific to crop, geographical area and irrigation system). 

Crop Area Irrigation system Score 1 Score 2 

Bean Northern Italy 
Pivot 1.83 1.75 

Sprinkler 0.94 0.95 

Chickpea 

Central Italy Not irrigated 0.94 0.93 

Northern Italy Not irrigated 2.67 2.55 

Southern Italy Not irrigated 1.24 1.21 

Corn Northern Italy 

Pivot 1.34 1.32 

Sprinkler 0.96 0.96 

Gravity-flow 1.12 1.15 

Pea Northern Italy 
Not irrigated 7.35 5.80 

Sprinkler 0.66 0.69 

Tomato 

Central Italy Hose 0.97 0.99 

Northern Italy 

Lateral infiltration 1.73 1.82 

Hose 0.81 0.81 

Sprinkler 1.28 1.21 

Southern Italy Hose 0.91 0.95 

 

In order to better understand the WEF performance of the crops considered strategic (tomato, corn and 

bean), the values of the indicators are shown in graphical form divided by crop. 

 

Tomato 

Due to the different geographical areas of cultivation - and related weather-climatic conditions - the tomato 

indicators show a rather diversified behaviour. Among the five scenarios analysed stand out: irrigation by 

lateral infiltration in Northern Italy, which does not require energy consumption for irrigation and presents 

favourable indicators for GWP and CED; irrigation with sprinkler in Northern Italy, which reports a water 

consumption of about half compared to the average; and irrigation with hose in Southern Italy, not so much 

for the irrigation system as for the significantly higher yield guaranteed by the different climatic conditions. 

The sampled data for Central Italy ranks around the average of the crop, while all the indicators for hose 

irrigation in Northern Italy show values below 1. 

 

Observing the results for 1 kg of sieved and chopped tomatoes (Figures 6-2 and 6-3), the positive data on 

GWP and CED for lateral infiltration is completely scaled down due to the preponderance of the impacts 

related to the processing phase while the sprinkler for Northern Italy and the hose for Southern Italy are 

alternatively the best solution according to the chosen weighting procedure. 
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However, it should be noted that the selection of sprinkler irrigation seems counterintuitive if we consider 

the greater irrigation efficiency expected for the hose and the lower specific consumption of diesel for 

irrigation compared to the sprinkler. It is therefore necessary to carefully evaluate - and, in perspective, 

with further sampling campaigns - whether the results obtained are not subject to significant influences 

with respect to the choice of samples and specific differences in the climatic conditions of the different 

cultivation areas. 

 

Figure 6-1 WEF indicators (tomato). 

 

Figure 6-2 WEF indicators (sieved tomatoes). 
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Figure 6-3 WEF indicators (chopped tomatoes). 

 

Corn 

Sprinkler irrigation appears to be the worst performing according to all the weighting systems used. Being 

the most used irrigation system for corn, the indicators for this system do not differ excessively from the 

crop average (indicator equal to 1) but are still penalising in terms of GWP and CED. 

Pivot irrigation is the most competitive as it guarantees significant savings in irrigated water and a reduction 

in greenhouse gas emissions and energy consumption. 

The use of gravity-flow irrigation would seem to guarantee a general benefit compared to the current 

average (Figures 6-4) since, despite having almost double the average water consumption, it has energy 

consumption and greenhouse gas emissions comparable to the pivot. However, if we analyse the indicators 

on 1 kg of manufactured product (Figures 6-5), gravity-flow irrigation is disadvantageous as the advantages 

for GWP and CED are reduced as they have less influence on the total life cycle while it remains 

substantially unchanged the indicator on water consumption (mainly attributable to the agricultural phase). 
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Figure 6-4 WEF indicators (corn). 

 

Figure 6-5 WEF indicators (steam-cooked corn). 

 

Bean 

In the case of bean, the comparison between irrigation systems is quite simple. In fact, all the indicators 

identify the samples with pivot irrigation as clearly better than those with sprinkler irrigation, which 

however constitute a greater percentage of the systems present in the crop fileds. 

In addition to the agricultural phase, the best performance of pivot irrigation results significant also with 

respect to the entire life cycle of the finished product. 
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Figure 6-6 WEF indicators (bean). 

 

Figure 6-7 WEF indicators (steam-cooked beans). 

 

To further test the impact of consumption optimisation, the WEF indicators are calculated with respect to 

the best water management practices identified for the various water management scenarios. 

A first comparison is made for hose irrigation systems as the sampled data for Northern, Central and 

Southern Italy presented different specific diesel consumptions. The values of the WEF indicator are 

therefore graphed as the consumption of diesel for irrigation varies. Triangle icons show current specific 

consumption for each area. 
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As shown in Figure 6-8, even with consumption well below the currently recorded minimum, the WEF 

indicator for hose irrigation in Northern Italy is still lower than the crop average (indicator below 1). 

 

 

Figure 6-8 WEF score (sensitivity analysis for hose irrigation). 

The same type of comparison is carried out for sprinkler irrigation systems applied to the cultivation of 

tomato, bean and corn. 

As shown in Figure 6-9, even with consumption well below the currently recorded minimum, also the WEF 

indicator for corn and bean with sprinkler irrigation in Northern Italy is still lower than the crop average 

(indicator below 1). 
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Figure 6-9 WEF score (sensitivity analysis for sprinkler irrigation). 

 

With the aim of avoiding comparisons between the different irrigation systems that may be influenced by 

other not-measured external factors, a theoretical comparison is assessed by replacing sprinkler irrigation 

with pivot irrigation for corn and beans and with hose irrigation for tomato. From a theoretical point of 

view and given the different irrigation efficiencies, pivot irrigation should guarantee a water saving of 12%, 

equal to about 44 kg water/kg of beans and 12 kg water/kg of corn, while hose irrigation should allow water 

savings of 16%, equal to about 2.55 kg water/kg of tomatoes. In addition to the change in water 

consumption, the change of the irrigation system in the sampled data with sprinkler irrigation is carried out 

also changing the specific diesel consumption and the production and waste treatment of plastic materials 

(representative for hose irrigation). 

 

As reported in Figures 6-10 and 6-11, it is possible to see how the transition from sprinkler to pivot leads 

to a significant improvement in WEF performance, with an increase in the single score of 28.2% for corn 

and 32.5% for beans (with all the environmental indicators exceeding the average of the crop). 

A different scenario is instead that of the transition from a sprinkler to hose for the tomato as the reduction 

in water consumption is negatively offset by the increase in energy consumption due to the manufacture of 

the hoses. The GWP also showed a slight deterioration, but overall, the WEF score recorded an 

improvement of 4.2% (Figure 6-12). 
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Figure 6-10 WEF indicators (bean, comparison of pivot and sprinkler irrigation). 

 

 

Figure 6-11 WEF indicators (corn, comparison of pivot and sprinkler irrigation). 
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Figure 6-12 WEF indicators (tomato, comparison of hose and sprinkler irrigation). 

6.2. CROP CULTIVATION: SCENARIOS OF CLIMATE CHANGE ADAPTATION 

This paragraph presents the environmental results of an agronomic study (Del Borghi et al., 2022; Paleari 

et al., 2020; Ravasi et al., 2020) aimed at identifying optimal genotype for the analysed crops, able to face 

and adapt to future climate change scenarios. The study identified two different site for data collection: site 

A near Piacenza and site B near Ravenna. The agronomic simulation was performed by the “Cassandra 

Lab” research centre of the University of Milan: a synergic and iterative approach allowed to identify the 

genotypes subsequently assessed in this study. 

Climate change scenarios were derived using the LARS-WG climate generator (Semenov et al., 2002). The 

meteorological data of the historical reference series (baseline, 1986-2005) were provided by the European 

Centre for Medium-Range Weather Forecast (ECMWF) while the expected temperature and precipitation 

variations for different climate change scenarios were derived from the data provided by the IPCC (IPCC, 

2021). 

To manage the uncertainty associated with the generation of medium-long term climate scenarios, the 

climate projections provided by two different global circulation models (GCM) were used  - GISS GCM 

Model II (Rosenzweig & Abramopoulos, 1997) and HadGEM2 (Collins et al., 2011) – and two different 

CO2 emission scenarios were applied (Representative Concentration Pathways, RCP), one more optimistic 

(RCP4.5) and one more pessimistic (RCP8.5). 

The first involves reducing emissions in the short to medium term, while the second envisages very limited 

mitigation strategies and persistence in the use of fossil fuels. 
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In particular: 

• RCP8.5 takes a "business-as-usual" approach. By 2100, atmospheric CO2 concentrations have 

tripled or quadrupled compared to pre-industrial levels; 

• RCP4.5 (medium-low) is a stabilization scenario and assumes that some initiatives are undertaken 

in order to control emissions. By 2070, CO2 emissions fall below current levels and atmospheric 

concentration stabilizes by the end of the century at about twice the pre-industrial levels. 

Each scenario implies a different degree of climate change produced by human activities (for example, each 

RCP shows a different amount of additional heat stored in the Earth system as a result of greenhouse gas 

emissions) (Intergovernmental Panel on Climate Change, 2014b).  

To take into account the inter-annual climate variability, a time window of twenty years was used, both for 

future scenarios, centred on 2040 (2030-2049), and for the baseline. The analysis of the climatic projections 

obtained for the four combinations of RCP and GCM then allowed to identify the two scenarios RCP4.5-

GISS GCM Model II and RCP8.5 HadGEM2, (henceforth in the text, respectively RCP4.5-GISS and 

RCP8.5-HAD) as representative of the variability obtained in the climate projections in the study areas.  

In particular, the RCP4.5-GISS scenario was the most favourable, with fairly moderate thermal gains over 

the medium term, while the RCP8.5-HAD scenario showed significantly more pronounced thermal 

anomalies especially in the summer (Figure 6-13). 

 

 

Figure 6-13 Expected monthly thermal increments (°C) compared to the reference climatic series (baseline,1986-

2005) for the two climate change scenarios considered (RCP4.5-GISS and RCP8.5-HAD) in the time window 2030-

2049. The arrows represent the period in which the different crops are present in the field (e: early; l: late). 
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With regard to precipitation, there are no noticeable variations between future scenarios and the baseline in 

terms of average annual volumes, with increases of 10 mm per year in the RCP4.5-GISS scenario and 

reductions of 30 mm for the RCP8.5 scenario on site A and increases of 20 and 30 mm for site B, 

respectively for the RCP4.5-GISS and RCP8.5-HAD scenario (Figure 6-14). The major differences, on the 

other hand, relate to the distribution of rainfall events throughout the year, especially for the RCP8.5-HAD 

scenario, where there may be significant increases in monthly precipitation volumes in the spring months 

(up to April) and substantial reductions during the months from May to September (up to -40% in 

September for site B). However, this change was less marked in the RCP4.5-GISS scenario and anticipated 

in the months between April and June, with reductions on average of 20% for both sites. 

 

 

Figure 6-14 Variation in expected monthly precipitation volume (%) compared to baseline (1986-2005) in the two 

climate change scenarios considered (RCP4.5-GISS and RCP8.5-HAD) in the time window 2030-2049.  Graph on 

the left: site A; graph on the right: site B. 

 

The task of defining the optimal genotypes (i.e. ideotypes) for the different scenarios was performed using 

the EFAST sensitivity analysis method (Extended Fourier Sensitivity Test) (Saltelli et al., 1999; Tarantola 

& Becker, 2015), chosen as the best compromise between exploration effectiveness of hyperspace 

parameters and required computational time (Confalonieri et al., 2010). The distributions of the parameters 

corresponding to the analysed phenotypic traits were derived from the traits measured directly in the field, 

if available, or assuming a normal distribution with an average equal to the value obtained in calibration 

and standard deviation equal to 5% of the same. In the sensitivity analysis studies this is, in fact, the standard 

approach used if insufficient information is available to derive reliable distributions (Richter et al., 2010). 

The parameters involved in the sensitivity analysis study were nine for pea, twenty for bean, four for corn 

and eighteen for tomato. 

The potential ideotypes, obtained by exploring the hyperspace of the parameters through sensitivity 

analysis, were ordered according to their productive performance and evaluated considering both the yield 
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and its stability. Furthermore, in order not to significantly increase the quantity of irrigation water in future 

scenarios, the ideotypes have also been chosen so as not to carry out more irrigation per hectare than the 

current scenario. 

 

All data used in the analysis related to yield, fertilisation, irrigation and the number of irrigation 

interventions of all the combinations studied, were provided by the “Cassandra Lab” research centre of 

the University of Milan (Table 6-14 – 6-17). 

Table 6-14 LCI data (pea). 

No. Crop Province 
Climate 

scenario 
Genotype Management 

Yield 

[t/ha] 

Urea 

[kg-

N/ha] 

Irrigation 

[mm/ha] 

N° 

irrigations 

1 Pea Piacenza Baseline Current No adaptation 5.536 36 35.6 1.4 

2 Pea Piacenza RCP4.5_GISS Current No adaptation 5.348 36 43.8 1.6 

3 Pea Piacenza RCP8.5_HAD Current No adaptation 4.864 36 35.5 1.5 

4 Pea Piacenza RCP4.5_GISS Ideotype Current sowing 5.332 34.42 33.8 1.35 

5 Pea Piacenza RCP8.5_HAD Ideotype Current sowing 5.012 35.05 29.5 1.35 

6 Pea Piacenza RCP4.5_GISS Ideotype 
Sow 15 days 

before 
5.468 34.83 35.8 1.4 

7 Pea Piacenza RCP8.5_HAD Ideotype 
Sow 15 days 

before 
5.224 34.71 26.3 1.2 

8 Pea Ravenna Baseline Current No adaptation 5.28 36 31 1.35 

9 Pea Ravenna RCP4.5_GISS Current No adaptation 4.864 36 41.3 1.6 

10 Pea Ravenna RCP8.5_HAD Current No adaptation 4.62 36 33.8 1.4 

11 Pea Ravenna RCP4.5_GISS Ideotype Current sowing 5.116 34.63 31.3 1.35 

12 Pea Ravenna RCP8.5_HAD Ideotype Current sowing 4.816 36.72 31.8 1.35 

13 Pea Ravenna RCP4.5_GISS Ideotype 
Sow 15 days 

before 
5.784 36.38 29.7 1.3 

14 Pea Ravenna RCP8.5_HAD Ideotype 
Sow 15 days 

before 
5.548 36.68 31 1.3 

Table 6-15 LCI data (corn). 

No. Crop Province 
Climate 

scenario 
Genotype Management 

Yield 

[t/ha] 

Urea 

[kg-

N/ha] 

Irrigation 

[mm/ha] 

N° 

irrigations 

1 Early corn Piacenza Baseline Current No adaptation 16.235 200 207.3 5.75 

2 Early corn Piacenza RCP4.5_GISS Current No adaptation 15.74 200 214.3 5.95 

3 Early corn Piacenza RCP8.5_HAD Current No adaptation 14.529 200 191.8 5.35 

4 Early corn Piacenza RCP4.5_GISS Ideotype Current sowing 16.853 209.53 226.3 6.25 

5 Early corn Piacenza RCP8.5_HAD Ideotype Current sowing 15.912 197.37 205.8 5.7 

6 Early corn Piacenza RCP8.5_HAD Ideotype Early sowing 15.951 198.31 205.6 5.7 

7 Late corn Piacenza Baseline Current No adaptation 15.382 170 184.7 5.15 

8 Late corn Piacenza RCP4.5_GISS Current No adaptation 14.858 170 186.9 5.2 

9 Late corn Piacenza RCP8.5_HAD Current No adaptation 13.539 170 185.1 5.15 

10 Late corn Piacenza RCP4.5_GISS Ideotype Current sowing 14.5 165.25 182.9 5.1 

11 Late corn Piacenza RCP8.5_HAD Ideotype Current sowing 14.672 166.25 209.1 5.75 

12 Late corn Piacenza RCP4.5_GISS Ideotype Early sowing 15.368 171.2 200.7 5.55 

13 Late corn Piacenza RCP8.5_HAD Ideotype Early sowing 15.618 173.62 222.1 6.1 
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Table 6-16 LCI data (tomato). 

No. Crop Province 
Climate 

scenario 
Genotype Management 

Yield 

[t/ha] 

Urea 

[kg-

N/ha] 

Irrigation 

[mm/ha] 

N° 

irrigations 

1 
Early 

tomato 
Piacenza Baseline Current Current sowing 86.62 140 175.8 4.95 

2 
Early 

tomato 
Piacenza RCP4.5_GISS Current Current sowing 84.07 140 186.2 5.2 

3 
Early 

tomato 
Piacenza RCP8.5_HAD Current Current sowing 69.73 140 180.4 5.05 

4 
Early 

tomato 
Piacenza RCP4.5_GISS Ideotype Current sowing 87.01 131.79 190.4 5.3 

5 
Early 

tomato 
Piacenza RCP8.5_HAD Ideotype Current sowing 77.87 125.89 190.4 5.3 

6 
Early 

tomato 
Ravenna Baseline Current Current sowing 82.87 140 173.8 4.85 

7 
Early 

tomato 
Ravenna RCP4.5_GISS Current Current sowing 78.79 140 188 5.25 

8 
Early 

tomato 
Ravenna RCP8.5_HAD Current Current sowing 66.48 140 155.8 4.5 

9 
Early 

tomato 
Ravenna RCP4.5_GISS Ideotype Current sowing 85.19 137.08 198 5.5 

10 
Early 

tomato 
Ravenna RCP8.5_HAD Ideotype Current sowing 74.76 126.85 167.8 4.8 

11 Late tomato Piacenza Baseline Current Current sowing 88.88 117 169 4.8 

12 Late tomato Piacenza RCP4.5_GISS Current Current sowing 81.6 117 168.1 4.75 

13 Late tomato Piacenza RCP8.5_HAD Current Current sowing 60.96 117 165.4 4.7 

14 Late tomato Piacenza RCP4.5_GISS Ideotype Current sowing 92.83 114.27 175.1 4.9 

15 Late tomato Piacenza RCP8.5_HAD Ideotype Current sowing 69.47 91.34 167.2 4.75 

16 Late tomato Piacenza RCP8.5_HAD Ideotype Early sowing 74.51 99.41 187 5.2 

17 Late tomato Ravenna Baseline Current Current sowing 83.47 117 158.8 4.5 

18 Late tomato Ravenna RCP4.5_GISS Current Current sowing 76.09 117 169 4.75 

19 Late tomato Ravenna RCP8.5_HAD Current Current sowing 56.11 117 167.1 4.7 

20 Late tomato Ravenna RCP4.5_GISS Ideotype Current sowing 85.29 115.03 175 4.9 

21 Late tomato Ravenna RCP8.5_HAD Ideotype Current sowing 60.72 85.88 159.1 4.5 

22 Late tomato Ravenna RCP8.5_HAD Ideotype Early sowing 66.14 95.54 160 4.55 
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Table 6-17 LCI data (bean). 

No. Crop Province 
Climate 

scenario 
Genotype Management 

Yield 

[t/ha] 

Urea 

[kg-

N/ha] 

Irrigation 

[mm/ha] 

N° of 

irrigations 

1 Bean Piacenza Baseline Current No adaptation 5.128 50 172.1 6.1 

2 Bean Piacenza RCP4.5_GISS Current No adaptation 4.88 50 184.3 6.5 

3 Bean Piacenza RCP8.5_HAD Current No adaptation 3.966 50 162.5 5.9 

4 Bean Piacenza RCP4.5_GISS Ideotype Current sowing 5.252 49.2 166.3 5.9 

5 Bean Piacenza RCP8.5_HAD Ideotype Current sowing 4.77 46.5 146.5 5.7 

6 Bean Piacenza RCP8.5_HAD Ideotype 
Sow 15 days 

before 
5.032 48.3 163.8 5.85 

 

Urea is considered as a nitrogen fertilizer for the fertilizing phase. All data related to the agricultural phase 

refer to 1 ha of cultivated area. The input data for chemical treatments have been calculated based on the 

data provided by Conserve Italia. In fact, once the quantity of chemical treatments performed to obtain 

certain yields is known (4.19 t/ha for bean, 5.94 t/ha for pea, 14.43 t/ha for the sweet corn and 86.5 t/ha for 

tomato), the quantity of chemical treatments performed for each combination analysed was calculated by 

means of a proportion.  

A similar procedure was carried out for the calculation of the packaging, considering in this case, not the 

yield but the quantity of fertilizers and chemical treatments. In Tables 6-18 – 6-21, results of the calculations 

made for chemical treatments and packaging for each combination and the water consumption expressed 

in m3/ha are reported. 

For the calculation of diesel consumption for irrigation, a value of 10 l/single irrigation was considered, 

since in the simulation an irrigation efficiency of 85% was assumed for all crops. This value can be deduced 

from the data provided by Conserve Italia. 

For the calculation of diesel consumption for fertilisation and for chemical treatments, proportions have 

been made starting from the data on the cultivation of Conserve Italia. In particular, with regard to the 

consumption of diesel used for spreading fertilizers, this was proportionally calculated for each combination 

analysed knowing the amount of fertiliser used. 

A similar procedure was carried out for the calculation of diesel consumption for chemical treatments. 

Assuming that land operations for each crop are kept the same as for the Conserve Italia crops, a constant 

diesel consumption was considered for each crop: 186.38 l/ha for beans, 185.5 l/ha for peas, 96.26 l/ha for 

sweet corn and 187.2 l/ha for tomatoes. 
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Table 6-18 Diesel consumption, pesticides and packaging (bean). 

No. Crop Province 
Pesticides 

[kg/ha] 

Packaging 

[kg/ha] 

Diesel for 

irrigation 

[l/ha] 

Diesel for 

pesticides 

[l/ha] 

Diesel for 

fertilisers 

[l/ha] 

Total 

diesel 

[l/ha] 

1 Bean Piacenza 12.8 2.65 61 15.15 2.48 265 

2 Bean Piacenza 12.18 2.63 65 14.41 2.48 268.26 

3 Bean Piacenza 9.9 2.53 59 11.71 2.48 259.56 

4 Bean Piacenza 13.11 2.63 59 15.51 2.43 263.32 

5 Bean Piacenza 11.91 2.47 57 14.09 2.3 259.77 

6 Bean Piacenza 12.56 2.57 58.5 14.86 2.39 262.13 

Table 6-19 Diesel consumption, pesticides and packaging (pea). 

No. Crop Province 
Pesticides 

[kg/ha] 

Packaging 

[kg/ha] 

Diesel for 

irrigation 

[l/ha] 

Diesel for 

pesticides 

[l/ha] 

Diesel for 

fertilisers 

[l/ha] 

Total 

diesel 

[l/ha] 

1 Pea Piacenza 4.86 2 14 9.51 2.52 211.52 

2 Pea Piacenza 4.7 2 16 9.18 2.52 213.2 

3 Pea Piacenza 4.27 1.98 15 8.35 2.52 211.37 

4 Pea Piacenza 4.69 1.92 13.5 9.16 2.41 210.56 

5 Pea Piacenza 4.4 1.94 13.5 8.61 2.45 210.06 

6 Pea Piacenza 4.81 1.94 14 9.39 2.44 211.33 

7 Pea Piacenza 4.59 1.93 12 8.97 2.43 208.9 

8 Pea Ravenna 4.64 1.99 13.5 9.07 2.52 210.58 

9 Pea Ravenna 4.27 1.98 16 8.35 2.52 212.37 

10 Pea Ravenna 4.06 1.96 14 7.93 2.52 209.95 

11 Pea Ravenna 4.5 1.92 13.5 8.79 2.42 210.21 

12 Pea Ravenna 4.23 2.01 13.5 8.27 2.57 209.84 

13 Pea Ravenna 5.08 2.03 13 9.93 2.54 210.98 

14 Pea Ravenna 4.88 2.04 13 9.53 2.57 210.59 

Table 6-20 Diesel consumption, pesticides and packaging (corn). 

No. Crop Province 
Pesticides 

[kg/ha] 

Packaging 

[kg/ha] 

Diesel for 

irrigation 

[l/ha] 

Diesel for 

pesticides 

[l/ha] 

Diesel for 

fertilisers 

[l/ha] 

Total 

diesel 

[l/ha] 

1 Early corn Piacenza 25.72 3.25 57.5 12.24 5.91 171.9 

2 Early corn Piacenza 24.94 3.24 59.5 11.86 5.91 173.52 

3 Early corn Piacenza 23.02 3.21 53.5 10.95 5.91 166.61 

4 Early corn Piacenza 26.7 3.4 62.5 12.7 6.19 177.64 

5 Early corn Piacenza 25.21 3.21 57 11.99 5.83 171.08 

6 Early corn Piacenza 25.27 3.22 57 12.02 5.86 171.13 

7 Late corn Piacenza 24.37 2.8 51.5 11.59 5.02 164.37 

8 Late corn Piacenza 23.54 2.79 52 11.2 5.02 164.47 

9 Late corn Piacenza 21.45 2.76 51.5 10.2 5.02 162.98 

10 Late corn Piacenza 22.97 2.71 51 10.93 4.88 163.06 

11 Late corn Piacenza 23.24 2.73 57.5 11.06 4.91 169.72 

12 Late corn Piacenza 24.35 2.82 55.5 11.58 5.06 168.39 

13 Late corn Piacenza 24.74 2.86 61 11.77 5.13 174.15 
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Table 6-21 Diesel consumption, pesticides and packaging (tomato). 

No. Crop Province 
Pesticides 

[kg/ha] 

Packaging 

[kg/ha] 

Diesel for 

irrigation 

[l/ha] 

Diesel for 

pesticides 

[l/ha] 

Diesel for 

fertilisers 

[l/ha] 

Total 

diesel 

[l/ha] 

1 Early tomato Piacenza 34.67 58.64 49.5 32.15 7.55 276.39 

2 Early tomato Piacenza 33.65 58.29 52 31.2 7.55 277.95 

3 Early tomato Piacenza 27.91 56.37 50.5 25.88 7.55 271.13 

4 Early tomato Piacenza 34.82 55.93 53 32.29 7.11 279.6 

5 Early tomato Piacenza 31.16 52.72 53 28.9 6.79 275.88 

6 Early tomato Ravenna 33.17 58.13 48.5 30.75 7.55 274 

7 Early tomato Ravenna 31.53 57.58 52.5 29.24 7.55 276.49 

8 Early tomato Ravenna 26.61 55.93 45 24.67 7.55 264.42 

9 Early tomato Ravenna 34.1 57.46 55 31.61 7.39 281.21 

10 Early tomato Ravenna 29.92 52.63 48 27.74 6.84 269.78 

11 Late tomato Piacenza 35.57 51.22 48 32.98 6.31 274.49 

12 Late tomato Piacenza 32.66 50.24 47.5 30.28 6.31 271.29 

13 Late tomato Piacenza 24.4 47.47 47 22.62 6.31 263.13 

14 Late tomato Piacenza 37.15 50.83 49 34.45 6.16 276.81 

15 Late tomato Piacenza 27.8 40 47.5 25.78 4.93 265.4 

16 Late tomato Piacenza 29.82 43.38 52 27.65 5.36 272.21 

17 Late tomato Ravenna 33.41 50.49 45 30.97 6.31 269.48 

18 Late tomato Ravenna 30.45 49.5 47.5 28.24 6.31 269.25 

19 Late tomato Ravenna 22.46 46.82 47 20.82 6.31 261.33 

20 Late tomato Ravenna 34.14 50.07 49 31.65 6.2 274.05 

21 Late tomato Ravenna 24.3 36.99 45 22.53 4.63 259.37 

22 Late tomato Ravenna 26.47 40.96 45.5 24.55 5.15 262.4 

 

The calculation procedure for fertiliser emissions follows the same methodology used in paragraph 4.2.2. 

 

After data collection, the impact of the cultivation phase for all the scenarios concerning the four crops was 

assessed. 

Table 6-22 shows, for each scenario analysed for beans and for the four indicators considered, the 

percentage variations in impact compared to the "Baseline climate scenario, with current genotype, without 

adaptation". 

Table 6-22 Results for bean (comparison of future scenarios with the baseline). 

No. Crop Province 
Climate 

scenario 
Genotype Management Δ% CF Δ% WF Δ% EF Δ% CED 

1 Bean Piacenza Baseline Current No adaptation - - - - 

2 Bean Piacenza RCP4.5_GISS Current No adaptation 5.4% 12.5% 5.4% 5.3% 

3 Bean Piacenza RCP8.5_HAD Current No adaptation 25.5% 22.1% 24.2% 24.6% 

4 Bean Piacenza RCP4.5_GISS Ideotype Current sowing -3.0% -5.6% -2.8% -2.7% 

5 Bean Piacenza RCP8.5_HAD Ideotype Current sowing 3.3% -2.2% 4.1% 4.3% 

6 Bean Piacenza RCP8.5_HAD Ideotype 
Sow 15 days 

before 
0.0% -2.9% 0.4% 0.5% 
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Focusing on the management without adaptation, it is clear that the current genotype in future climate 

scenarios, compared to the current baseline, will have greater environmental impacts, with much higher 

levels for the pessimistic RCP8.5 scenario compared to the optimistic RCP4.5 scenario. In the former 

scenario, the increases range from 22.1% for the WF to 25.5% for the CF, while the latter scenario has more 

limited increases ranging from 5.3% for the CED to 12.5% for the WF.  

This increase in impacts is mainly due to the reduction in yields (5.128 t/ha for the baseline, 4.88 t/ha for 

the RCP4.5 scenario and 3.966 t/ha for the RCP8.5 scenario) which increases the specific input 

consumption for 1 kg of crop.   

Figure 6-15 shows, for each analysed scenario, the four environmental impact indicators considered in the 

study, expressed as a percentage variation compared to the Baseline scenario. 

Defining an ideotype and maintaining the same crop management, it can be seen how, for the optimistic 

scenario RCP4.5, it is possible to obtain reductions for all four indicators. In particular, by making a 

comparison between the RCP4.5 scenario with current genotype and the ideotype, a gap of about 18% can 

also be observed (+12.5% versus -5.6% in the case of WF). 

 

Figure 6-15 Results for bean (comparison of future scenarios with the baseline). 

 

Instead, for the RCP8.5 scenario, using an ideotype and maintaining the same crop management generate 

no reductions compared to the current baseline, with the exception of the WF (-2.2%). However, the 

definition of the ideotype offers considerable advantages for all four indicators (over 20% gaps) with 

respect to the current genotype. 

Moreover, modifying the management and therefore anticipating the sowing of 15 days allow the impacts 

to remain approximately equal to those of the current baseline (with increases <1%) for the CF, EF, CED 

and 2.9% lower for WF. The anticipation of sowing, combined with the use of an ideotype, makes it possible 
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to further reduce the impacts with respect to the current genotype and crop management in the RCP8.5 

scenario. 

 

Table 6-23 shows, for each scenario analysed for the pea (for both the provinces of Piacenza and Ravenna) 

and for the four indicators considered, the percentage variations in impact compared to the "Baseline 

climate scenario, with current genotype, without adaptation". 

Table 6-23 Results for pea (comparison of future scenarios with the baseline). 

No. Crop Province 
Climate 

scenario 
Genotype Management Δ% CF Δ% WF Δ% EF Δ% CED 

1 Pea Piacenza Baseline Current No adaptation - - - - 

2 Pea Piacenza RCP4.5_GISS Current No adaptation 3.9% 26.7% 3.9% 3.8% 

3 Pea Piacenza RCP8.5_HAD Current No adaptation 13.2% 13.5% 13.0% 13.0% 

4 Pea Piacenza RCP4.5_GISS Ideotype Current sowing 2.0% -1.2% 2.6% 2.6% 

5 Pea Piacenza RCP8.5_HAD Ideotype Current sowing 8.7% -7.9% 8.9% 9.0% 

6 Pea Piacenza RCP4.5_GISS Ideotype 
Sow 15 days 

before 
0.1% 1.7% 0.7% 0.6% 

7 Pea Piacenza RCP8.5_HAD Ideotype 
Sow 15 days 

before 
3.8% -20.8% 4.1% 4.3% 

8 Pea Ravenna Baseline Current No adaptation - - - - 

9 Pea Ravenna RCP4.5_GISS Current No adaptation 8.8% 43.1% 8.8% 8.7% 

10 Pea Ravenna RCP8.5_HAD Current No adaptation 13.5% 24.0% 13.3% 13.3% 

11 Pea Ravenna RCP4.5_GISS Ideotype Current sowing 1.7% 3.9% 2.4% 2.3% 

12 Pea Ravenna RCP8.5_HAD Ideotype Current sowing 9.7% 12.2% 9.1% 9.2% 

13 Pea Ravenna RCP4.5_GISS Ideotype 
Sow 15 days 

before 
-8.0% -12.5% -8.0% -8.0% 

14 Pea Ravenna RCP8.5_HAD Ideotype 
Sow 15 days 

before 
-4.1% -4.9% -4.3% -4.3% 

 

Also for the pea, it can be observed how, with the current genotype without adaptation (for both provinces) 

in the two future scenarios there is an increase of all the indicators. In this case, unlike the bean, the WF 

value is higher for the RCP4.5 scenario compared to the RCP8.5 scenario, due to the greater quantity of 

water required for irrigation. 

Figure 6-16 (province of Piacenza) and Figure 6-17 (province of Ravenna) show, for each analysed 

scenario, the four environmental indicators considered in the study, expressed as a percentage variation 

compared to the “Baseline climate scenario (current) with current genotype without adaptation”. 
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Figure 6-16 Results for pea (comparison of future scenarios with the baseline) - Piacenza. 

 

Figure 6-17 Results for pea (comparison of future scenarios with the baseline) - Ravenna. 

 

Using an ideotype but not adopting crop management adaptation strategies, an improvement can be 

observed comparing the same climatic scenarios. This improvement is more or less evident depending on 

the indicators and province considered. The most significant reduction can be seen for the WF indicator: in 

fact, for the RCP4.5 scenario for the province of Piacenza, it decreases from +26.7% to -1.2% compared to 

the current baseline, whereas for the province of Ravenna it decreases from a +43.1% to 3.9%. Also for the 

RCP8.5 scenario, considerable reductions are observed in both provinces for all indicators and, in particular, 

for Ravenna a WF reduction of 7.9% is obtained compared to the actual baseline. 

By anticipating the sowing of 15 days, a reduction in the impacts is also observed for the pea, with more 

marked differences for the province of Ravenna. In fact, for all the four indicators a reduction is obtained, 

both for the RCP4.5 and RCP8.5 scenario, not only with respect to the same scenarios with the use of the 

current genotype but also with respect to the actual current baseline. 
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Table 6-24 shows, for each scenario analysed for sweet corn (both with early and late sowing) and for the 

four indicators considered, the percentage changes in environmental impact compared to the "Baseline 

climate scenario (current) with current genotype without adaptation". 

Table 6-24 Results for corn (comparison of future scenarios with the baseline). 

No. Crop Province 
Climate 

scenario 
Genotype Management Δ% CF Δ% WF Δ% EF Δ% CED 

1 
Early 

corn 
Piacenza Baseline Current No adaptation - - - - 

2 
Early 

corn 
Piacenza RCP4.5_GISS Current No adaptation 3.1% 6.6% 3.0% 2.9% 

3 
Early 

corn 
Piacenza RCP8.5_HAD Current No adaptation 10.0% 3.5% 8.4% 8.6% 

4 
Early 

corn 
Piacenza RCP4.5_GISS Ideotype Current sowing 0.6% 5.1% 0.3% 0.3% 

5 
Early 

corn 
Piacenza RCP8.5_HAD Ideotype Current sowing 0.8% 1.3% 0.9% 0.9% 

6 
Early 

corn 
Piacenza RCP8.5_HAD Ideotype Early sowing 1.0% 1.0% 0.9% 0.9% 

7 
Late 

corn 
Piacenza Baseline Current No adaptation - - - - 

8 
Late 

corn 
Piacenza RCP4.5_GISS Current No adaptation 3.2% 4.7% 2.9% 2.8% 

9 
Late 

corn 
Piacenza RCP8.5_HAD Current No adaptation 12.1% 13.9% 10.7% 10.7% 

10 
Late 

corn 
Piacenza RCP4.5_GISS Ideotype Current sowing 3.3% 5.0% 3.4% 3.2% 

11 
Late 

corn 
Piacenza RCP8.5_HAD Ideotype Current sowing 3.5% 18.5% 4.3% 3.9% 

12 
Late 

corn 
Piacenza RCP4.5_GISS Ideotype Early sowing 1.1% 8.7% 1.3% 1.2% 

13 
Late 

corn 
Piacenza RCP8.5_HAD Ideotype Early sowing 1.3% 18.2% 1.9% 1.7% 

 

Even for sweet corn, it can be observed a more limited worsening in the case of the two future scenarios 

compared to bean and pea. The increase in impacts is greater for late corn with values ranging from +2.9% 

for CED to +4.7% for WF in the RCP4.5 scenario and values from +10.7 % for CED to +13.9% for WF in 

the RCP8.5 scenario. 

Figure 6-18 (early corn) and Figure 6-19 (late corn) show, for each scenario, the four environmental impact 

indicators considered in the study, expressed as a percentage compared to the "Baseline climate scenario 

(current) with current genotype without adaptation". 
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Figure 6-18 Results for early corn (comparison of future scenarios with the baseline). 

 

Figure 6-19 Results for late corn (comparison of future scenarios with the baseline). 

 

Using the ideotype but not performing crop management adaptation strategies in future scenarios it is 

possible to obtain comparable CF, WF, EF and CED values with those of the current baseline, especially 

for early corn in which the increase in impacts is less than 1.5%, except for the WF in the RCP4.5 scenario 

(+5.1%). 

For late corn there are higher increases in all categories compared to the current baseline with values ranging 

from +3.3% for the CF in the RCP4.5 scenario to +18.5% for the WF in the RCP8.5 scenario. Unlike bean 

and pea, anticipating corn sowing generates no significant improvements if any. 

However, through the simulations no efficient solutions have been found such as to maintain the yield close 

to that of the current baseline and, therefore, this result is the best compromise. 
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Table 6-25 shows, for each scenario analysed for tomato (both with early and late sowing) and for the four 

indicators considered, the percentage changes in environmental impact compared to the "Baseline climate 

scenario (current) with current genotype and current sowing". 

Table 6-25 Results for tomato (comparison of future scenarios with the baseline). 

No. Crop Province 
Climate 

scenario 
Genotype Management Δ% CF Δ% WF Δ% EF Δ% CED 

1 
Early 

tomato 
Piacenza Baseline Current Current sowing - - - - 

2 
Early 

tomato 
Piacenza RCP4.5_GISS Current Current sowing 2.8% 9.1% 2.7% 2.6% 

3 
Early 

tomato 
Piacenza RCP8.5_HAD Current Current sowing 20.3% 27.5% 18.1% 17.9% 

4 
Early 

tomato 
Piacenza RCP4.5_GISS Ideotype Current sowing -3.2% 7.7% -1.6% -2.2% 

5 
Early 

tomato 
Piacenza RCP8.5_HAD Ideotype Current sowing 3.6% 20.3% 5.3% 4.3% 

6 
Early 

tomato 
Ravenna Baseline Current Current sowing - - - - 

7 
Early 

tomato 
Ravenna RCP4.5_GISS Current Current sowing 4.8% 13.7% 4.6% 4.4% 

8 
Early 

tomato 
Ravenna RCP8.5_HAD Current Current sowing 20.1% 11.9% 17.6% 17.7% 

9 
Early 

tomato 
Ravenna RCP4.5_GISS Ideotype Current sowing -2.6% 10.7% -1.6% -1.9% 

10 
Early 

tomato 
Ravenna RCP8.5_HAD Ideotype Current sowing 3.2% 6.9% 4.6% 3.8% 

11 
Late 

tomato 
Piacenza Baseline Current Current sowing - - - - 

12 
Late 

tomato 
Piacenza RCP4.5_GISS Current Current sowing 7.1% 8.3% 6.3% 6.2% 

13 
Late 

tomato 
Piacenza RCP8.5_HAD Current Current sowing 36.9% 42.7% 32.5% 32.2% 

14 
Late 

tomato 
Piacenza RCP4.5_GISS Ideotype Current sowing -4.4% -0.9% -3.5% -3.7% 

15 
Late 

tomato 
Piacenza RCP8.5_HAD Ideotype Current sowing 8.4% 26.2% 11.9% 9.8% 

16 
Late 

tomato 
Piacenza RCP8.5_HAD Ideotype Early sowing 7.2% 31.6% 9.6% 8.0% 

17 
Late 

tomato 
Ravenna Baseline Current Current sowing - - - - 

18 
Late 

tomato 
Ravenna RCP4.5_GISS Current Current sowing 8.3% 16.6% 7.6% 7.4% 

19 
Late 

tomato 
Ravenna RCP8.5_HAD Current Current sowing 40.3% 56.4% 36.0% 35.6% 

20 
Late 

tomato 
Ravenna RCP4.5_GISS Ideotype Current sowing -2.1% 7.7% -1.3% -1.5% 

21 
Late 

tomato 
Ravenna RCP8.5_HAD Ideotype Current sowing 11.9% 37.3% 16.6% 13.8% 

22 
Late 

tomato 
Ravenna RCP8.5_HAD Ideotype Early sowing 9.6% 26.8% 12.4% 10.6% 
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Also for the early and late tomato (for both provinces), it is clear how the current genotype in future climate 

scenarios will lead to greater environmental impacts, with higher levels for the pessimistic RCP8.5 scenario 

compared to the optimistic RCP4.5. The biggest differences between the optimistic RCP4.5 scenario and 

the pessimistic RCP8.5 scenario is found for the late tomato. 

For the early tomato in the province of Piacenza there are increases with the RCP4.5 scenario compared to 

the current baseline ranging from 2.8% for CED to 9.1% for WF while with the RCP8.5 scenario increases 

range from 17.9% for the CED to 27.5% for WF. 

In the province of Ravenna, the RCP4.5 scenario shows increases compared to the current baseline from 

4.8% for CED to 13.7% for WF, while for the RCP8.5 scenario it shows increases ranging from 11.9% for 

WF at to 20.1% for CF. 

For the late tomato the increase of the four indicators is on average higher and above 30% for the RCP8.5 

scenario (+ 42.7% for WF in the Piacenza site and +56.4% for WF in the Ravenna site). 

The graphs shown in Figures 6-20 and 6-21 (early tomato) and in Figures 6-22 and 6-23 (late tomato) show, 

for each analysed scenario, the four environmental impact indicators considered in the study, expressed as 

a percentage compared to the "Baseline climate scenario (current) with current genotype". 

 

 

Figure 6-20 Results for early tomato (comparison of future scenarios with the baseline) - Piacenza. 
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Figure 6-21 Results for early tomato (comparison of future scenarios with the baseline) - Ravenna. 

 

Figure 6-22 Results for late tomato (comparison of future scenarios with the baseline) - Piacenza. 

 

Figure 6-23 Results for late tomato (comparison of future scenarios with the baseline) - Ravenna. 
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The use of an ideotype for early tomatoes allows the reduction of impacts for both sites with respect to the 

same climate scenario. For the optimistic RCP4.5 scenario, in both sites the impacts are also slightly lower 

than the baseline climate scenario, with the exception of the WF whose values remain higher (+7.7% for 

Piacenza and +10.7% for Ravenna). For the RCP8.5 scenario reductions are observed with respect to the 

use of the current genotype in the same climate scenario (for example for the Piacenza site CF goes from a 

+20.3% to a +3.6% compared to the baseline), but compared to the baseline no reductions are observed in 

any site. 

Also for the late tomato the use of an ideotype in the RCP4.5 scenario allows to obtain a reduction in all 

the indicators. In this case, reductions are observed also with respect to the baseline with the exception of 

only the WF for the province of Ravenna, whose value remains +7.7%. 

In the RCP8.5 scenario, considerable reductions in the indicators are not feasible: this is due to the fact that 

it is a scenario with high temperature increases and low rainfall in conjunction with the crop cycle, and 

therefore it requires a greater input of resources to produce the same amount of product. 

A reduction in the indicators can be observed by anticipating the sowing as well as using an ideotype in the 

RCP8.5 scenario. For example, for the Piacenza site, there is a reduction in CF, WF and CED of about 3 

percentage points, but an increase in WF (from +26.2% to +31.6%). For the Ravenna site reductions are 

observed in all the indicators and, in particular, for the WF that goes from +37.3% to +26.8%. 

Major outcomes and relevant scenarios are summarised in Table 6-26. 
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Table 6-26 Major outcomes (best and worst scenarios) for future climate scenarios with respect to related baselines. 

Crop Province Worst scenario Best scenario Notes 

Bean Piacenza 

Variation between +22.1% 

(WF) to +25.5% (CF) for 

RCP8.5, current genotype 

and no management 

adaptation 

Variation between -5.6% 

(WF) to -2.7% (CED) for 

RCP4.5, optimal ideotype 

and current sowing 

Ideotype selection and early 

sowing are able to guarantee 

environmental impacts in 

line (or lower) with the 

current baseline for both 

RCP4.5 and RCP8.5 

Pea 

Piacenza 

Variation between +13.0% 

(EF and CED) to +13.5% 

(WF) for RCP8.5, current 

genotype and no 

management adaptation 

Variation between +0.1% 

(CF) to +1.7% (WF) for 

RCP4.5, optimal ideotype 

and early sowing 

Ideotype selection and early 

sowing may guarantee 

environmental impacts in 

line (or lower) with the 

current baseline for both 

RCP4.5 and RCP8.5, but the 

assessment is not uniform 

(especially for water 

demand). Nevertheless, pea 

is not a relevant water-

demanding crop so it should 

not represent a critical issue 

in future scenarios. 

Ravenna 

Variation between +13.3% 

(EF and CED) to +24% 

(WF) for RCP8.5, current 

genotype and no 

management adaptation 

Variation between -12.5% 

(WF) to -8.0% (CF, EF and 

CED) for RCP4.5, optimal 

ideotype and early sowing 

Early corn Piacenza 

Variation between +3.5% 

(WF) to +10.0% (CF) for 

RCP8.5, current genotype 

and no management 

adaptation 

Variation between +0.9% 

(EF and CED) to +1.0% 

(CF and WF) for RCP8.5, 

optimal ideotype and early 

sowing 

Ideotype selection and early 

sowing are only able to limit 

the increase in 

environmental impacts for 

both RCP4.5 and RCP8.5. 

Water demand represent a 

critical issue for late corn. 
Late corn Piacenza 

Variation between +10.7% 

(EF and CED) to +13.9% 

(WF) for RCP8.5, current 

genotype and no 

management adaptation 

Variation between +1.1% 

(CF) to +8.7% (WF) for 

RCP4.5, optimal ideotype 

and early sowing 

Early tomato 

Piacenza 

Variation between +17.9% 

(CED) to +27.5% (WF) for 

RCP8.5, current genotype 

and no management 

adaptation 

Variation between -3.2% 

(CF) to +7.7% (WF) for 

RCP4.5, optimal ideotype 

and current sowing 
Ideotype selection and early 

sowing are able to guarantee 

environmental impacts in 

line (or lower) with the 

current baseline only for 

both RCP4.5. RCP8.5 

scenarios show increase 

(even relevant for late 

tomato) in environmental 

impacts despite the 

application of optimal 

genotype and early sowing. 

Ravenna 

Variation between +11.9% 

(WF) to +20.1% (CF) for 

RCP8.5, current genotype 

and no management 

adaptation 

Variation between -2.6% 

(CF) to +10.7% (WF) for 

RCP4.5, optimal ideotype 

and current sowing 

Late tomato 

Piacenza 

Variation between +32.2% 

(CED) to +42.7% (WF) for 

RCP8.5, current genotype 

and no management 

adaptation 

Variation between -4.4% 

(CF) to -0.9% (WF) for 

RCP4.5, optimal ideotype 

and current sowing 

Ravenna 

Variation between +35.6% 

(CED) to +56.4% (WF) for 

RCP8.5, current genotype 

and no management 

adaptation 

Variation between -2.1% 

(CF) to +7.7% (WF) for 

RCP4.5, optimal ideotype 

and current sowing 
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7. CONCLUSIONS 

From the study carried out using the LCA methodology it was possible to identify the hot spots of the entire 

life cycle of manufactured food products and, therefore, to identify the phases in which a process 

optimisation is more necessary. From the results obtained on the finished products, it emerged that the life 

cycle phase with the greatest contribution to the Carbon Footprint, the Water Footprint, the Ecological 

Footprint and the Cumulative Energy Demand, is represented by the upstream processes. 

From the results shown in chapter 5, it is evident that, in line with the majority of the LCA studies carried 

out in the agri-food sector, the two macro-phases in which there are greater potential impacts regarding the 

CF, WF, EF and CED, are: the production of primary packaging (especially tinplate can and glass bottle) 

and the cultivation phase of the various crops. 

As regards the packaging material, potential improvement options can be represented by the transition to 

materials with lower energy consumption (such as plastic or paper packaging), and by an increase in the 

percentage of recycled content or the use of a packaging format of larger dimensions. 

From the analysis of the results of the cultivation phase, examined in depth in this study, it is possible to 

observe how crop production involves considerable environmental costs as it requires a significant amount 

of inputs that significantly influence the finished product. Diesel consumption by agricultural machinery is 

the predominant contribution to CF, EF and CED in all the analysed crops; while, as regards the WF, the 

phase that represents the prevailing contribution is the direct consumption of water used for irrigation. 

The significantly higher yield in the case of tomatoes (80.97 t/ha) compared to that of the bean (3.17 t/ha) 

allows an advantage in terms of environmental impacts for the crop. The difference in yields can also be 

observed using another indicator, namely the Land Use. For the bean a value of 1.166 m2yr/kg was obtained 

while for the tomato a value of 0.059 m2yr/kg. 

From the results obtained for the cultivation phase, it is therefore evident how, by optimizing both the 

consumption of diesel and water, it is possible to have considerable reductions of environmental impacts 

for all the indicators analysed for the WEF nexus. 

In paragraph 6.1, the definition of a unique WEF indicator allowed to define a baseline scenario for crop 

cultivation in the supply chain of Conserve Italia and to test the performance of specific combinations of 

geographical areas and irrigation systems. Focusing on process optimisation, the definition of a multi-

variable indicator allows pursuing an optimal trade-off among the different impacts and interests in place. 

Potential scenarios of diesel optimisation and irrigation system switch were also tested according to the 

WEF indicator. 
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From the study carried out on precision agriculture (paragraph 6.2), it emerged that in future scenarios (both 

in the optimistic RCP4.5 and in the pessimistic RCP8.5 scenario) the cultivation phase of bean, pea, sweet 

corn and tomato leads to an increase, even considerable, of the indicators considered in the study. 

This occurs because the increase in temperatures that characterises future climate projections negatively 

affects yields, with different reductions depending on the climate scenario considered and, consequently, 

in order to maintain the yield of these crops comparable with the current one, in future scenarios a greater 

quantity of energy and water input would be required. 

Among the different crops, the greatest yield drops are highlighted in the scenario characterised by the most 

pronounced thermal increases (RCP8.5), which determine a shortening of the vegetative cycle. As PA 

strategies, such as the use of management adaptation (early seeding) as well as genetic selection (ideotype), 

can lead to a potential reduction of impacts, the identification and application of such strategies in future 

climate scenarios are studied and compared to the use of the current genotype. Results show a strong 

reduction in all the impact categories with respect to the use of the current genotype depending on the 

indicator considered, the crop, the climate scenario and the site. For beans, the ideotype identified for the 

RCP4.5 scenario allows the reduction of the indicators not only with respect to the use of the current 

genotype in future climate scenarios, but also with respect to the baseline, thus allowing a reduction in the 

environmental impacts of the cultivated product. For peas and tomatoes (both early and late), reduction 

potentials depend on the different yields deriving from different sites, soils and favourable climatic 

conditions. This difference affects future scenarios as, both using a selected ideotype and the current 

genotype, yield variation persists among the sites inevitably leading to different environmental loads and 

impact reductions.When identifying the genotype options, PA alone would have selected several ideotypes 

in order to maximise the yield with respect to the baseline scenario. It is clear that PA approach offers 

several instruments for resource management and energy efficiency but, used by itself, it may lead to 

simplistic results as setting the objective function just at maximising the yield inevitably asks for energy 

and water consumption increase and generates higher impacts, especially in terms of water footprint. On 

the other side, a life cycle approach alone is not able to return an optimised predictive model of the 

cultivation systems analysed but it can play the role of a decision supporting methodology. Unlike PA, 

LCA directly focuses on the environmental analysis and a life cycle perspective is able to guide and better 

address the efforts and the outcomes of a PA optimisation process towards an overall sustainable system. 

In the case study analysed, a life cycle approach was able to target water consumption as a key parameter 

for the reduced water availability of future climate scenarios and to set a multi-objective function combining 

also such environmental aspects to the original goal of yield maximisation. As a result, the combination of 

PA with the LCA perspective potentially allow the path for an optimal trade-off of all the parameters 

involved and an overall reduction of the expected environmental impacts in future climate scenarios. 
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Even though for some impact categories the worsening of the cultivation phase may not consistently affect 

the environmental footprint of manufactured products, the selection of proper ideotype becomes crucial 

focusing on the water footprint of the products. In fact, water consumption is almost entirely related to the 

agricultural phase e water availability is going to become a major issue for crop cultivation in the next 

decades due to climate change. 

Nevertheless, even with a small increase with reference to 1 kg of manufactured product becomes 

considerable if proportioned to the entire production of Conserve Italia, and even more for global food 

production. 

Along the life-cycle of the food products, also potential reuse and recycling procedures for food waste were 

analysed. Even though the maximum reduction of food waste is required (especially thinking of future 

reductions in crop yields), still it cannot be always avoided and food waste may end up disposed of in 

landfills. In such a scenario, a proper reutilisation of food waste is foreseeable in order to close the cycle. 

Food waste at a wholesale market was used for the production of bio-plastic alveoli used as separation 

layers in crates for food, whereas, concerning food waste at the food manufacturing step, the use of 

pineapple residue for insulation materials and of bivalve mollusc shells for a bio-composite material were 

analysed. 

The analysed processes allow to avoid the emissions related to the food waste treatment and, despite still 

being at a laboratory scale, they also showed encouraging results in terms of environmental impacts if 

compared to the traditional material they aim to substitute. 

Lastly, two different option of wood crates for agricultural food packaging were analysed. The veneer crate 

showed slightly better results than the plywood one, but in both cases the environmental impact of these 

products is minor if compared to the impacts of fruits and vegetable they have to store inside. 
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APPENDIX A 

Table A-1 Example of checklist for the cultivation phase – tomato (part 1). 

 

Table A-2 Example of checklist for the cultivation phase – tomato (part 2). 

 

Table A-3 Example of checklist for the cultivation phase – tomato (part 3). 

 

Codice SapNOME AZIENDACooperativa ANNO ZONA REGIONE AREALE COLTURA TIPOLOGIADIMENSIONI (ha)Terreno

Codice SapNOME AZIENDACooperativa ANNO ZONA REGIONE AREALE COLTURA TIPOLOGIADIMENSIONI (ha)Terreno ARATURA (N°)ARATURA (litri/ha)Totale ARATURA (l/ha)RIPUNTATURA (N°)RIPUNTATURA (litri/ha)Totale RIPUNTATURA (l/ha)FRESATURA (N°)FRESATURA (litri/ha)Totale FRESATURA (l/ha)

CAROLI TIBERIOPROPAR 2019 NORD ITALIAEMILIA ROMAGNARAVENNA POMODORO 3,4743 ARGILLOSO 1 50 50 0 0 0 0

BABINI FABIOPROPAR 2019 NORD ITALIAEMILIA ROMAGNARAVENNA POMODORO 6,4031 MEDIO IMPASTO 1 40 40 0 0 0 0

SOC.AGR GARDENIA S.SSAN ROCCO 2019 NORD ITALIAEMILIA ROMAGNAMODENA POMODORO 9,9435 MEDIO IMPASTO 1 40 40 0 0 0 0

EREDI GUIATI WILLIAMSAN ROCCO 2019 NORD ITALIAEMILIA ROMAGNAMODENA POMODORO 26,2379 ARGILLOSO 1 60 60 0 0 0 0

MAZUCCO STEFANOCOLOMBARE 2019 NORD ITALIALOMBARDIAMANTOVA POMODORO 25,0206 MEDIO IMPASTO 1 40 40 0 0 0 0

VESCOVADO NUOVO DI MARTANI IARICOLOMBARE 2019 NORD ITALIALOMBARDIAMANTOVA POMODORO 10,639 ARGILLOSO 1 70 70 0 0 0 0

CAVALLIN NEDOCOOP. PROD. AGRICOLI RASPOLLINO2019 CENTRO ITALIATOSCANA GROSSETO POMODORO 24,1582 ARGILLOSO 1 50 50 0 0 0 0

DONATO GIULIANOCOOP. PROD. AGRICOLI RASPOLLINO2019 CENTRO ITALIATOSCANA GROSSETO POMODORO 23,0804 MEDIO IMPASTO 0 0 0 1 40 40 0

FOGLI ADRIANOPATFRUT 2019 NORD ITALIAEMILIA ROMAGNAFERRARA POMODORO 18,3047 SABBIA 1 30 30 0 0 0 0

BARBONI GIULIANOCASA MESOLA 2019 NORD ITALIAEMILIA ROMAGNAFERRARA POMODORO 65,4122 SABBIA 1 30 30 0 0 0 0

Troiani RosariaAPO  FOGGIA 2019 SUD ITALIAPUGLIA MANFREDONIAPOMODORO 17,04 MEDIO IMPASTO 1 40 40 0 1 25 25

Soc Agr. AGRILEADER S.r.l.APO  FOGGIA 2019 SUD ITALIAPUGLIA FOGGIA POMODORO 11,69 MEDIO IMPASTO 1 40 40 0 1 25 25

Tizzani Maria GraziaCONAPO 2019 SUD ITALIAPUGLIA FONTEROSAPOMODORO 11,74 MEDIO IMPASTO 1 40 40 0 2 25 50

Malgieri TarquinioCONAPO 2019 SUD ITALIAPUGLIA ASCOLI SATRIANOPOMODORO 5 MEDIO IMPASTO 1 40 40 0 2 25 50

Pilolli GiovanniLA PALMA 2019 SUD ITALIAPUGLIA SAN PAOLO CIVITATEPOMODORO 18,29 MEDIO IMPASTO 1 40 40 0 1 25 25

Fanelli Vincenzo FernandoLA PALMA 2019 SUD ITALIAPUGLIA LUCERA POMODORO 10,96 MEDIO IMPASTO 1 40 40 0 1 25 25

Sacco MatteoFIMAGRI 2019 SUD ITALIAPUGLIA S. GIOVANNI ROTONDOPOMODORO 9,25 MEDIO IMPASTO 1 40 40 0 1 25 25

GE.M.MA.  di Puglia Soc. Sempl. AgrFIMAGRI 2019 SUD ITALIAPUGLIA CERIGNOLAPOMODORO 32 MEDIO IMPASTO 1 40 40 0 1 25 25

NATURA CREA Soc. Agr. S.R.L.FUTURAGRI 2019 SUD ITALIAPUGLIA CASTELLANETAPOMODORO 7,74 MEDIO IMPASTO 1 40 40 0 1 25 25

Rossiello AntonioFUTURAGRI 2019 SUD ITALIAPUGLIA FOGGIA POMODORO 8,5 MEDIO IMPASTO 1 40 40 0 2 25 50

ARATURA RIPUNTATURA FRESATURA

ASSOLCATURA (N°)ASSOLCATURA (litri/ha)Totale ASSOLCATURA (l/ha)PACCIAMATURA (N°)PACCIAMATURA (litri/ha)Totale PACCIAMATURA (l/ha)TRAPIANTO (N°)TRAPIANTO (litri/ha)Totale TRAPIANTO (l/ha)SARCHIATURA (N°)SARCHIATURA (litri/ha)Totale SARCHIATURA (l/ha)ERPICATURA (N°)ERPICATURA (litri/ha)Totale ERPICATURA (l/ha)ERPC. ROTANTE (N°)ERPC. ROTANTE (litri/ha)Totale ERPC. ROTANTE (l/ha)DISERBO/TRATT (N°)DISERBO/TRATT (litri/ha)Totale DISERBO/TRATT (l/ha)

0 0 1 5 5 2 8 16 1 10 10 1 25 25 14 3 42

0 0 1 5 5 2 6 12 1 10 10 1 25 25 19 2 38

0 0 1 5 5 0 0 0 1 10 10 1 25 25 15 4 60

0 0 1 5 5 1 10 10 1 15 15 2 30 60 4 4 16

0 0 1 5 5 1 7 7 0 0 0 1 25 25 13 5 65

0 0 1 5 5 1 10 10 1 15 15 1 25 25 10 5 50

0 0 1 5 5 2 8 16 3 20 60 1 25 25 9 3 27

0 0 1 5 5 1 7 7 2 10 20 1 25 25 9 2 18

0 0 1 5 5 2 5 10 1 15 15 0 0 0 10 3 30

0 0 1 5 5 2 5 10 1 15 15 1 25 25 12 4 48

1 15 15 0 1 41 41 1 26 26 1 25 25 0 0 0 9 10 90

1 15 15 1 25 25 0 0 0 1 26 26 1 25 25 0 0 0 15 10 150

1 15 15 0 1 41 41 1 26 26 0 25 0 0 0 0 7 10 70

1 15 15 0 1 41 41 1 26 26 0 25 0 0 0 0 6 10 60

1 15 15 0 1 41 41 1 26 26 1 25 25 0 0 0 9 10 90

1 15 15 0 1 41 41 1 26 26 1 25 25 0 0 0 9 10 90

1 15 15 1 25 25 0 0 0 1 26 26 1 25 25 0 0 0 10 10 100

1 15 15 0 1 41 41 1 26 26 1 25 25 0 0 0 9 10 90

1 15 15 1 25 25 0 0 0 1 26 26 1 25 25 0 0 0 13 10 130

1 15 15 1 25 25 0 0 0 1 26 26 0 25 0 0 0 0 11 10 110

ERPICATURA ERPC. ROTANTE DISERBO/TRATTSARCHIATURAASSOLCATURA PACCIAMATURA TRAPIANTO

Tot. Gasolio l/haIRRIGAZIONE Kwh/haSist. Irrigazione

IRRIGAZIONE (N°)IRRIGAZIONE (litri/ha)Totale IRRIGAZIONE (l/ha)SPANDICONCIME (N°)SPANDICONCIME (litri/ha)Totale SPANDICONCIME (l/ha)RACCOLTA (N°)RACCOLTA (litri/ha)Totale RACCOLTA (l/ha)

N° VG/HA Distanza 

a/r

Consumo 

km/l

litri/ha

Altro gasolio (N°)Altro gasolio (litri/ha)Tot. Gasolio l/haIRRIGAZIONE Kwh/haSist. IrrigazioneN° irrigazioni

Acqua 

irrigazioni 

(m3/ha)

Totale Irrigazioni (m3/ha)

2 25 50 3 3 9 1 50 50 3 140 3 140 397 0 ROTOLONE 2 400

15 4 60 3 3 9 1 50 50 2 100 3 66,66667 315,6667 0 MANICHETTA 15 305

25 5 125 1 3 3 1 50 50 3 20 3 20 338 0 MANICHETTA 25 2700

5 30 150 3 3 9 1 50 50 3 50 3 50 425 0 ROTOLONE 5 1500

35 6 210 1 3 3 1 60 60 4 160 3 213,3333 628,3333 0 MANICHETTA 25 3000

25 5 125 1 3 3 1 60 60 4 160 3 213,3333 576,3333 0 MANICHETTA 25 1500

70 5 350 1 3 3 1 70 70 4 42 3 56 662 0 MANICHETTA 70 4000

25 6 150 0 0 0 1 50 50 4 42 3 56 371 0 MANICHETTA 25 3000

0 0 0 1 15 15 1 80 80 3 48 3 48 233 0 INFILTRAZIONE LAT. 0 2500

0 0 0 2 3 6 1 75 75 3 30 3 30 244 0 INFILTRAZIONE LAT. 0 2500

45 0 0 0 0 0 1 57 57 4 506 3 674,6667 993,6667 MANICHETTA 45 5400

15 30 450 0 0 0 1 57 57 4 500 3 666,6667 1479,667 MANICHETTA 15 5150

12 35 420 0 0 0 1 57 57 4 470 3 626,6667 1345,667 MANICHETTA 13 4500

9 43 387 0 0 0 1 57 57 4 480 3 640 1316 MANICHETTA 25 4700

17 0 0 0 0 0 1 57 57 4 600 3 800 1119 MANICHETTA 25 3200

50 0 0 0 0 0 1 57 57 4 530 3 706,6667 1025,667 MANICHETTA 50 3430

15 30 450 0 0 0 1 57 57 4 508 3 677,3333 1440,333 MANICHETTA 15 4300

12 35 420 0 0 0 1 57 57 4 496 3 661,3333 1400,333 MANICHETTA 10 5160

19 0 0 0 0 0 1 57 57 4 90 3 120 463 MANICHETTA 19 5155

22 0 0 0 0 0 1 57 57 4 480 3 640 963 MANICHETTA 22 5377

Consumo acqua per irrigIRRIGAZIONE SPANDICONCIME RACCOLTA TRASPORTI ALTRO (spcificare)
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Table A-4 Example of checklist for the cultivation phase – tomato (part 4). 

 

 

Tot. Acqua (m3/ha)Seme utilizzato kg/hapiantine utilizzate n°/ha
UREA 46%

kg N/ha

NITRATO 

AMM. 

 kg N/ha

N kg/ha P kg/ha K kg/ha

Tot. Azoto 

(N)

kg/ha

Chimici

litri/ha

Feromoni

kg-litri/Ha

Tot. 

Trattament

i

kg-litri/Ha

Plastica kg/ha
Metallo

kg/ha
Polistirolo kg/ha

Tot. 

Imballaggi/

rifiuti

kg/ha

Resa t/ha

N° diserbi/tratt

Acqua 

diserbi/trat

t (m3/ha)

Totale diserbi/tratt (m3/ha)Tot. Acqua (m3/ha)Seme utilizzato kg/hapiantine utilizzate n°/ha
UREA 46%

kg N/ha

NITRATO 

AMM. 

 kg N/ha

N kg/ha P kg/ha K kg/ha

Tot. Azoto 

(N)

kg/ha

Chimici

litri/ha

Feromoni

kg-litri/Ha

Tot. 

Trattament

i

kg-litri/Ha

Plastica kg/ha
Metallo

kg/ha
Polistirolo kg/ha

Tot. 

Imballaggi/

rifiuti

kg/ha

Resa t/ha

14 9,24 409,24 0 33000 169,97 63,63 2,42 169,97 34,79 0 34,79 2,5 0 21,71 24,21 55

19 14,82 319,82 0 33000 154,94 0,28 2,62 154,94 64,82 0 64,82 92,5 0 21,71 114,21 45

15 7,99 2707,99 0 33000 163,48 67,97 81,62 163,48 39,05 0 39,05 92,5 0 21,71 114,21 70

4 1,63 1501,63 0 33000 26,14 16 0 26,14 10,92 0 10,92 2,5 0 21,71 24,21 65

13 4,91 3004,91 0 33000 137,14 107,48 145,5 137,14 60,4 0 60,4 92,5 0 21,71 114,21 90

10 4,88 1504,88 0 33000 87,89 145,45 131,61 87,89 48,75 0 48,75 92,5 0 21,71 114,21 86

9 9,5 4009,5 0 33000 268 201 251 250 37,4 0 37,4 92,5 0 21,71 114,21 92

9 10,58 3010,58 0 33000 160,38 143,3 204,75 160,38 27,76 0 27,76 92,5 0 21,71 114,21 90

10 4,45 2504,45 0 26000 11,24 0 1,63 11,24 22,96 0 22,96 2,5 0 17,1 19,6 75

12 7,2 2507,2 0 34000 114 60 85 114 33,82 0 33,82 2,5 0 22,36 24,86 80

9 8,7 5408,7 0 30000 99,5 60 83 99,5 18 0 18 85 0 25 110 97

15 12 5162 0 30000 139 134 0 139 29,85 0 29,85 170 0 25 195 112

7 5 4505 0 30000 70 112 0 70 15 0 15 85 0 25 110 95

6 4,8 4704,8 0 28000 115 130 0 115 18 0 18 25 0 25 50 110

9 5,4 3205,4 0 32000 126 94 0 126 23 0 23 85 0 25 110 95

9 5,4 3435,4 0 33410 115 95 0 115 32 0 32 85 0 25 110 115

10 7,2 4307,2 0 31000 130 118 0 130 24 0 24 175 0 25 178 96,2

9 5,4 5165,4 0 30000 132 112 27 132 33 0 33 85 0 25 110 95

13 10,4 5165,4 0 32585 114,38 140,22 16,69 114,38 40,08 0 40,08 180 0 25 205 110

11 8,8 5385,8 0 33624 144,94 148,49 41,1 144,94 49,28 0 49,28 180 0 25 205 110

Consumo acqua per 

diserbi/trattamenti
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APPENDIX B 

In this appendix, LCA results for fertiliser production are presented in accordance with the PCR 2010:20 

Mineral or chemical fertilisers (International EPD System, 2010), considering also emissions deriving from 

fertiliser application. 

The following cycle was taken into consideration for nitrogen: in case of fertilization with 100 nitrogen 

units, 68% of the nitrogen is immobilized in the soil , 27% is absorbed by the plant and 5% is dispersed. 

However, the value of 27% has to be replaced with the uptake index (UI) characteristic of the analysed 

product. The immobilized and dispersed quantities of nitrogen were kept in a ratio of 68:5 in order to define 

the quantity dispersed in the environment. Then, the dispersed quantity has been divided in relation to the 

different molecular weights in emissions: in air in the form of NH3, NO, N2O and in water in the form of 

Norg, NH4
+, NO3

-. 

For the analysed fertilisers, the uptake index has been set at 47.8% resulting in the air and water emissions 

reported in Table 2-9. 

Table B-1 Emissions per ton of N applied. 

Emissions to air Quantity [kg] 

Ammonia 8.50 

Nitrogen monoxide 12.77 

Dinitrogen monoxide 20.42 

Emissions to water Quantity [kg] 

Nitrogen, organic bound 5.96 

Ammonium, ion 9.36 

Nitrate 26.38 

 

The environmental impacts considered for the analysis of fertiliser production, expressed per declared unit 

and divided into the phases considered, are the following: 

• Global warming, kg CO2 eq; 

• Acidification, kg SO2 eq; 

• Eutrophication, kg PO4
3- eq; 

• Formation of photochemical oxidants, kg NMVOC eq; 

• Depletion of abiotic resources (elements), kg Sb eq; 

• Depletion of abiotic resources (fossil fuels), MJ net calorific value; 

• Water scarcity, m3 eq. 
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The consumption of resources considered, expressed per declared unit and divided into the phases 

considered, are as follows: 

• Use of renewable primary energy excluding primary renewable energy resources used as raw 

materials (MJ, net calorific value); 

• Use of renewable primary energy resources used as raw materials (MJ, net calorific value); 

• Total use of renewable primary energy resources (primary energy and primary energy resources 

used as raw materials) (MJ, net calorific value); 

• Use of non-renewable primary energy excluding non-renewable primary energy resources used as 

raw materials (MJ, net calorific value) 

• Use of non-renewable primary energy resources used as raw materials (MJ, net calorific value); 

• Total use of non-renewable primary energy resources (primary energy and primary energy 

resources used as raw materials) (MJ, net calorific value); 

• Use of secondary materials (kg); 

• Use of renewable secondary fuels (MJ, net calorific value); 

• Use of non-renewable secondary fuels (MJ, net calorific value); 

• Net water consumption (m3). 
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Table B-2 LCA results for fertiliser #1. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 547.82 68.75 571.96 1,188.53 

Acidification kg SO2 eq 1.80 0.06 3.08 4.94 

Eutrophication kg PO4
3- eq 0.27 0.01 1.70 1.98 

Photochemical oxidants formation kg NMVOC eq 1.55 0.07 0.13 1.75 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 11,827.56 70.93 393.26 12,291.75 

Water scarcity m3 eq 66.10 10.70 1.00 77.80 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 221.67 18.54 1.20 241.41 

Use of renewable primary energy 

resources, raw material 
MJ 70.86 2.66 0.37 73.89 

Use of renewable primary energy 

resources, total 
MJ 292.53 21.20 1.57 315.30 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 12,413.56 84.68 420.08 12,918.32 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.23 0.00 0.00 191.23 

Use of non-renewable primary 

energy resources, total 
MJ 12,604.79 84.68 420.08 13,109.55 

Secondary materials kg – – – – 

Renewable secondary fuels MJ – – – – 

Non-renewable secondary fuels MJ – – – – 

Net water consumption m3 1.86 0.24 0.05 2.14 

 

 

 

 

 

 

 



204  APPENDIX B 

Table B-3 LCA results for fertiliser #2. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 605.55 72.80 788.38 1,466.72 

Acidification kg SO2 eq 2.25 0.06 4.27 6.58 

Eutrophication kg PO4
3- eq 0.57 0.01 2.37 2.95 

Photochemical oxidants formation kg NMVOC eq 1.93 0.07 0.13 2.14 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 15,582.96 84.52 393.26 16,060.74 

Water scarcity m3 eq 64.46 13.37 1.00 78.83 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 175.37 22.30 1.20 198.87 

Use of renewable primary energy 

resources, raw material 
MJ 58.47 3.20 0.37 62.04 

Use of renewable primary energy 

resources, total 
MJ 233.84 25.50 1.57 260.91 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 15,956.89 101.00 420.08 16,477.97 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.17 0.00 0.00 191.17 

Use of non-renewable primary 

energy resources, total 
MJ 16,148.07 101.00 420.08 16,669.15 

Secondary materials kg – – – – 

Renewable secondary fuels MJ – – – – 

Non-renewable secondary fuels MJ – – – – 

Net water consumption m3 1.23 0.30 0.05 1.57 
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Table B-4 LCA results for fertiliser #3. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 348.90 67.45 30.14 446.49 

Acidification kg SO2 eq 2.33 0.05 0.11 2.50 

Eutrophication kg PO4
3- eq 0.32 0.01 0.02 0.35 

Photochemical oxidants formation kg NMVOC eq 1.56 0.07 0.13 1.77 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 5,330.67 66.53 393.26 5,790.46 

Water scarcity m3 eq 147.86 9.84 1.00 158.70 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 221.97 17.32 1.20 240.49 

Use of renewable primary energy 

resources, raw material 
MJ 85.72 2.48 0.37 88.57 

Use of renewable primary energy 

resources, total 
MJ 307.69 19.81 1.57 329.06 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 5,663.41 79.39 420.08 6,162.89 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.23 0.00 0.00 191.23 

Use of non-renewable primary 

energy resources, total 
MJ 5,854.64 79.40 420.08 6,354.12 

Secondary materials kg - - - - 

Renewable secondary fuels MJ - - - - 

Non-renewable secondary fuels MJ - - - - 

Net water consumption m3 2.45 0.22 0.05 2.72 
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Table B-5 LCA results for fertiliser #4. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 421.76 73.46 355.53 850.75 

Acidification kg SO2 eq 1.84 0.06 1.90 3.80 

Eutrophication kg PO4
3- eq 0.32 0.01 1.03 1.35 

Photochemical oxidants formation kg NMVOC eq 1.56 0.07 0.13 1.76 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 10,082.13 86.76 393.26 10,562.15 

Water scarcity m3 eq 63.22 13.81 1.00 78.02 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 171.30 22.92 1.20 195.42 

Use of renewable primary energy 

resources, raw material 
MJ 59.99 3.28 0.37 63.64 

Use of renewable primary energy 

resources, total 
MJ 231.29 26.21 1.57 259.06 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 10,451.61 103.69 420.08 10,975.38 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.18 0.00 0.00 191.18 

Use of non-renewable primary 

energy resources, total 
MJ 10,642.79 103.69 420.08 11,166.56 

Secondary materials kg – – – – 

Renewable secondary fuels MJ – – – – 

Non-renewable secondary fuels MJ – – – – 

Net water consumption m3 1.16 0.31 0.05 1.51 
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Table B-6 LCA results for fertiliser #5. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 555.73 70.52 788.38 1,414.63 

Acidification kg SO2 eq 1.90 0.06 4.27 6.22 

Eutrophication kg PO4
3- eq 0.27 0.01 2.37 2.64 

Photochemical oxidants formation kg NMVOC eq 1.52 0.07 0.13 1.73 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 13,642.66 76.87 393.26 14,112.79 

Water scarcity m3 eq 83.77 11.87 1.00 96.64 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 246.66 20.19 1.20 268.04 

Use of renewable primary energy 

resources, raw material 
MJ 81.14 2.89 0.37 84.40 

Use of renewable primary energy 

resources, total 
MJ 327.80 23.08 1.57 352.45 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 14,253.45 91.81 420.08 14,765.34 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.33 0.00 0.00 191.33 

Use of non-renewable primary 

energy resources, total 
MJ 14,444.78 91.81 420.08 14,956.67 

Secondary materials kg – – – – 

Renewable secondary fuels MJ – – – – 

Non-renewable secondary fuels MJ – – – – 

Net water consumption m3 2.21 0.27 0.05 2.52 
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Table B-7 LCA results for fertiliser #6. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 633.38 70.34 679.41 1,383.13 

Acidification kg SO2 eq 2.20 0.06 3.67 5.93 

Eutrophication kg PO4
3- eq 0.49 0.01 2.03 2.53 

Photochemical oxidants formation kg NMVOC eq 1.77 0.07 0.13 1.98 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 13,869.67 76.25 393.26 14,339.19 

Water scarcity m3 eq 111.79 11.75 1.00 124.53 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 265.26 20.02 1.20 286.47 

Use of renewable primary energy 

resources, raw material 
MJ 81.96 2.87 0.37 85.20 

Use of renewable primary energy 

resources, total 
MJ 347.22 22.88 1.57 371.67 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 14,540.62 91.07 420.08 15,051.78 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.33 0.00 0.00 191.33 

Use of non-renewable primary 

energy resources, total 
MJ 14,731.95 91.07 420.08 15,243.10 

Secondary materials kg – – – – 

Renewable secondary fuels MJ – – – – 

Non-renewable secondary fuels MJ – – – – 

Net water consumption m3 3.11 0.26 0.05 3.42 
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Table B-8 LCA results for fertiliser #7. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 331.70 74.61 30.14 436.46 

Acidification kg SO2 eq 1.71 0.06 0.11 1.89 

Eutrophication kg PO4
3- eq 0.22 0.01 0.02 0.25 

Photochemical oxidants formation kg NMVOC eq 1.40 0.08 0.13 1.61 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 6,490.56 90.62 393.26 6,974.45 

Water scarcity m3 eq 68.44 14.57 1.00 84.01 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 180.87 23.99 1.20 206.06 

Use of renewable primary energy 

resources, raw material 
MJ 65.02 3.44 0.37 68.83 

Use of renewable primary energy 

resources, total 
MJ 245.89 27.43 1.57 274.88 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 6,874.93 108.33 420.08 7,403.34 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.16 0.00 0.00 191.17 

Use of non-renewable primary 

energy resources, total 
MJ 7,066.10 108.33 420.08 7,594.51 

Secondary materials kg – – – – 

Renewable secondary fuels MJ – – – – 

Non-renewable secondary fuels MJ – – – – 

Net water consumption m3 1.23 0.33 0.05 1.60 
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Table B-9 LCA results for fertiliser #8. 

Impact category Unit Upstream Core Downstream Total 

Global warming potential kg CO2 eq 738.53 69.12 1,708.55 2,516.20 

Acidification kg SO2 eq 1.83 0.06 9.31 11.20 

Eutrophication kg PO4
3- eq 0.18 0.01 5.22 5.40 

Photochemical oxidants formation kg NMVOC eq 1.41 0.07 0.13 1.61 

Abiotic depletion, elements kg Sb eq 0.00 0.00 0.00 0.00 

Abiotic depletion, fossil fuels MJ 20,956.83 72.14 393.26 21,422.23 

Water scarcity m3 eq 86.22 10.94 1.00 98.16 

Use of resources Unit Upstream Core Downstream Total 

Use of renewable primary energy 

resources, energy carrier 
MJ 263.33 18.88 1.20 283.40 

Use of renewable primary energy 

resources, raw material 
MJ 87.75 2.71 0.37 90.83 

Use of renewable primary energy 

resources, total 
MJ 351.08 21.58 1.57 374.23 

Use of non-renewable primary 

energy resources, energy carrier 
MJ 21,629.22 86.14 420.08 22,135.44 

Use of non-renewable primary 

energy resources, raw material 
MJ 191.38 0.00 0.00 191.38 

Use of non-renewable primary 

energy resources, total 
MJ 21,820.60 86.14 420.08 22,326.82 

Secondary materials kg - - - - 

Renewable secondary fuels MJ - - - - 

Non-renewable secondary fuels MJ - - - - 

Net water consumption m3 2.68 0.25 0.05 2.97 
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APPENDIX C 

The environmental impacts considered for the analysis of fertiliser production, expressed per declared unit 

and divided into the phases considered, are the following: 

• Global warming, kg CO2 eq; 

• Acidification, kg SO2 eq; 

• Eutrophication, kg PO4
3- eq; 

• Formation of photochemical oxidants, kg NMVOC eq; 

• Depletion of abiotic resources (elements), kg Sb eq; 

• Depletion of abiotic resources (fossil fuels), MJ net calorific value; 

• Water scarcity, m3 eq. 

The consumption of resources considered, expressed per declared unit and divided into the phases 

considered, are as follows: 

• Use of renewable primary energy excluding primary renewable energy resources used as raw 

materials (MJ, net calorific value); 

• Use of renewable primary energy resources used as raw materials (MJ, net calorific value); 

• Total use of renewable primary energy resources (primary energy and primary energy resources 

used as raw materials) (MJ, net calorific value); 

• Use of non-renewable primary energy excluding non-renewable primary energy resources used as 

raw materials (MJ, net calorific value) 

• Use of non-renewable primary energy resources used as raw materials (MJ, net calorific value); 

• Total use of non-renewable primary energy resources (primary energy and primary energy 

resources used as raw materials) (MJ, net calorific value); 

• Use of secondary materials (kg); 

• Use of renewable secondary fuels (MJ, net calorific value); 

• Use of non-renewable secondary fuels (MJ, net calorific value); 

• Net water consumption (m3). 
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Table C-1 LCA results (veneer crate). 

Impact category Unit Raw materials Transportation 
Crate 

production 
Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0,11 0,04 0,04 0,01 0,05 0,25 

Acidification kg SO2 eq 4,36E-04 1,71E-04 1,88E-04 4,18E-05 4,61E-04 1,30E-03 

Eutrophication 
kg PO4

3- 

eq 
6,00E-05 2,69E-05 3,36E-05 6,60E-06 1,29E-04 2,56E-04 

Photochemical 

oxidants formation 

kg 

NMVOC 

eq 

4,60E-04 2,01E-04 2,01E-04 4,91E-05 1,04E-03 1,95E-03 

Abiotic depletion, 

elements 
kg Sb eq 7,86E-08 1,31E-10 1,98E-09 3,20E-11 2,67E-10 8,10E-08 

Abiotic depletion, 

fossil fuels 
MJ 1,26 0,60 0,38 0,15 0,10 2,48 

Water scarcity m3 eq 0,02 0,00 0,01 0,00 0,00 0,03 

Use of resources Unit Raw materials Transportation 
Crate 

production 
Distribution End of life Total 

Use of renewable 

primary energy 

resources, energy 

carrier 

MJ 0,07 0,00 0,09 0,00 0,01 0,16 

Use of renewable 

primary energy 

resources, raw 

material 

MJ 0,01 0,00 0,01 0,00 0,00 0,02 

Use of renewable 

primary energy 

resources, total 

MJ 0,08 0,00 0,10 0,00 0,01 0,19 

Use of non-

renewable primary 

energy resources, 

energy carrier 

MJ 1,42 0,64 0,45 0,16 0,12 2,78 

Use of non-

renewable primary 

energy resources, 

raw material 

MJ 0,02 0,00 0,00 0,00 0,00 0,02 

Use of non-

renewable primary 

energy resources, 

total 

MJ 1,44 0,64 0,45 0,16 0,12 2,81 

Secondary 

materials 
kg - - - - - 0,00 

Renewable 

secondary fuels 
MJ - - - - - 0,00 

Non-renewable 

secondary fuels 
MJ - - - - - 0,00 

Net water 

consumption 
m3 5,46E-04 6,21E-05 2,63E-04 1,52E-05 1,15E-05 8,98E-04 
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Table C-2 LCA results (plywood crate). 

Impact category Unit Raw materials Transportation 
Crate 

production 
Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0,10 0,04 0,04 0,01 0,05 0,23 

Acidification kg SO2 eq 6,89E-04 1,46E-04 1,88E-04 3,58E-05 3,95E-04 1,45E-03 

Eutrophication 
kg PO4

3- 

eq 
1,27E-04 2,31E-05 3,36E-05 5,65E-06 1,10E-04 2,99E-04 

Photochemical 

oxidants formation 

kg 

NMVOC 

eq 

8,35E-04 1,72E-04 2,01E-04 4,21E-05 8,91E-04 2,14E-03 

Abiotic depletion, 

elements 
kg Sb eq 6,90E-08 1,12E-10 1,98E-09 2,74E-11 2,29E-10 7,14E-08 

Abiotic depletion, 

fossil fuels 
MJ 1,17 0,51 0,38 0,12 0,09 2,27 

Water scarcity m3 eq 0,04 0,00 0,01 0,00 0,00 0,05 

Use of resources Unit Raw materials Transportation 
Crate 

production 
Distribution End of life Total 

Use of renewable 

primary energy 

resources, energy 

carrier 

MJ 0,46 0,00 0,09 0,00 0,01 0,56 

Use of renewable 

primary energy 

resources, raw 

material 

MJ 0,36 0,00 0,01 0,00 0,00 0,37 

Use of renewable 

primary energy 

resources, total 

MJ 0,83 0,00 0,10 0,00 0,01 0,93 

Use of non-

renewable primary 

energy resources, 

energy carrier 

MJ 1,33 0,54 0,45 0,13 0,10 2,57 

Use of non-

renewable primary 

energy resources, 

raw material 

MJ 0,02 0,00 0,00 0,00 0,00 0,02 

Use of non-

renewable primary 

energy resources, 

total 

MJ 1,36 0,54 0,45 0,13 0,10 2,59 

Secondary 

materials 
kg 0,01 - - - - 0,01 

Renewable 

secondary fuels 
MJ 3,22 - - - - 3,22 

Non-renewable 

secondary fuels 
MJ - - - - - 0,00 

Net water 

consumption 
m3 1,09E-03 5,32E-05 2,63E-04 1,30E-05 9,96E-06 1,43E-03 
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APPENDIX D 

The environmental impacts considered for the analysis of fertiliser production, expressed per declared unit 

and divided into the phases considered, are the following: 

• Global warming, kg CO2 eq; 

• Acidification, kg SO2 eq; 

• Eutrophication, kg PO4
3- eq; 

• Formation potential of tropospheric ozone, kg C2H4 eq; 

• Depletion of abiotic resources (elements), kg Sb eq; 

• Depletion of abiotic resources (fossil fuels), MJ net calorific value; 

• Water scarcity, m3 eq. 

The consumption of resources considered, expressed per declared unit and divided into the phases 

considered, are as follows: 

• Use of renewable primary energy excluding primary renewable energy resources used as raw 

materials (MJ, net calorific value); 

• Use of renewable primary energy resources used as raw materials (MJ, net calorific value); 

• Total use of renewable primary energy resources (primary energy and primary energy resources 

used as raw materials) (MJ, net calorific value); 

• Use of non-renewable primary energy excluding non-renewable primary energy resources used as 

raw materials (MJ, net calorific value) 

• Use of non-renewable primary energy resources used as raw materials (MJ, net calorific value); 

• Total use of non-renewable primary energy resources (primary energy and primary energy 

resources used as raw materials) (MJ, net calorific value); 

• Use of secondary materials (kg); 

• Use of renewable secondary fuels (MJ, net calorific value); 

• Use of non-renewable secondary fuels (MJ, net calorific value); 

• Net water consumption (m3). 

Additional indicators are also presented: 

• Ecological footprint, m2 yr 

• Cumulative energy demand, MJ 
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Table D-1 LCA results (Product ID 3). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.078 0.482 0.362 0.085 0.000 1.008 

Acidification kg SO2 eq 0.001 0.002 0.000 0.001 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.87E-05 8.32E-05 3.37E-05 1.35E-05 4.91E-08 8.17E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.67E-06 1.30E-06 3.81E-09 1.13E-09 8.29E-12 2.97E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.919 5.770 5.481 1.206 0.004 13.379 

Water scarcity m3 eq 3.072 0.167 0.062 0.006 0.000 3.307 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.065 1.078 0.573 0.027 0.000 1.744 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.008 0.582 0.009 0.006 0.000 0.604 

Use of renewable 

primary energy 

resources. total 

MJ 0.073 1.660 0.582 0.033 0.000 2.348 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.915 6.388 6.150 1.362 0.004 14.819 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.165 0.230 0.000 0.000 0.000 0.395 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.080 6.619 6.150 1.362 0.004 15.214 

Secondary materials kg - 0.132 - - - 0.132 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.069 0.004 0.002 0.000 0.000 0.075 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.170 1.437 0.935 0.240 0.001 2.782 

Cumulative energy 

demand 
MJ 0.987 8.048 6.732 1.395 0.004 17.167 
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Table D-2 LCA results (Product ID 10). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.082 0.599 0.454 0.074 0.000 1.209 

Acidification kg SO2 eq 0.001 0.002 0.001 0.000 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.44E-05 1.07E-04 5.03E-05 1.04E-05 4.89E-08 1.13E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.82E-06 2.87E-06 5.79E-09 1.72E-09 8.25E-12 4.70E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.961 7.224 6.626 1.028 0.004 15.844 

Water scarcity m3 eq 3.360 0.197 0.093 0.005 0.000 3.655 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.060 2.042 0.074 0.044 0.000 2.220 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.008 1.191 0.010 0.009 0.000 1.217 

Use of renewable 

primary energy 

resources. total 

MJ 0.068 3.233 0.084 0.053 0.000 3.437 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.946 8.314 7.462 1.226 0.004 17.952 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.181 0.237 0.000 0.000 0.000 0.418 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.127 8.551 7.462 1.226 0.004 18.370 

Secondary materials kg - 0.255 - - - 0.255 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.075 0.005 0.003 0.000 0.000 0.083 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.175 1.929 1.164 0.221 0.001 3.489 

Cumulative energy 

demand 
MJ 1.014 11.546 7.545 1.280 0.004 21.389 
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Table D-3 LCA results (Product ID 11). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.048 0.714 0.600 0.079 0.000 1.441 

Acidification kg SO2 eq 0.000 0.004 0.001 0.000 0.000 0.005 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.35E-05 2.06E-04 5.11E-05 1.05E-05 1.08E-08 2.34E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.10E-06 2.11E-05 4.77E-09 8.41E-10 1.82E-12 2.22E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.566 7.249 9.212 1.130 0.001 18.158 

Water scarcity m3 eq 2.038 0.196 0.059 0.004 0.000 2.296 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.021 2.285 0.083 0.019 0.000 2.408 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.533 0.012 0.004 0.000 0.554 

Use of renewable 

primary energy 

resources. total 

MJ 0.025 2.819 0.095 0.023 0.000 2.962 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.550 8.825 10.382 1.255 0.001 21.013 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.110 0.087 0.000 0.000 0.000 0.197 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.660 8.912 10.382 1.255 0.001 21.210 

Secondary materials kg - 0.110 - - - 0.110 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.045 0.006 0.002 0.000 0.000 0.053 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.100 2.061 1.540 0.219 0.000 3.919 

Cumulative energy 

demand 
MJ 0.576 11.643 10.476 1.278 0.001 23.974 
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Table D-4 LCA results (Product ID 16). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.053 0.701 0.344 0.233 0.000 1.332 

Acidification kg SO2 eq 0.001 0.004 0.000 0.001 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.51E-05 2.03E-04 3.27E-05 2.99E-05 1.08E-08 2.31E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.18E-06 2.10E-05 3.12E-09 8.71E-10 1.82E-12 2.22E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.627 7.074 5.152 3.387 0.001 16.240 

Water scarcity m3 eq 2.174 0.192 0.036 0.007 0.000 2.409 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.037 2.182 0.060 0.010 0.000 2.289 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.466 0.007 0.003 0.000 0.481 

Use of renewable 

primary energy 

resources. total 

MJ 0.041 2.648 0.067 0.013 0.000 2.770 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.614 8.607 5.806 3.618 0.001 18.646 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.117 0.074 0.000 0.000 0.000 0.191 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.731 8.682 5.806 3.618 0.001 18.837 

Secondary materials kg - 0.097 - - - 0.097 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.049 0.006 0.001 0.000 0.000 0.056 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.113 2.007 0.881 0.618 0.000 3.619 

Cumulative energy 

demand 
MJ 0.655 11.256 5.873 3.631 0.001 21.416 
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Table D-5 LCA results (Product ID 17). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.045 0.697 0.291 0.233 0.000 1.268 

Acidification kg SO2 eq 0.000 0.004 0.000 0.001 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.33E-05 2.02E-04 2.40E-05 2.99E-05 1.08E-08 2.23E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.09E-06 2.10E-05 2.00E-09 8.71E-10 1.82E-12 2.21E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.536 7.034 4.491 3.387 0.001 15.449 

Water scarcity m3 eq 2.008 0.191 -0.010 0.007 0.000 2.196 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.031 2.132 0.051 0.010 0.000 2.223 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.431 0.006 0.003 0.000 0.443 

Use of renewable 

primary energy 

resources. total 

MJ 0.034 2.563 0.056 0.013 0.000 2.667 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.509 8.545 5.058 3.618 0.001 17.732 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.108 0.081 0.000 0.000 0.000 0.190 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.618 8.626 5.059 3.618 0.001 17.921 

Secondary materials kg - 0.091 - - - 0.091 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.045 0.006 0.000 0.000 0.000 0.051 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.093 1.987 0.748 0.618 0.000 3.446 

Cumulative energy 

demand 
MJ 0.544 11.108 5.115 3.631 0.001 20.399 
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Table D-6 LCA results (Product ID 20). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.079 0.112 0.543 0.212 0.010 0.957 

Acidification kg SO2 eq 0.001 0.001 0.001 0.001 0.000 0.003 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.25E-05 3.23E-05 5.57E-05 2.72E-05 1.37E-06 6.41E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.77E-06 4.74E-07 5.43E-09 7.92E-10 5.01E-11 2.25E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.928 1.951 8.023 3.078 0.001 13.981 

Water scarcity m3 eq 3.253 0.043 0.057 0.006 0.000 3.360 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.065 1.804 0.108 0.009 0.000 1.986 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 1.332 0.011 0.003 0.000 1.353 

Use of renewable 

primary energy 

resources. total 

MJ 0.072 3.135 0.119 0.012 0.000 3.339 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.910 1.753 9.057 3.287 0.002 15.008 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.175 0.573 0.000 0.000 0.000 0.747 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.084 2.326 9.057 3.287 0.002 15.756 

Secondary materials kg - 0.012 - - - 0.012 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.073 0.001 0.002 0.000 0.000 0.076 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.168 0.683 1.389 0.561 0.011 2.813 

Cumulative energy 

demand 
MJ 0.982 4.888 9.176 3.299 0.002 18.347 
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Table D-7 LCA results (Product ID 22). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.054 0.517 0.350 0.226 0.000 1.146 

Acidification kg SO2 eq 0.001 0.003 0.000 0.001 0.000 0.005 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.50E-05 1.50E-04 3.43E-05 2.90E-05 8.08E-09 1.78E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.18E-06 1.57E-05 3.32E-09 8.43E-10 1.36E-12 1.69E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.635 5.233 5.204 3.276 0.001 14.348 

Water scarcity m3 eq 2.175 0.138 0.056 0.007 0.000 2.377 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.038 1.460 0.064 0.010 0.000 1.572 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.219 0.008 0.003 0.000 0.234 

Use of renewable 

primary energy 

resources. total 

MJ 0.043 1.678 0.072 0.013 0.000 1.806 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.626 6.318 5.868 3.499 0.001 16.312 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.117 0.088 0.000 0.000 0.000 0.205 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.743 6.406 5.868 3.499 0.001 16.516 

Secondary materials kg - 0.061 - - - 0.061 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.049 0.004 0.002 0.000 0.000 0.055 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.116 1.448 0.896 0.597 0.000 3.057 

Cumulative energy 

demand 
MJ 0.669 7.996 5.940 3.512 0.001 18.118 

 

 

 

 

 



222  APPENDIX D 

 

Table D-8 LCA results (Product ID 23). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.078 0.198 0.473 0.214 0.055 1.019 

Acidification kg SO2 eq 0.001 0.001 0.001 0.001 0.000 0.003 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.33E-05 4.33E-05 5.09E-05 2.74E-05 2.06E-07 6.85E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.78E-06 1.21E-07 5.20E-09 7.98E-10 4.50E-10 1.90E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.922 4.139 6.917 3.103 0.010 15.091 

Water scarcity m3 eq 3.279 0.086 0.057 0.006 0.003 3.431 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.053 0.472 0.097 0.009 0.000 0.631 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 0.242 0.010 0.003 0.000 0.261 

Use of renewable 

primary energy 

resources. total 

MJ 0.060 0.713 0.106 0.012 0.000 0.892 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.899 4.432 7.808 3.314 0.011 16.464 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.176 0.676 0.000 0.000 0.000 0.853 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.075 5.108 7.808 3.314 0.011 17.317 

Secondary materials kg - 0.011 - - - 0.011 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.073 0.003 0.002 0.000 0.000 0.078 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.166 0.637 1.210 0.566 0.145 2.722 

Cumulative energy 

demand 
MJ 0.959 5.145 7.914 3.326 0.012 17.356 
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Table D-9 LCA results (Product ID 24). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.076 0.198 0.436 0.214 0.055 0.979 

Acidification kg SO2 eq 0.001 0.001 0.001 0.001 0.000 0.003 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.65E-05 4.33E-05 4.67E-05 2.74E-05 2.06E-07 7.11E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.59E-06 1.21E-07 4.68E-09 7.98E-10 4.50E-10 1.72E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.881 4.139 6.372 3.103 0.010 14.505 

Water scarcity m3 eq 2.948 0.086 0.051 0.006 0.003 3.095 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.165 0.472 0.091 0.009 0.000 0.736 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 0.242 0.009 0.003 0.000 0.260 

Use of renewable 

primary energy 

resources. total 

MJ 0.171 0.713 0.099 0.012 0.000 0.997 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.871 4.432 7.194 3.314 0.011 15.822 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.158 0.676 0.000 0.000 0.000 0.835 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.029 5.108 7.194 3.314 0.011 16.656 

Secondary materials kg - 0.011 - - - 0.011 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.066 0.003 0.002 0.000 0.000 0.071 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.166 0.637 1.114 0.566 0.145 2.627 

Cumulative energy 

demand 
MJ 1.042 5.145 7.293 3.326 0.012 16.818 
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Table D-10 LCA results (Product ID 26). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.090 0.067 0.531 0.212 0.017 0.916 

Acidification kg SO2 eq 0.001 0.000 0.001 0.001 0.000 0.003 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.98E-05 1.51E-05 5.65E-05 2.72E-05 1.17E-06 5.02E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.76E-06 3.72E-07 5.86E-09 7.92E-10 1.06E-10 2.13E-06 

Abiotic depletion. 

fossil fuels 
MJ 1.038 1.392 7.779 3.078 0.002 13.290 

Water scarcity m3 eq 3.250 0.018 0.094 0.006 0.001 3.369 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.274 0.256 0.103 0.009 0.000 0.642 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.008 0.155 0.011 0.003 0.000 0.178 

Use of renewable 

primary energy 

resources. total 

MJ 0.282 0.411 0.114 0.012 0.000 0.819 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.046 0.648 8.781 3.288 0.003 13.765 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.174 1.012 0.000 0.000 0.000 1.186 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.220 1.660 8.781 3.288 0.003 14.951 

Secondary materials kg - 0.029 - - - 0.029 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.073 0.001 0.003 0.000 0.000 0.076 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.204 0.220 1.356 0.561 0.030 2.371 

Cumulative energy 

demand 
MJ 1.328 1.059 8.894 3.300 0.003 14.584 
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Table D-11 LCA results (Product ID 27). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.072 0.482 0.213 0.018 0.845 

Acidification kg SO2 eq 0.001 0.000 0.001 0.001 0.000 0.002 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.14E-05 1.64E-05 4.24E-05 2.73E-05 1.28E-06 4.60E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.40E-06 3.91E-07 3.13E-09 7.95E-10 1.17E-10 1.80E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.717 1.490 7.290 3.090 0.003 12.590 

Water scarcity m3 eq 2.561 0.022 0.004 0.006 0.001 2.594 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.066 0.283 0.105 0.009 0.000 0.464 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.006 0.172 0.009 0.003 0.000 0.190 

Use of renewable 

primary energy 

resources. total 

MJ 0.071 0.456 0.115 0.012 0.000 0.654 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.695 0.807 8.233 3.300 0.003 13.038 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.138 0.978 0.000 0.000 0.000 1.116 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.833 1.785 8.233 3.300 0.003 14.154 

Secondary materials kg - 0.032 - - - 0.032 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.057 0.001 0.000 0.000 0.000 0.058 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.129 0.239 1.228 0.563 0.033 2.194 

Cumulative energy 

demand 
MJ 0.767 1.262 8.348 3.312 0.003 13.692 
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Table D-12 LCA results (Product ID 30). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.079 0.140 0.478 0.218 0.008 0.922 

Acidification kg SO2 eq 0.001 0.001 0.001 0.001 0.000 0.003 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.25E-05 4.00E-05 5.00E-05 2.80E-05 1.68E-06 6.72E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.77E-06 8.19E-07 5.20E-09 8.14E-10 1.95E-11 2.59E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.928 2.133 7.035 3.163 0.000 13.260 

Water scarcity m3 eq 3.253 0.052 0.054 0.006 0.000 3.366 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.065 2.415 0.090 0.009 0.000 2.579 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 1.778 0.010 0.003 0.000 1.798 

Use of renewable 

primary energy 

resources. total 

MJ 0.072 4.193 0.100 0.012 0.000 4.377 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.910 2.255 7.937 3.378 0.001 14.482 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.175 0.318 0.000 0.000 0.000 0.493 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.085 2.574 7.937 3.378 0.001 14.975 

Secondary materials kg - 0.024 - - - 0.024 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.073 0.001 0.002 0.000 0.000 0.076 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.169 0.881 1.223 0.577 0.000 2.849 

Cumulative energy 

demand 
MJ 0.983 6.448 8.037 3.391 0.001 18.859 
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Table D-13 LCA results (Product ID 32). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.080 0.100 0.502 0.212 0.010 0.904 

Acidification kg SO2 eq 0.001 0.000 0.001 0.001 0.000 0.003 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.35E-05 3.01E-05 5.08E-05 2.71E-05 1.28E-06 5.58E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.80E-06 5.17E-07 5.38E-09 7.90E-10 5.23E-11 2.33E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.947 1.617 7.462 3.071 0.001 13.099 

Water scarcity m3 eq 3.318 0.035 0.054 0.006 0.000 3.414 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.066 1.737 0.085 0.009 0.000 1.897 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.008 1.281 0.010 0.003 0.000 1.302 

Use of renewable 

primary energy 

resources. total 

MJ 0.074 3.018 0.095 0.012 0.000 3.200 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.928 1.477 8.414 3.280 0.002 14.102 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.178 0.465 0.000 0.000 0.000 0.643 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.107 1.942 8.414 3.280 0.002 14.745 

Secondary materials kg - 0.021 - - - 0.021 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.074 0.001 0.002 0.000 0.000 0.077 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.172 0.635 1.287 0.560 0.012 2.667 

Cumulative energy 

demand 
MJ 1.002 4.495 8.510 3.293 0.002 17.301 
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Table D-14 LCA results (Product ID 33). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.050 0.543 0.277 0.066 0.000 0.936 

Acidification kg SO2 eq 0.001 0.003 0.000 0.000 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.68E-05 1.57E-04 2.32E-05 8.93E-06 8.24E-09 1.53E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.20E-06 1.63E-05 2.04E-09 9.92E-10 1.39E-12 1.75E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.592 5.574 4.253 0.932 0.001 11.351 

Water scarcity m3 eq 2.218 0.149 -0.012 0.004 0.000 2.359 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.034 1.589 0.048 0.024 0.000 1.694 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.282 0.006 0.005 0.000 0.297 

Use of renewable 

primary energy 

resources. total 

MJ 0.038 1.871 0.054 0.029 0.000 1.991 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.562 6.693 4.789 1.061 0.001 13.106 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.120 0.131 0.000 0.000 0.000 0.251 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.682 6.824 4.789 1.061 0.001 13.357 

Secondary materials kg - 0.063 - - - 0.063 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.049 0.005 0.000 0.000 0.000 0.054 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.103 1.535 0.710 0.187 0.000 2.534 

Cumulative energy 

demand 
MJ 0.600 8.564 4.843 1.090 0.001 15.097 
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Table D-15 LCA results (Product ID 38). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.046 0.061 0.238 0.065 0.018 0.428 

Acidification kg SO2 eq 0.000 0.000 0.000 0.000 0.000 0.001 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.25E-05 1.37E-05 2.55E-05 8.85E-06 1.28E-06 1.69E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.06E-06 3.82E-07 3.37E-09 1.05E-09 1.17E-10 1.45E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.546 1.206 3.519 0.916 0.003 6.190 

Water scarcity m3 eq 1.972 0.017 0.052 0.004 0.001 2.045 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.020 0.275 0.642 0.025 0.000 0.962 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.171 0.005 0.006 0.000 0.185 

Use of renewable 

primary energy 

resources. total 

MJ 0.024 0.445 0.647 0.031 0.000 1.148 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.529 0.661 3.959 1.050 0.003 6.203 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.106 0.787 0.000 0.000 0.000 0.893 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.636 1.449 3.959 1.050 0.003 7.097 

Secondary materials kg - 0.032 - - - 0.032 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.044 0.001 0.001 0.000 0.000 0.046 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.096 0.210 0.613 0.185 0.033 1.137 

Cumulative energy 

demand 
MJ 0.553 1.107 4.607 1.081 0.003 7.351 
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Table D-16 LCA results (Product ID 19). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.050 0.529 0.277 0.229 0.000 1.084 

Acidification kg SO2 eq 0.001 0.003 0.000 0.001 0.000 0.005 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.68E-05 1.53E-04 2.32E-05 2.93E-05 8.24E-09 1.69E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.20E-06 1.59E-05 2.04E-09 8.54E-10 1.39E-12 1.71E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.592 5.429 4.252 3.318 0.001 13.592 

Water scarcity m3 eq 2.218 0.143 -0.012 0.007 0.000 2.356 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.034 1.492 0.048 0.010 0.000 1.584 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.227 0.006 0.003 0.000 0.240 

Use of renewable 

primary energy 

resources. total 

MJ 0.038 1.719 0.054 0.013 0.000 1.824 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.562 6.515 4.789 3.544 0.001 15.410 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.120 0.131 0.000 0.000 0.000 0.251 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.682 6.645 4.789 3.544 0.001 15.661 

Secondary materials kg - 0.059 - - - 0.059 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.049 0.004 0.000 0.000 0.000 0.054 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.103 1.484 0.710 0.605 0.000 2.902 

Cumulative energy 

demand 
MJ 0.600 8.234 4.842 3.557 0.001 17.234 

 

 

 

 

 



APPENDIX D   231 

 

 

Table D-17 LCA results (Product ID 25). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.080 0.704 0.791 0.355 0.000 1.930 

Acidification kg SO2 eq 0.001 0.003 0.001 0.001 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.50E-05 1.30E-04 6.18E-05 4.56E-05 6.34E-08 1.92E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.60E-06 3.61E-06 3.56E-09 1.33E-09 1.07E-11 5.21E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.935 8.537 12.174 5.158 0.005 26.810 

Water scarcity m3 eq 2.920 0.237 0.061 0.011 0.000 3.229 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.080 1.673 0.144 0.015 0.000 1.912 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.008 0.845 0.017 0.005 0.000 0.875 

Use of renewable 

primary energy 

resources. total 

MJ 0.088 2.518 0.160 0.020 0.000 2.787 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.946 9.329 13.709 5.509 0.005 29.499 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.156 0.558 0.000 0.000 0.000 0.714 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.103 9.887 13.709 5.509 0.005 30.213 

Secondary materials kg - 0.197 - - - 0.197 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.065 0.006 0.002 0.001 0.000 0.074 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.178 2.103 2.026 0.941 0.001 5.249 

Cumulative energy 

demand 
MJ 1.034 11.847 13.869 5.530 0.005 32.285 
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Table D-18 LCA results (Product ID 28). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.074 0.482 0.461 0.264 0.000 1.281 

Acidification kg SO2 eq 0.001 0.002 0.001 0.001 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.85E-05 8.45E-05 4.88E-05 3.39E-05 4.79E-08 1.19E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.63E-06 1.76E-06 5.40E-09 9.85E-10 8.08E-12 3.40E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.867 5.737 6.805 3.831 0.004 17.244 

Water scarcity m3 eq 3.011 0.163 0.084 0.008 0.000 3.266 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.057 1.037 0.075 0.011 0.000 1.181 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 0.528 0.010 0.004 0.000 0.549 

Use of renewable 

primary energy 

resources. total 

MJ 0.064 1.566 0.084 0.015 0.000 1.730 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.857 6.362 7.666 4.091 0.004 18.980 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.162 0.230 0.000 0.000 0.000 0.391 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.019 6.591 7.666 4.091 0.004 19.372 

Secondary materials kg - 0.130 - - - 0.130 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.067 0.004 0.002 0.000 0.000 0.074 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.159 1.424 1.183 0.698 0.001 3.465 

Cumulative energy 

demand 
MJ 0.921 7.927 7.750 4.107 0.004 20.710 
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Table D-19 LCA results (Product ID 31). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.079 0.118 0.285 0.202 0.008 0.691 

Acidification kg SO2 eq 0.001 0.001 0.000 0.001 0.000 0.003 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.14E-05 3.58E-05 3.18E-05 2.60E-05 1.71E-06 5.38E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.49E-06 6.18E-07 3.48E-09 7.56E-10 1.99E-11 2.11E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.900 1.824 4.144 2.939 0.000 9.807 

Water scarcity m3 eq 2.753 0.043 0.011 0.006 0.000 2.813 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.279 2.258 0.056 0.009 0.000 2.602 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 1.679 0.006 0.003 0.000 1.695 

Use of renewable 

primary energy 

resources. total 

MJ 0.286 3.937 0.062 0.012 0.000 4.297 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.906 1.773 4.673 3.139 0.001 10.493 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.147 0.385 0.000 0.000 0.000 0.533 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.054 2.159 4.673 3.139 0.001 11.025 

Secondary materials kg - 0.194 - - - 0.194 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.062 0.001 0.001 0.000 0.000 0.064 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.179 0.791 0.730 0.536 0.000 2.236 

Cumulative energy 

demand 
MJ 1.192 5.710 4.735 3.150 0.001 14.789 
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Table D-20 LCA results (Product ID 34). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.050 0.543 0.216 0.037 0.000 0.847 

Acidification kg SO2 eq 0.001 0.003 0.000 0.000 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.68E-05 1.57E-04 1.70E-05 5.03E-06 8.24E-09 1.42E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.20E-06 1.63E-05 1.87E-09 6.00E-10 1.39E-12 1.75E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.592 5.574 3.391 0.520 0.001 10.078 

Water scarcity m3 eq 2.218 0.149 -0.016 0.002 0.000 2.353 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.034 1.589 0.369 0.015 0.000 2.006 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.282 0.005 0.003 0.000 0.294 

Use of renewable 

primary energy 

resources. total 

MJ 0.038 1.871 0.374 0.018 0.000 2.300 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.562 6.693 3.808 0.597 0.001 11.661 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.120 0.131 0.000 0.000 0.000 0.251 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.682 6.824 3.808 0.597 0.001 11.911 

Secondary materials kg - 0.063 - - - 0.063 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.049 0.005 0.000 0.000 0.000 0.054 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.103 1.535 0.559 0.105 0.000 2.302 

Cumulative energy 

demand 
MJ 0.600 8.564 4.182 0.614 0.001 13.960 
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Table D-21 LCA results (Product ID 35). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.075 0.463 0.034 0.018 0.651 

Acidification kg SO2 eq 0.001 0.000 0.001 0.000 0.000 0.002 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.16E-05 1.65E-05 3.95E-05 4.91E-06 1.28E-06 2.06E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.41E-06 3.96E-07 2.87E-09 1.04E-09 1.17E-10 1.81E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.719 1.545 7.059 0.459 0.003 9.784 

Water scarcity m3 eq 2.571 0.023 -0.006 0.003 0.001 2.593 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.068 0.288 0.098 0.027 0.000 0.482 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.006 0.174 0.009 0.006 0.000 0.194 

Use of renewable 

primary energy 

resources. total 

MJ 0.074 0.462 0.107 0.033 0.000 0.676 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.696 0.916 7.969 0.571 0.003 10.155 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.138 0.937 0.000 0.000 0.000 1.075 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.834 1.852 7.969 0.571 0.003 11.230 

Secondary materials kg - 0.032 - - - 0.032 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.057 0.001 0.000 0.000 0.000 0.058 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.130 0.248 1.183 0.105 0.033 1.698 

Cumulative energy 

demand 
MJ 0.770 1.378 8.075 0.604 0.003 10.830 
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Table D-22 LCA results (Product ID 36). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.071 0.302 0.038 0.018 0.491 

Acidification kg SO2 eq 0.001 0.000 0.000 0.000 0.000 0.001 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.16E-05 1.59E-05 2.27E-05 5.55E-06 1.28E-06 3.86E-06 

Abiotic depletion. 

elements 
kg Sb eq 1.41E-06 3.95E-07 2.41E-09 1.13E-09 1.17E-10 1.81E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.719 1.463 4.760 0.524 0.003 7.469 

Water scarcity m3 eq 2.572 0.022 -0.018 0.003 0.001 2.580 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.069 0.285 0.958 0.029 0.000 1.341 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.006 0.173 0.006 0.006 0.000 0.191 

Use of renewable 

primary energy 

resources. total 

MJ 0.074 0.458 0.964 0.035 0.000 1.532 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.696 0.843 5.351 0.646 0.003 7.540 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.138 0.910 0.000 0.000 0.000 1.049 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.834 1.754 5.351 0.646 0.003 8.589 

Secondary materials kg - 0.032 - - - 0.032 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.057 0.001 0.000 0.000 0.000 0.058 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.130 0.239 0.780 0.118 0.033 1.299 

Cumulative energy 

demand 
MJ 0.770 1.301 6.316 0.682 0.003 9.072 
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Table D-23 LCA results (Product ID 37). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.046 0.062 0.345 0.038 0.018 0.509 

Acidification kg SO2 eq 0.000 0.000 0.000 0.000 0.000 0.001 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.25E-05 1.39E-05 3.67E-05 5.42E-06 1.28E-06 2.48E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.06E-06 3.87E-07 3.67E-09 1.00E-09 1.17E-10 1.45E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.546 1.210 5.055 0.522 0.003 7.335 

Water scarcity m3 eq 1.972 0.017 0.059 0.003 0.001 2.052 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.020 0.275 0.070 0.026 0.000 0.391 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.171 0.007 0.005 0.000 0.187 

Use of renewable 

primary energy 

resources. total 

MJ 0.024 0.446 0.077 0.031 0.000 0.578 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.529 0.666 5.708 0.634 0.003 7.540 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.106 0.787 0.000 0.000 0.000 0.893 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.636 1.453 5.708 0.634 0.003 8.434 

Secondary materials kg - 0.032 - - - 0.032 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.044 0.001 0.002 0.000 0.000 0.046 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.096 0.211 0.881 0.115 0.033 1.337 

Cumulative energy 

demand 
MJ 0.553 1.111 5.785 0.665 0.003 8.119 

 

 

 

 

 



238  APPENDIX D 

 

Table D-24 LCA results (Product ID 39). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.061 0.075 0.423 0.037 0.018 0.614 

Acidification kg SO2 eq 0.001 0.000 0.001 0.000 0.000 0.002 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.16E-05 1.66E-05 3.69E-05 5.26E-06 1.28E-06 1.84E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.41E-06 3.96E-07 2.68E-09 9.74E-10 1.17E-10 1.81E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.720 1.551 6.412 0.506 0.003 9.192 

Water scarcity m3 eq 2.573 0.023 -0.007 0.003 0.001 2.593 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.069 0.288 0.094 0.025 0.000 0.476 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.006 0.174 0.008 0.005 0.000 0.193 

Use of renewable 

primary energy 

resources. total 

MJ 0.075 0.462 0.102 0.030 0.000 0.670 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.696 0.921 7.240 0.615 0.003 9.475 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.138 0.940 0.000 0.000 0.000 1.078 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.835 1.860 7.240 0.615 0.003 10.553 

Secondary materials kg - 0.032 - - - 0.032 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.057 0.001 0.000 0.000 0.000 0.058 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.130 0.249 1.079 0.111 0.033 1.601 

Cumulative energy 

demand 
MJ 0.771 1.383 7.342 0.645 0.003 10.145 
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Table D-25 LCA results (Product ID 40). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.071 0.539 0.385 0.033 0.000 1.028 

Acidification kg SO2 eq 0.001 0.003 0.001 0.000 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -4.82E-05 1.56E-04 4.38E-05 4.48E-06 8.24E-09 1.56E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.61E-06 1.63E-05 5.05E-09 4.37E-10 1.39E-12 1.79E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.842 5.461 5.574 0.473 0.001 12.352 

Water scarcity m3 eq 2.967 0.147 0.084 0.002 0.000 3.199 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.049 1.584 0.069 0.010 0.000 1.713 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 0.281 0.008 0.002 0.000 0.298 

Use of renewable 

primary energy 

resources. total 

MJ 0.056 1.865 0.077 0.012 0.000 2.011 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.825 6.595 6.284 0.533 0.001 14.238 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.160 0.093 0.000 0.000 0.000 0.253 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.984 6.688 6.284 0.533 0.001 14.491 

Secondary materials kg - 0.063 - - - 0.063 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.066 0.005 0.002 0.000 0.000 0.073 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.151 1.522 0.985 0.093 0.000 2.753 

Cumulative energy 

demand 
MJ 0.880 8.460 6.362 0.546 0.001 16.249 
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Table D-26 LCA results (Product ID 42). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.082 0.484 0.361 0.047 0.000 0.974 

Acidification kg SO2 eq 0.001 0.002 0.000 0.000 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.35E-05 8.32E-05 4.07E-05 7.49E-06 4.91E-08 7.80E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.81E-06 1.31E-06 5.40E-09 7.06E-10 8.29E-12 3.13E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.962 5.817 5.288 0.665 0.004 12.736 

Water scarcity m3 eq 3.328 0.165 0.086 0.004 0.000 3.583 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.068 1.035 0.445 0.017 0.000 1.565 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.008 0.545 0.008 0.004 0.000 0.565 

Use of renewable 

primary energy 

resources. total 

MJ 0.076 1.580 0.453 0.021 0.000 2.130 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.950 6.425 5.942 0.758 0.004 14.080 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.179 0.250 0.000 0.000 0.000 0.429 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.129 6.675 5.942 0.758 0.004 14.509 

Secondary materials kg - 0.134 - - - 0.134 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.074 0.004 0.002 0.000 0.000 0.081 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.176 1.434 0.931 0.134 0.001 2.675 

Cumulative energy 

demand 
MJ 1.027 8.005 6.395 0.779 0.004 16.210 
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Table D-27 LCA results (Product ID 43). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.054 0.708 0.292 0.062 0.000 1.116 

Acidification kg SO2 eq 0.001 0.004 0.000 0.000 0.000 0.005 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.66E-05 2.04E-04 3.07E-05 8.48E-06 1.08E-08 2.07E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.22E-06 2.11E-05 3.91E-09 1.04E-09 1.82E-12 2.23E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.642 7.165 4.346 0.875 0.001 13.029 

Water scarcity m3 eq 2.256 0.194 0.059 0.004 0.000 2.512 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.038 2.229 0.414 0.025 0.000 2.707 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.496 0.006 0.005 0.000 0.513 

Use of renewable 

primary energy 

resources. total 

MJ 0.043 2.726 0.420 0.031 0.000 3.220 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.630 8.715 4.887 1.005 0.001 15.239 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.121 0.086 0.000 0.000 0.000 0.207 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.751 8.801 4.887 1.005 0.001 15.446 

Secondary materials kg - 0.103 - - - 0.103 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.050 0.006 0.002 0.000 0.000 0.058 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.116 2.033 0.753 0.178 0.000 3.080 

Cumulative energy 

demand 
MJ 0.673 11.441 5.307 1.036 0.001 18.458 
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Table D-28 LCA results (Product ID 48). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.075 0.497 0.433 0.049 0.000 1.054 

Acidification kg SO2 eq 0.001 0.002 0.001 0.000 0.000 0.004 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.07E-05 8.73E-05 4.70E-05 6.32E-06 4.93E-08 9.00E-05 

Abiotic depletion. 

elements 
kg Sb eq 1.69E-06 1.81E-06 5.43E-09 1.84E-10 8.32E-12 3.51E-06 

Abiotic depletion. 

fossil fuels 
MJ 0.885 5.913 6.351 0.715 0.004 13.868 

Water scarcity m3 eq 3.119 0.168 0.087 0.001 0.000 3.375 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.052 1.066 0.073 0.002 0.000 1.193 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 0.542 0.009 0.001 0.000 0.559 

Use of renewable 

primary energy 

resources. total 

MJ 0.059 1.608 0.082 0.003 0.000 1.752 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.867 6.557 7.163 0.764 0.004 15.355 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.168 0.236 0.000 0.000 0.000 0.404 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.035 6.793 7.163 0.764 0.004 15.759 

Secondary materials kg - 0.134 - - - 0.134 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.070 0.004 0.002 0.000 0.000 0.076 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.159 1.467 1.110 0.130 0.001 2.867 

Cumulative energy 

demand 
MJ 0.925 8.165 7.245 0.767 0.004 17.106 
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Table D-29 LCA results (Product ID 49). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.045 0.687 0.299 0.035 0.000 1.067 

Acidification kg SO2 eq 0.000 0.004 0.000 0.000 0.000 0.005 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -3.33E-05 2.00E-04 2.48E-05 4.82E-06 1.08E-08 1.97E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.09E-06 2.09E-05 2.02E-09 6.17E-10 1.82E-12 2.20E-05 

Abiotic depletion. 

fossil fuels 
MJ 0.536 6.883 4.596 0.494 0.001 12.510 

Water scarcity m3 eq 2.008 0.187 -0.009 0.002 0.000 2.188 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.031 2.025 0.054 0.015 0.000 2.124 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.355 0.006 0.003 0.000 0.368 

Use of renewable 

primary energy 

resources. total 

MJ 0.034 2.380 0.059 0.018 0.000 2.492 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 0.509 8.347 5.178 0.571 0.001 14.606 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.108 0.080 0.000 0.000 0.000 0.188 

Use of non-renewable 

primary energy 

resources. total 

MJ 0.618 8.427 5.178 0.571 0.001 14.794 

Secondary materials kg - 0.077 - - - 0.077 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.045 0.006 0.000 0.000 0.000 0.051 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.093 1.938 0.766 0.101 0.000 2.899 

Cumulative energy 

demand 
MJ 0.544 10.727 5.237 0.589 0.001 17.098 
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Table D-30 LCA results (Product ID 12). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.145 0.690 0.289 0.041 0.000 1.165 

Acidification kg SO2 eq 0.002 0.004 0.000 0.000 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.002 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.89E-05 1.99E-04 2.93E-05 5.27E-06 7.32E-09 1.75E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.25E-06 2.05E-05 4.32E-09 1.76E-10 1.24E-12 2.18E-05 

Abiotic depletion. 

fossil fuels 
MJ 1.600 6.994 4.277 0.594 0.001 13.466 

Water scarcity m3 eq 1.098 0.189 0.036 0.001 0.000 1.324 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.308 2.176 0.066 0.002 0.000 2.552 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.485 0.008 0.001 0.000 0.497 

Use of renewable 

primary energy 

resources. total 

MJ 0.311 2.661 0.073 0.003 0.000 3.049 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.746 8.507 4.853 0.637 0.001 15.743 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.002 0.084 0.000 0.000 0.000 0.086 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.748 8.590 4.853 0.637 0.001 15.829 

Secondary materials kg - 0.100 - - - 0.100 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.025 0.006 0.001 0.000 0.000 0.032 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.289 1.984 0.740 0.109 0.000 3.122 

Cumulative energy 

demand 
MJ 2.057 11.168 4.926 0.640 0.001 18.791 
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Table D-31 LCA results (Product ID 45). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.151 0.751 0.215 0.053 0.056 1.225 

Acidification kg SO2 eq 0.002 0.003 0.000 0.000 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.002 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.66E-05 1.37E-04 2.17E-05 7.50E-06 7.73E-06 1.18E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.24E-06 4.07E-06 4.07E-09 1.33E-09 1.12E-09 5.32E-06 

Abiotic depletion. 

fossil fuels 
MJ 1.657 8.791 3.228 0.729 0.776 15.181 

Water scarcity m3 eq 1.108 0.249 0.030 0.004 0.004 1.395 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.548 1.633 0.443 0.034 0.028 2.686 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.777 0.006 0.007 0.006 0.801 

Use of renewable 

primary energy 

resources. total 

MJ 0.553 2.410 0.449 0.041 0.034 3.487 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.820 9.817 3.650 0.878 0.909 17.074 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.003 0.312 0.000 0.000 0.000 0.315 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.823 10.128 3.650 0.878 0.909 17.388 

Secondary materials kg - 0.195 - - - 0.195 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.025 0.007 0.001 0.000 0.000 0.033 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.310 2.208 0.556 0.159 0.162 3.396 

Cumulative energy 

demand 
MJ 2.373 12.226 4.099 0.919 0.942 20.560 
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Table D-32 LCA results (Product ID 46). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.153 0.826 0.207 0.029 0.000 1.215 

Acidification kg SO2 eq 0.002 0.004 0.000 0.000 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.002 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -5.75E-05 2.39E-04 2.09E-05 4.01E-06 1.27E-08 2.06E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.26E-06 2.48E-05 4.10E-09 5.62E-10 2.14E-12 2.60E-05 

Abiotic depletion. 

fossil fuels 
MJ 1.685 8.315 3.111 0.405 0.001 13.518 

Water scarcity m3 eq 1.127 0.224 0.030 0.002 0.000 1.383 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.563 2.552 0.517 0.014 0.000 3.646 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.532 0.006 0.003 0.000 0.547 

Use of renewable 

primary energy 

resources. total 

MJ 0.568 3.084 0.523 0.017 0.000 4.192 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.851 10.127 3.524 0.473 0.001 15.976 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.003 0.083 0.000 0.000 0.000 0.086 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.854 10.210 3.524 0.473 0.001 16.063 

Secondary materials kg - 0.117 - - - 0.117 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.025 0.007 0.001 0.000 0.000 0.033 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.316 2.361 0.536 0.084 0.000 3.297 

Cumulative energy 

demand 
MJ 2.419 13.211 4.048 0.490 0.001 20.169 
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Table D-33 LCA results (Product ID 7). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.209 1.311 0.297 0.097 0.000 1.915 

Acidification kg SO2 eq 0.003 0.007 0.000 0.000 0.000 0.010 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.001 0.000 0.000 0.000 0.002 

Formation potential of 

tropospheric ozone 
kg C2H4 eq 7.29E-06 3.79E-04 1.96E-05 1.27E-05 2.00E-08 4.19E-04 

Abiotic depletion. 

elements 
kg Sb eq 2.70E-06 3.91E-05 1.61E-09 6.76E-10 3.38E-12 4.18E-05 

Abiotic depletion. 

fossil fuels 
MJ 2.770 13.302 4.753 1.400 0.002 22.226 

Water scarcity m3 eq 7.512 0.358 0.302 0.004 0.000 8.176 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.379 4.036 0.625 0.013 0.000 5.053 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.009 0.842 0.006 0.003 0.000 0.860 

Use of renewable 

primary energy 

resources. total 

MJ 0.388 4.877 0.631 0.016 0.000 5.912 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 3.035 16.154 5.350 1.523 0.002 26.064 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.004 0.171 0.000 0.000 0.000 0.175 

Use of non-renewable 

primary energy 

resources. total 

MJ 3.039 16.325 5.350 1.523 0.002 26.239 

Secondary materials kg - 0.059 - - - 0.059 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.168 0.011 0.007 0.000 0.000 0.186 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.508 3.748 0.767 0.262 0.000 5.285 

Cumulative energy 

demand 
MJ 3.423 21.031 5.981 1.539 0.002 31.976 
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Table D-34 LCA results (Product ID 41). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.128 0.843 0.194 0.033 0.000 1.199 

Acidification kg SO2 eq 0.002 0.004 0.000 0.000 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq 4.47E-06 2.44E-04 1.58E-05 4.55E-06 1.30E-08 2.69E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.65E-06 2.54E-05 3.34E-09 5.32E-10 2.19E-12 2.70E-05 

Abiotic depletion. 

fossil fuels 
MJ 1.693 8.428 3.028 0.472 0.001 13.622 

Water scarcity m3 eq 4.596 0.227 0.310 0.002 0.000 5.135 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.231 2.613 0.420 0.013 0.000 3.278 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.546 0.006 0.003 0.000 0.560 

Use of renewable 

primary energy 

resources. total 

MJ 0.237 3.159 0.426 0.016 0.000 3.838 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.854 10.297 3.437 0.540 0.001 16.129 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.002 0.054 0.000 0.000 0.000 0.056 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.857 10.351 3.437 0.540 0.001 16.186 

Secondary materials kg - 0.120 - - - 0.120 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.103 0.007 0.007 0.000 0.000 0.117 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.311 2.410 0.503 0.095 0.000 3.319 

Cumulative energy 

demand 
MJ 2.091 13.456 3.863 0.556 0.001 19.967 

 

 

 

 

 



APPENDIX D   249 

 

 

Table D-35 LCA results (Product ID 44). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.111 0.804 0.192 0.035 0.000 1.143 

Acidification kg SO2 eq 0.001 0.004 0.000 0.000 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.000 0.000 0.001 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq 4.06E-06 2.32E-04 1.69E-05 4.83E-06 1.23E-08 2.58E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.40E-06 2.41E-05 4.26E-09 7.21E-10 2.08E-12 2.55E-05 

Abiotic depletion. 

fossil fuels 
MJ 1.456 8.109 2.966 0.484 0.001 13.016 

Water scarcity m3 eq 3.916 0.218 0.336 0.002 0.000 4.472 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.198 2.480 0.429 0.018 0.000 3.125 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.515 0.007 0.004 0.000 0.531 

Use of renewable 

primary energy 

resources. total 

MJ 0.203 2.996 0.436 0.022 0.000 3.657 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.596 9.872 3.379 0.569 0.001 15.417 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.002 0.086 0.000 0.000 0.000 0.088 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.598 9.958 3.379 0.569 0.001 15.505 

Secondary materials kg - 0.115 - - - 0.115 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.088 0.007 0.008 0.000 0.000 0.102 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.267 2.299 0.499 0.102 0.000 3.167 

Cumulative energy 

demand 
MJ 1.800 12.868 3.814 0.591 0.001 19.074 
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Table D-36 LCA results (Product ID 50). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.133 0.756 0.305 0.061 0.000 1.256 

Acidification kg SO2 eq 0.002 0.003 0.000 0.000 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.001 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq 4.73E-06 1.39E-04 2.39E-05 8.68E-06 7.10E-08 1.76E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.71E-06 4.10E-06 1.38E-09 1.64E-09 1.20E-11 5.81E-06 

Abiotic depletion. 

fossil fuels 
MJ 1.771 8.883 4.712 0.832 0.006 16.204 

Water scarcity m3 eq 4.756 0.252 0.196 0.005 0.000 5.209 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.239 1.685 0.056 0.042 0.000 2.023 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.006 0.814 0.006 0.009 0.000 0.834 

Use of renewable 

primary energy 

resources. total 

MJ 0.245 2.499 0.062 0.051 0.000 2.857 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.942 9.922 5.310 1.014 0.006 18.194 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.003 0.323 0.000 0.000 0.000 0.327 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.945 10.245 5.310 1.014 0.006 18.521 

Secondary materials kg - 0.199 - - - 0.199 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.107 0.007 0.004 0.000 0.000 0.118 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.325 2.233 0.780 0.184 0.001 3.523 

Cumulative energy 

demand 
MJ 2.187 12.421 5.372 1.065 0.006 21.051 
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Table D-37 LCA results (Product ID 9). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.461 1.231 0.254 0.077 0.000 2.023 

Acidification kg SO2 eq 0.011 0.006 0.000 0.000 0.000 0.018 

Eutrophication 
kg PO4

3- 

eq 
0.006 0.001 0.000 0.000 0.000 0.007 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -2.45E-04 3.56E-04 1.87E-05 1.04E-05 1.88E-08 1.40E-04 

Abiotic depletion. 

elements 
kg Sb eq 4.63E-06 3.67E-05 1.74E-09 1.10E-09 3.17E-12 4.13E-05 

Abiotic depletion. 

fossil fuels 
MJ 4.605 12.489 4.000 1.094 0.001 22.189 

Water scarcity m3 eq 13.425 0.336 0.079 0.004 0.000 13.844 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.107 3.796 0.931 0.026 0.000 4.861 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.019 0.798 0.005 0.006 0.000 0.827 

Use of renewable 

primary energy 

resources. total 

MJ 0.125 4.594 0.937 0.032 0.000 5.688 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 5.134 15.169 4.481 1.240 0.002 26.025 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.006 0.161 0.000 0.000 0.000 0.166 

Use of non-renewable 

primary energy 

resources. total 

MJ 5.139 15.329 4.481 1.240 0.002 26.191 

Secondary materials kg - 0.175 - - - 0.175 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.300 0.010 0.002 0.000 0.000 0.313 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.810 3.520 0.656 0.218 0.000 5.203 

Cumulative energy 

demand 
MJ 5.259 19.763 5.418 1.272 0.002 31.713 
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Table D-38 LCA results (Product ID 21). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.445 0.707 0.319 0.230 0.000 1.701 

Acidification kg SO2 eq 0.011 0.004 0.001 0.001 0.000 0.016 

Eutrophication 
kg PO4

3- 

eq 
0.006 0.000 0.000 0.000 0.000 0.006 

Formation potential of 

tropospheric ozone 
kg C2H4 eq -2.37E-04 2.05E-04 2.76E-05 2.95E-05 1.11E-08 2.55E-05 

Abiotic depletion. 

elements 
kg Sb eq 4.47E-06 2.15E-05 1.82E-09 8.59E-10 1.87E-12 2.60E-05 

Abiotic depletion. 

fossil fuels 
MJ 4.447 7.109 4.835 3.338 0.001 19.730 

Water scarcity m3 eq 12.966 0.190 0.084 0.007 0.000 13.247 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.103 2.043 0.069 0.010 0.000 2.225 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.018 0.334 0.006 0.003 0.000 0.361 

Use of renewable 

primary energy 

resources. total 

MJ 0.121 2.377 0.075 0.013 0.000 2.587 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 4.958 8.610 5.446 3.565 0.001 22.580 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.005 0.095 0.000 0.000 0.000 0.101 

Use of non-renewable 

primary energy 

resources. total 

MJ 4.963 8.706 5.446 3.565 0.001 22.681 

Secondary materials kg - 0.083 - - - 0.083 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.290 0.006 0.002 0.000 0.000 0.298 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.782 1.988 0.814 0.609 0.000 4.193 

Cumulative energy 

demand 
MJ 5.079 10.987 5.521 3.579 0.001 25.167 
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Table D-39 LCA results (Product ID 8). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.140 1.064 0.209 0.113 0.001 1.526 

Acidification kg SO2 eq 0.001 0.005 0.000 0.000 0.000 0.007 

Eutrophication 
kg PO4

3- 

eq 
0.000 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq 2.49E-05 2.05E-04 1.68E-05 1.55E-05 9.40E-08 2.62E-04 

Abiotic depletion. 

elements 
kg Sb eq 2.06E-06 8.22E-06 1.35E-09 2.06E-09 1.59E-11 1.03E-05 

Abiotic depletion. 

fossil fuels 
MJ 1.940 12.196 3.257 1.585 0.007 18.986 

Water scarcity m3 eq 0.088 0.344 0.012 0.007 0.000 0.452 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.421 2.337 0.279 0.051 0.000 3.088 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.007 1.010 0.004 0.011 0.000 1.031 

Use of renewable 

primary energy 

resources. total 

MJ 0.427 3.346 0.283 0.062 0.000 4.119 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 2.126 13.734 3.649 1.838 0.008 21.354 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.003 0.368 0.000 0.000 0.000 0.371 

Use of non-renewable 

primary energy 

resources. total 

MJ 2.128 14.102 3.649 1.838 0.008 21.725 

Secondary materials kg - 0.261 - - - 0.261 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.002 0.009 0.000 0.000 0.000 0.012 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.360 3.105 0.540 0.326 0.002 4.332 

Cumulative energy 

demand 
MJ 2.553 17.081 3.932 1.900 0.008 25.474 
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Table D-40 LCA results (Product ID 47). 

Impact category Unit Ingredients Packaging Core Distribution End of life Total 

Global warming 

potential 
kg CO2 eq 0.125 0.834 0.193 0.037 0.000 1.189 

Acidification kg SO2 eq 0.001 0.004 0.000 0.000 0.000 0.006 

Eutrophication 
kg PO4

3- 

eq 
0.000 0.000 0.000 0.000 0.000 0.001 

Formation potential of 

tropospheric ozone 
kg C2H4 eq 2.22E-05 2.42E-04 1.53E-05 5.23E-06 1.30E-08 2.85E-04 

Abiotic depletion. 

elements 
kg Sb eq 1.84E-06 2.52E-05 1.92E-09 8.82E-10 2.19E-12 2.70E-05 

Abiotic depletion. 

fossil fuels 
MJ 1.728 8.413 3.014 0.513 0.001 13.669 

Water scarcity m3 eq 0.081 0.227 0.011 0.003 0.000 0.322 

Use of resources Unit Ingredients Packaging Core Distribution End of life Total 

Use of renewable 

primary energy 

resources. energy 

carrier 

MJ 0.375 2.469 0.414 0.022 0.000 3.280 

Use of renewable 

primary energy 

resources. raw 

material 

MJ 0.006 0.447 0.004 0.005 0.000 0.462 

Use of renewable 

primary energy 

resources. total 

MJ 0.381 2.916 0.418 0.027 0.000 3.743 

Use of non-renewable 

primary energy 

resources. energy 

carrier 

MJ 1.894 10.187 3.395 0.614 0.001 16.091 

Use of non-renewable 

primary energy 

resources. raw 

material 

MJ 0.002 0.119 0.000 0.000 0.000 0.122 

Use of non-renewable 

primary energy 

resources. total 

MJ 1.896 10.307 3.395 0.614 0.001 16.213 

Secondary materials kg - 0.101 - - - 0.101 

Renewable secondary 

fuels 
MJ - - - - - - 

Non-renewable 

secondary fuels 
MJ - - - - - - 

Net water 

consumption 
m3 0.002 0.007 0.000 0.000 0.000 0.010 

Other indicators Unit Ingredients Packaging Core Distribution End of life Total 

Ecological footprint m2 yr 0.321 2.359 0.499 0.111 0.000 3.289 

Cumulative energy 

demand 
MJ 2.275 13.104 3.813 0.641 0.001 19.834 

 


