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Overnutrition is a significant
component of food waste

and has a large environmental
impact

Silvio Franco?, Marco Barbanera?’, Roberto Moscetti?, Clara Cicatiello?, Luca Secondi’® &
Riccardo Massantini?

Food waste and obesity and overweight conditions are both linked to the unsustainability of current
food systems. This article argues that overnutrition should be considered a form of food waste and it
provides a first estimation of the quantity of food over-consumed in Italy. This is done by calculating
the excess calories consumed by obese and overweight people and converting them into food
quantities by comparison with a typical Italian diet. The total quantity of food consumed in excess by
Italian citizens due to overnutrition is calculated as 1.553 million tonnes per year, which is comparable
to the current national household food waste assessments. The environmental impact arising from
production and consumption of this food accounts for 6.15 Mt of CO,-eq per year, as estimated by

a Life Cycle Analysis conducted on the 46 food categories which compose the typical Italian diet.
Overnutrition in the South-Islands regions of Italy exerts the largest impact (31.6%), followed by the
North-West (26.6%), the Centre (22.2%), and the North-East (19.1%).

With the rise in global obesity level, an increasing number of people constantly consume food beyond the rec-
ommended caloric intake!. The current definition of Food Waste (FW) does not include overnutrition, although
several authors support the idea that the food consumed in excess of individual needs should be accounted as
a waste>?.

The discussion about overnutrition and FW is gaining attention as both phenomena are key challenges for
the sustainability of current food systems. On the one hand, health problems resulting from being overweight
or obese now affect more than 2 billion people? and the growing debate about the worldwide obesity epidemic
is pushing policy makers and food chain actors to take action. Although obesity is not explicitly featured in any
of the Sustainable Development Goals it has been defined “a Ghost at the Feast™ because many of the goals are
linked to the reduction of obesity. On the other hand, FW is currently estimated as 17% of the food available at
the retail and consumer level, accounting for 931 million tonnes per year, 61% of which occur at the consumer
level®. FW is considered a major challenge for the sustainability of food systems, and it is directly addressed by the
Sustainable Development Goal target 12.3, that seeks to halve per capita global FW by 2030. With the food sector
representing a major contributor to greenhouse gas (GHG) emissions, about 18 Gt CO, eq. in 2015, representing
34% of total GHG emissions’, it is now recognized that the FW issue entails a relevant environmental impact®.

There is increasing evidence that a remarkable amount of food is consumed in excess due to the higher energy
demands of obese and overweight individuals’. The production and consumption of such food puts pressure
on natural resources and on the environment'?, just as the food that is lost and wasted at different stages of the
supply chain'!. It should also be noted that if overnutrition was not considered a component of FW, then eating
more food than needed could be considered a strategy to prevent wasting food'? and for the pursuance of food
security. This would clearly create a huge paradox in a world that is struggling with the obesity epidemic. Despite
the growing consensus around this theoretical approach, assessing the magnitude of this “new” component of
FW is critical to understanding its relevance and role. This article presents the results of a first quantification of
the food wasted due to overnutrition in Italy, and its environmental impact.
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Overweight conditions in Italy

In Italy in 2019, 43.5% of males and 28% of females were overweight, while 11.7% and 9.8% were obese!®. This
figure is underestimated because it only refers to people aged over 18, while we know that overweight conditions
are also very common in childhood". The trend of overweight populations is increasing worldwide; a rise in
obesity of 11.2% amongst men and 8.6% amongst women was observed between 1991 and 2018, together with
an even higher rise in the numbers of overweight people (+69.1% among males, + 53.3% females)".

Such conditions are closely linked to overnutrition: that is, excessive consumption of food. The relationship
between overweight and overnutrition is bi-directional: on the one hand, overnutrition is a cause of over-
weight and obesity; on the other hand, overweight/obese people require a greater food intake to maintain their
(increased) basal metabolism. Edwards and Roberts'® estimate that obese people have an + 18% food consumption
with respect to a standard diet. In this article we argue that such overconsumption of food represents a form of
FW, which adds up with the food lost in the upstream stages of the supply chain.

With the aim of understanding whether the amount of this form of FW is significant—both in absolute
terms and with respect to other forms of consumer FW—we attempted a first estimate based on Italian data of
overweight conditions.

Results

Extent of overnutrition in Italy. The first result of this study is an estimation of the extent of overnutri-
tion in Italy, based on national data about overweight conditions. Such estimation assumes that overnutrition
is the additional caloric intake required to maintain an overweight/obese person in her/his current condition.
Overnutrition is thus evaluated as the difference between the calories ingested and the recommended calorie
intake!” or, in other terms, the energy gap between the food consumed and the food required''8. Such difference
was estimated considering the body mass index of the overweight/obese people, broken down by gender and
age classes, as well as different levels of physical activity for the different categories of individual (see “Methods”
section for more detail).

Overall, we estimated that overnutrition accounts for 2.676 billion kcal per year for the Italian population,
64% of which is due to the increased caloric intake of overweight people. Significant territorial differences can be
detected in this estimation with 32% of the total overnutrition occurring in the South of Italy, while North-West,
North-East and the Centre of the country account for 25%, 20% and 22% of the total, respectively.

Quantity of food corresponding to overnutrition. To estimate the quantity of food corresponding to
the excess calories consumed by Italian overweight and obese people, we have pieced together the food catego-
ries—and the respective quantities—that make up a typical Italian diet.

Based on the third Italian National Food Consumption Survey (INRAN-SCAI 2005-2006, more info at www.
crea.gov.it), the present study identified the main features of the typical Italian diet in 11 large categories and
46 subcategories of foods and beverages. Figure 1 shows the average daily food consumption by food category
of adult males and females (18-64 years) in the four main geographical areas of Italy (North-West, North-East,
Centre and South-Islands). The same figure includes examples of standard portion sizes per food category,
determined using the fourth edition of the LARN (Level Assumption Recommended Nutrients) for the Italian
population'. They represent reasonable quantities of food, consistent with food tradition and consumer expec-
tations, taken as reference units for both nutrition professionals and consumers. At first glance, the daily food
consumption pattern is characterized by the highest contribution from cereals and cereal products, oils, and fats,
followed by meat, vegetables, fruits, alcoholic beverages, and sweets. On the other hand, daily consumption of
pulses, fish and eggs is substantially lower than the standard portions of 150 g fresh pulses, 150 g fresh fish and
50 g eggs, respectively. Food consumption data shows similar patterns among the four main macro-regions,
which were otherwise characterized by a tendency towards a lower daily food consumption in the South-Islands
area with some exceptions (i.e., fish, eggs, oils, and fats). The caloric content of such diets is shown in Table 1,
where the specific caloric content of each food included in the diet is used to calculate the total caloric content.

The conversion rate between caloric content and quantity of food has been used to calculate the equivalent
quantity of food corresponding to the excess calories intake consumed by Italian overweight and obese people.
Such estimation is made for all the 46 food categories considered in the typical diet, summing up to 1.553 mil-
lion tonnes of equivalent food over-consumed in Italy every year (Fig. 2). The food categories that are most
represented (Fig. 3) are cereals, fruits, and vegetables, which together make up almost half of the total food
over-consumed. No significant differences can be detected among the Italian macro-regions concerning the
prevalence of such food categories in overnutrition.

Environmental impact of overnutrition. The GHG emissions associated with overnutrition in Italy are
calculated for each Italian macro-region, distinguishing between overweight and obese people, and splitting
the environmental impacts among the supply chain stages of each foodstuff. In particular, the following stages
are considered: production (including primary agricultural and fishery production), transformation (including
food processing), packaging (including production of primary packaging and its end of life), transport (includ-
ing raw material transport to processing plant or distribution centre and transportation from processing place to
distribution centres), distribution (including transportation from distribution centres to retailers and the storage
at the distribution centre and at the supermarket) and consumption (including the cooking phase of food). The
GHG emissions considered for each stage are reported in the Supplementary Information.

The total GHG emissions of overnutrition in Italy are estimated at 6.15 Mt of CO,-eq per year (Table 2),
which corresponds to an additional emission burden of about 24% and 12% for obese and overweight adults
than normal-weight people, respectively. On average, each normal-weight person’s food-related emissions in
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Figure 1. Mean individual daily consumption by food category in male and female adults (18-64 years) in
the four Italian macro-regions (INRAN-SCAI, 2005-2006). Numbers are expressed in grams per day. Red
horizontal lines represent the standard portion sizes for each food category, expressed in grams per day.

Macro-region | Weight of the typical daily diet (g) | Caloric content of the typical daily diet (kcal) | Total conversion rate g/kcal
North-West 1216 2067 0.59
North-East 1252 2178 0.57
Centre 1282 2176 0.59
South-Islands 1121 1960 0.57

Table 1. Caloric content of the typical Italian diet by macro-region. The table reports the weight of the typical
diet expressed in grams per day, its caloric content expressed in kcal, and the conversion rate obtained by
dividing the weight of the daily diet by its respective caloric content, expressed in grams per kcal. For each
area, a conversion rate, expressed in grams of food for each kcal, is calculated as the ration between the two.
This conversion rate supports the conversion of kcal into quantities of food.

2018 were 1.75 t CO,-eq, with differences in the range of —7.9% and + 5.4% among Italian macro-areas. This data
is comparable with that reported by Crippa et al.” who estimated 2.4 t CO,-eq in 2015 for the European region
(but including GHG emissions associated with land use and land-use change activities). The results are also
aligned with the value obtained by Battle-Bayer et al.’, equal to 1.6 t CO,-eq per capita for an average Spanish
adult citizen. However, comparisons among different studies are difficult mainly due to the differences in terms
of functional units (mass-based or energy-based) and system boundaries.

With respect to the contribution of Italian macro-regions to the environmental burden due to overnutrition,
it is interesting to highlight that the South-Islands is the macro-region with the largest impact (31.6%), followed
by the North-West (26.6%), the Centre (22.2%), and the North-East (19.1%).

Figure 4 shows the contribution of the food categories to GHG emissions due to increased food intake. In
all Italian macro-regions, the consumption of beef was responsible for the largest environmental impact of
overnutrition, despite accounting for only 3.2% of the food weight at national level. Cheese, fresh fish, and other
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Figure 2. Quantity of equivalent food consumed in excess in Italy, in 1 year, due to overnutrition of overweight
and obese people in Italy, by macro-region. Numbers are expressed in tonnes per year, and they refer to the
whole population of each region. The total food consumed in excess adds up to 1.553 million tonnes of food in
the whole country.
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Figure 3. Contribution of food categories to overnutrition of overweight and obese people in Italy. The Figure
represents the percentage contribution of each food category to the total food consumed in excess in the whole
country.

meats (rabbit and lamb) followed in terms of importance but with different contributions to the total GHG
emissions. The most significant differences were related to South-Islands and North-East macro-regions, where
fresh fish and other meats were the second-largest contributors, accounting for 10.2% and 7.5%, respectively.
Overall, animal-based products were the largest contributors (meat: 55%; dairy products: 13%; and fish: 8%)
to the environmental impact of the overnutrition in Italy, followed by fruits and vegetables (9%), cereal-based
products (7%) and sweets (5%).

In terms of life cycle processes, the primary production is the phase that has the largest impact on total
GHG emissions (82.3%), followed by transportation (6.0%), packaging (4.8%), food processing stage (4.0%),
preparation (e.g., cooking, 1.9%), and distribution and retail (1.0%). It should be noted that the farming stage
of beef production accounts for about 34% of total GHG emissions associated with Italian overnutrition. In the
Agribalyse database, the production of beef was assumed to come 100% from France and the emission factor for
the production stage was equal to 43.09 kg CO,-eq per kg of (boneless) cooked meat, corresponding to 14.32 kg
CO,-eq per kg of live weight. To evaluate the reliability of this data for the calculation of GHG emissions due
to beef consumption in Italy, the countries of origin and their contribution to the national supply of beef were
considered. Basing on data provided by the FAO Food Balance Sheets*' and ISMEA?, it was determined that
most of the beef consumed in Italy in 2018 was produced in Italy (61%), Poland (7%) and France (7%). Buratti
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Food category North-West | North-East | Centre South-Islands | Italy
Beef meat 648,929 397,919 511,362 601,646 2,159,856
Beer 6095 5496 4435 9167 25,193
Biscuits 26,056 18,724 20,145 19,726 84,651
Bread 18,792 20,198 21,197 29,651 89,838
Breakfast cereals 1119 858 923 1506 4406
Butter 30,449 27,229 12,555 13,660 83,893
Cheese 119,200 89,843 95,023 163,099 467,165
Chocolate 17,963 9179 9876 16,117 53,135
Citrus fruits 13,138 9324 8026 16,045 46,533
Cocoa 8771 6723 7233 0 22,727
Crackers 6122 5162 4039 6592 21,915
Dessert 1200 920 990 1616 4726
Dried fruit 3432 3507 2830 3079 12,848
Eggs 19,999 16,942 17,360 32,581 86,882
Fresh fish 99,233 85,281 84,314 198,305 467,133
Fresh leafy vegetables 16,347 14,164 15,532 18,174 64,217
Fresh tomatoes 12,487 11,586 13,820 20,343 58,236
Ham 71,851 59,007 59,253 100,154 290,265
Ice-creams 7937 6083 8330 5826 28,176
Legumes 2244 1095 2019 3844 9202
Liqueurs 1497 1434 617 1007 4555
Marmalade 2108 1615 1738 1418 6879
Milk 51,618 36,578 45,378 64,226 197,800
Oftal 20,765 7958 17,124 13,973 59,820
Olive oil 18,325 14,952 18,036 27,844 79,157
Other fats 556 853 459 749 2617
Other fresh fruit-bearing vegetables 17,460 14,170 15,245 20,734 67,609
Other fresh vegetables 12,248 8930 10,593 15,278 47,049
Other fruits 29,043 21,050 26,558 33,238 109,889
Other meats 84,045 90,188 69,308 135,733 379,274
Other oils 1333 1532 1649 2691 7205
Other processed vegetables 15,153 12,556 13,509 18,188 59,406
Pasta 54,509 46,044 48,621 85,338 234,512
Pizza 10,260 1311 8461 6904 26,936
Pork meat 30,434 37,907 53,333 87,039 208,713
Poultry meat 40,731 36,729 47,420 67,716 192,596
Preserved fish 10,971 8409 9047 12,656 41,083
Rice 8771 4802 4822 7308 25,703
Root vegetables 8529 6810 6154 6217 27,710
Spices 612 469 505 824 2410
Sugar 6378 4644 5260 6438 22,720
Sweetness 26,003 15,186 19,402 23,331 83,922
Tropical fruits 9869 6051 7324 9297 32,541
Wheat flour 6472 6106 5337 8264 26,179
Wine 15,199 13,070 13,145 14,468 55,882
Yogurt 22,786 16,338 13,941 10,882 63,947
Total 1,637,039 1,204,932 1,362,248 | 1,942,892 6,147,111

Table 2. Total GHG emissions of overnutrition in Italy, broken down by food categories, and calculated for

each macro-region and for Italy as a whole. All data is expressed in t CO,-eq per year.

et al.” reported an environmental impact of 18.21 kg CO,-eq per kg of live weight in Italy, while Bienkowski
et al.?* estimated a value of 25.43 kg CO,-eq per kg of live weight in Poland, highlighting that the emission factor
is acceptable even if slightly underestimated. Considering the emission factor for the beef production in Italy, the
GHG emissions associated with the consumption of beef meat would increase from about 2.16 Mt of CO,-eq to
2.74 Mt of CO,-eq. Moreover, the total GHG emissions of overnutrition in Italy would reach the value of 6.72

Mt of CO,-eq, with an increase of about 10%.
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Figure 4. Contribution of food categories to the GHG emissions of Italian macro-regions. The Figure
represents the percentage contribution of each food category to the total GHG emissions of the food consumed
in excess, in each macro-region of Italy.

Discussion

Overnutrition is at the same time a factor and a consequence of the obesity epidemic: more and more people con-
sume food in excess, thus incurring in obesity and overweight conditions; at the same time, obese and overweight
people need more food than normal weight people to maintain their body. Based on Italian national statistics, the
total excess calories consumed due to overnutrition can be calculated and converted into equivalent quantities of
food, based on a typical Italian diet. The quantity of food corresponding to overnutrition reaches 1.553 million
tonnes, for a total environmental impact of 6.15 Mt of CO,-eq every year. Such food can be considered ‘wasted™
especially because, if not, eating more food than needed would be a solution to avoid part of the FW generated
at the consumer level. Such a “new” component of the FW stream is very significant: in Italy it almost equates to
the FW stream produced at a household level, which is 1.6 million tonnes per year according to Giordano et al.>®
and represents the main FW stream within the food chain.

The analysis points out that overnutrition has a significant environmental impact in Italy, thus calling for a
greater attention to prevent and manage obesity to decrease GHG emissions both on nationally and globally. Just
to put some context around these figures, the total GHG emissions in Italy, excluding emissions and removals
from land use, land use change and forestry, were equal to 418 Mt of CO,-eq in 2019, decreasing by 19.4% from
1990, Therefore, overnutrition accounts for almost 1.5% of the total Italian CO,-eq emissions, corresponding to
about 21% of the GHG emissions of the agriculture sector. Of course, not all GHG emissions due to overnutrition
are produced in Italy because food products are partially imported; this is, however, not a negligible contribution.
Furthermore, the average additional GHG emission cost per capita among all macro-regions in Italy was 121 kg/
year of CO,-eq due to greater food and drink consumption, to which other 476 kg/year of CO,-eq per capita
could be added due to the increased fuel use to transport the greater body weight of an obese person compared
with a person of normal weight?’.

As this is a first exploratory study on the assessment of overnutrition, some limitations should be considered
while interpreting the results. First, the assessment of the calories consumed in excess due to overnutrition is
based on a set of assumptions (explained in detail in the methodology) that may change over time along with the
people’s lifestyle. Second, the conversion of calories into food quantities is based on a standardised diet that is
only relevant for the Italian context. If this study is repeated in other countries, the dietary pattern of the specific
context should be used instead. Third, the assessment of the environmental impact of overnutrition performed
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in this study focused on the climate impacts, but other impact categories may also be relevant and might be
considered in similar studies.

Conclusions

This article argues that overnutrition, that is the consumption of food exceeding an equilibrated calorie intake,
must be considered a form of FW. This study provides the first assessment of the extent of this type of FW, show-
ing that, in Italy, it is comparable with the amount of household FW. Even if overnutrition does not generate a
disposal of food, it significantly contributes to the overall environmental impact of the food chain, mainly in
terms of GHG emissions.

Therefore, overnutrition deserves the same attention as all the other forms of FW, calling for a deeper knowl-
edge of its social, environmental, and economic implications, both at the individual and collective level.

This analysis provides several suggestions to boost the public debate on this topic.

First, it is worth studying overnutrition more in-depth, even beyond the health problems related to overweight
and obesity, focusing on its environmental impact and on the implications for food production. Many scholars
and policy makers argue that agricultural productivity should be increased to assure food security in the next
decades; instead, in countries where the rate of overweight and obese people is higher, this strategy is likely to
further feed overnutrition rather than ensuring a more equitable access to food.

Second, a greater awareness of the extent of overnutrition, and its environmental implications, can help
spreading and adopting more sustainable food consumption styles. At the individual level, an increased sensi-
tivity towards environmental issues is likely to encourage more attentive behaviours with respect to excessive
consumption of food. Even more important, a greater awareness of the consequences of overnutrition at the
societal level might help changing the structure of the “obesogenic environment” thus modifying the underlying
factors of the obesity problem.

Methods

Study design. The estimation of the quantity and environmental impact of overnutrition in Italy followed a
three-step approach. The study moved from national statistics about overweight conditions to calculate the kcal
consumed in excess, every year, by overweight and obese people, with respect to people with normal weight (step
1). These kcal were then converted into food quantities by assuming that the consumption of food exceeding the
individual needs was in line with a typical diet (step 2). Such calculations produced the quantity of each food
category that is consumed in excess by overweight and obese people every year, thus providing an estimation
of the quantity of food that is wasted because of overnutrition. Such quantities of food were used to develop an
analysis of the environmental impact (step 3) that is caused by overnutrition.

All the methods have been performed in accordance with relevant guidelines and regulations.

Estimation of the quantity of food waste due to overnutrition in Italy. Following Edwards and
Roberts'®, who estimate that obese people have overconsume food by 18% with respect to a standard diet, this
study assumes that over-nutrition is the additional caloric intake required to maintain an overweight/obese
person in his/her current condition. Then, in this study over-nutrition is not considered as the cause of extra
weight, but rather as an effect of it.

Over-nutrition is consequently evaluated as the difference between the calories ingested and the recom-
mended calorie intake'” or, in other terms, the energy value of the food consumed and required! ',

To estimate the number of calories over-ingested by overweight/obese Italian people three steps were followed.

1. Estimation of the number of overweight and obese Italian people by gender, age class and macro-region of
the country based on data provided by the National Institute of Statistics'® (Table 1). To detect overweight
and obesity conditions the Body Mass Index (BMI), given by the ratio between weight (kg) and square of
height (m), was used. A BMI ranging from 18.5 to 25 is associated with a normal weight, values between 25
and 30 indicate an overweight conditions, and greater than 30 indicates obesity?® (Table 3).

2. Evaluation of the average daily energy requirement (ER) by gender, age class and macro-region for normal
weight, overweight and obese individuals. The ER is calculated by multiplying basal metabolic rate (BMR)
and physical activity level (PAL)*-".

BMR (kcal/day) is the minimum amount of energy required to maintain life functions®>*. To assess BMR
the Harris-Benedict equation®** was used:

Males: BMR = 66.473 + 13.7516 w + 5.0033 h —6.775Yy,

Females: BMR = 655.1+9.563 w + 1.8496 h —4.6756y,

where w is the weight (kg), h is the height (cm), and y is the age (years).

In our study, y is the average value of age classes and h was estimated for each age class starting from
data on average height of the Italian male and female population in the last century in each one of the four
macro-regions®. To estimate w, the inverse formula of BMI (w = BMI x h?) was used; the average BMI val-
ues (see Table 4) were determined using eight (males/females for each one of the four macro-regions) BMI
curves built supposing a normal distribution and maximizing their fit to data on the share of normal weight,
overweight and obese people®.

PAL, which expresses a person’s daily physical activity, it is measured through a coefficient that assumes
different values for sedentary, active, or vigorous lifestyles®. In this study the PAL coefficient was established
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North-West North-East Centre South-Islands
Age class Male Female Male Female Male Female Male Female
(a) Overweight
18-24 107,602 48,923 81,693 37,340 95,845 43,268 183,415 84,754
25-34 257,920 125,603 192,241 94,677 236,117 115,720 432,168 210,912
35-44 407,112 222,414 305,082 167,831 371,976 208,786 582,341 324,154
45-54 591,508 298,292 445,693 225,227 517,866 273,641 762,243 406,452
55-64 490,347 358,948 372,306 271,455 442,268 334,247 685,246 517,492
65-74 419,781 360,664 309,840 264,159 372,895 323,797 568,786 484,237
75 or over 363,636 415,217 270,128 301,871 322,268 358,690 432,788 473,618
Total 2,637,906 | 1,830,061 | 1,976,982 |1,362,559 |2,359,234 |1,658,150 | 3,646,987 |2,501,619
% 40.4% 26.1% 41.8% 26.9% 42.7% 27.5% 47.9% 30.6%
(b) Obese
18-24 13,565 10,004 11,657 8642 11,418 8361 22,394 16,785
25-34 50,221 37,922 42,366 32,352 43,444 33,014 81,498 61,671
35-44 107,643 70,161 91,298 59,921 92,936 62,235 149,122 99,033
45-54 158,666 108,211 135,311 92,474 131,262 93,801 198,020 142,800
55-64 157,662 132,715 135,487 113,595 134,372 116,776 213,385 185,304
65-74 122,792 128,741 102,579 106,722 103,070 109,216 161,135 167,404
75 or over 98,633 151,492 82,927 124,655 82,598 123,661 113,690 167,353
Total 709,184 639,245 601,625 538,361 599,101 547,063 939,245 840,350
% 10.9% 9.1% 12.7% 10.6% 10.8% 9.1% 12.3% 10.3%

Table 3. Number of overweight (a) and obese (b) people in Italy by gender and macro-regions, based on
ISTAT (2019). Data is expressed in number of persons.

Macro-region North-West North-East Centre South-Islands
Gender Male Female Male Female Male Female Male Female
Normal weight 22.34 21.68 22.36 21.72 22.42 21.75 22.64 21.93
Overweight 27.21 27.18 27.25 27.22 27.21 27.18 27.26 27.21
Obese 31.90 32.47 32.02 32.63 31.85 32.36 31.79 32.32

Table 4. Average BMI values for the Italian population by weight condition, gender, and macro-regions. BMI
is the ratio between weight (kg) and square of height (m). A BMI ranging from 18.5 to 25 is associated with

a normal weight, values between 25 and 30 indicate an overweight condition, greater than 30 they indicate
obesity.

considering a progressive reduction in the level of activity from younger (moderate/light) to older (sedentary)
age groups. The same PAL was associated with different BMI categories, even if it is reasonable to suppose
that in general overweight and especially obese people have lower levels of physical activity.

3. A comparison of ER for overweight and obese persons, as calculated in step 2, with the corresponding ER of
normal-weight persons was performed to estimate the individual daily caloric surplus for overweight and
obese people by gender and age class (see Supplementary Information). These results were used to estimate
the total over-nutrition of overweight and obese people (million kcal/year) in the four Italian macro-regions.

The results are underestimated because data refers only to people over 18 years old. It means that the caloric
intake in excess for overweight and obese younger people, which are a significant share of the total', was not
included in the evaluation.

Definition of the standard diet. Data about daily food consumption was acquired from the third Italian
National Food Consumption Survey” which is the most updated available study on the topic to date, conducted
from October 2005 to December 2006 and well documented by the National Research Institute for Food and
Nutrition (INRAN). The INRAN database was organized in 15 large food categories and fifty-one subcategories,
largely based on the classification developed by the European Food Safety Authority. In the present study, the
original INRAN database was partially used for further analyses. In detail, the food consumption data were
extracted only for the adult age group (18-64 years) and only 11 of 15 large categories, corresponding to 46
subcategories of foods, were considered. The daily consumption of potatoes was aggregated to vegetables, while
meal substitutes; water and other non-alcoholic beverages; and miscellaneous categories were totally excluded
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because they were too generic to be considered as part of an idealized Italian diet. The daily food consumption
is expressed in grams of product.

Conversion of calories consumed in excess into quantities of food. Each food category included
in the typical diet of the four Italian macro-regions is associated with a caloric content per 100 g. The specific
caloric content that is considered for each of the food categories included in the typical diet, based on the cor-
responding INRAN data entry®® is reported in the Supplementary Information. This data is used to calculate
the caloric content of the whole diet per day, with reference to the four Italian macro-regions (Table 1). The
conversion rates between the kcal consumed in excess by overweight and obese people and the correspondent
quantities of food are used to calculate the quantity of each food type corresponding to the kcal over-consumed
by the population of each macro-region. Such quantities are then summed up to deliver the total quantity of food
over-consumed by people in overweight and obese conditions.

Environmental impact of overnutrition. The aim of the study is to analyse the environmental impact
associated to FW due to overnutrition in Italy by applying the LCA methodology. According to the interna-
tional standards of the ISO 14040 series®’, LCA is an environmental methodology that allows us to estimate the
impacts of production processes, through the quantification of inventory data from direct and indirect flows.

The functional unit of the study is the consumption of food by overweight and obese people in Italy over one
year. Each foodstuff is modelled considering the cradle to consumer approach and including the following stages:
farm or fishery, transport to the processing industry, industrial processing, packaging, transport from processing
place to distribution centres and from distribution centres to retailer, storage at retailer, preparation at consumer
and disposal of packaging. Transport from retailer to consumer and FW in the consumer’s household is excluded
from the analysis. For each food item or group of foods, the inventory data are collected from the recently released
Agribalyse 3.0 database. Agribalyse is the French Life Cycle Inventory database for the agriculture and food sector
and the last version, published in 2020, contains LCIs for 2500 agricultural and food products.

The following assumptions and simplifications are made in this study:

- The impacts of each food category are obtained as the average of the impacts of the food items belonging to
it without dressing or seasoning (e.g., for the rice food category, the following food items were considered:
rice, cooked, unsalted; rice, brown, cooked, unsalted; rice, red, cooked, unsalted; wild rice, cooked, unsalted).

- LCI of each food product are modelled per 1 kg of prepared product, considering the mass-changing factors
due to the inedible losses at consumption phase and the raw-to-cooked ratios; at this regard, data about the
FW due to overnutrition in Italy, shown in Fig. 3, are assumed as the amount of cooked and edible food.

- In the food category “other meats”, two types of meat (rabbit and lamb) are considered.

- Agribalyse dataset is adapted to better represent Italian conditions in terms of the electricity mix.

- In line with the assumptions of the Agribalyse dataset, the secondary and tertiary packaging and the water
use for the washing of fruits and vegetables are not accounted for.

- Some of the food items consumed in Italy are mainly imported from other countries, where different produc-
tion systems may be adopted; the main limitation of this study is the assumption that the countries of origin
of each raw material are the same as they are considered for food consumed in France.

- Changes in biomass and soil carbon stocks are not considered.

The environmental impact of overnutrition is estimated by calculating GHG emissions using the IPCC 2013
method*, multiplying the emission factors by the activity data. Simapro software has been used to model different
foodstuffs with the Ecoinvent 3.2 database*! as a source of the background process for the Italian electricity mix.
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