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Food production and preparation affect the environment in many ways, with effects on greenhouse gases, use of
land, biodiversity, etc. The impact is influencedby consumer demand andeating habits. Twodifferent recommend-
ed dietarymodelswere considered, theMediterranean Diet and the NewNordic Diet, with quantitative analysis of
GHG emissions through LCA. An environmental hourglass (EH) approach based on LCA was introduced to help
translate health-promoting dietary recommendations that consider regional circumstances and cultural diversity
into practical eating habits, to promote sustainable and environmentally friendly consumption. Using the environ-
mental hourglass approach, we examined whether dietary choices based on nutritional recommendations can
minimise certain negative effects on the food production environment. Using two examples of health-enhancing,
regionally-oriented and culturally appropriate dietary patterns - theMediterraneanDiet and theNewNordic Diet -
we showed that consumption of high protein foods has a similar and comparable environmental impact to fruit
and vegetable consumption. The results of this workmay provide a starting point for integrated policy addressing
issues related to the healthy diet of the population, aware food choices and sustainable agriculture.
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1. Introduction

Although the concept of sustainable food systems is not new, there is
increasing interest in how foods and dietary models interconnect with
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ecosystems and use of natural resources in ways that are environmen-
tally, economically, socially and culturally sustainable. Agriculture and
food production are thehuman activitieswith the largest impact on nat-
ural resource use and environmental sustainability (Foley et al., 2011;
TheMilan Charter, 2015), thus also the diet and eating habits of individ-
ual people. Ensuring that the population eats a healthy diet, which is at
the same environmentally friendly, remains a public health challenge.

Food production and preparation affect the environment in many
ways, with effects on greenhouse gases, use of land, biodiversity, etc.
(McMichael et al., 2007). The impact is influenced by consumer demand
and eating habits. The global population is growing rapidly and there is
a need for food supply strategies that will ensure food security without
risk to the environment. Food production, processing, preservation, dis-
tribution and disposal consume a considerable amount of energy and
resources, contributing to 32% of total greenhouse gas emissions
(GHG) from human activities (EPA, 2006), while the agricultural sector
is responsible for 70% of water use due to human activities (Döll, 2009).
Food production also implies the conversion of ecosystems to agricul-
tural land, which is related to the loss in biodiversity and nutrient runoff
(Turner et al., 2007).

In several studies assessing the environmental impact of different
food products, it was shown that animal products and in particular
meat have a higher environmental impact than other food types, espe-
cially considering energy use and greenhouse gas emissions compared
to foodmass (Pelletier et al., 2011; Tilman and Clark, 2014), and protein
(Gonzalez et al., 2011). De Vries and De Boer (2010), highlighted a high
level of variability in results relating to GHG emissions (14 to 32 kg CO2
equivalent), stating that this huge variabilitywas due to differentmeth-
odological approaches for assessing impact and different input data for
the system studied. They also showed that of the different kinds ofmeat,
production of 1 kg of beef used most land and energy, followed by pro-
duction of 1 kg of pork, chicken, eggs, and milk (De Vries and De Boer,
2010). Due to the high environmental impact of meat, some authors
have encouraged promoting vegetarian diets (Gonzalez et al., 2011;
Macdiarmid et al., 2012, 2016), but this approach does not appear to
be realistic, considering traditional and widespread dietary habits,
which include meat as one of the main nutritional sources. In some
studies, the authors encountered consumer objections to changing
their eating habits (Holm and Møhl, 2000; Graça et al., 2014), mainly
due to unwillingness to surrender taste in favour of healthier habits
(Verbeke, 2006; Macdiarmid et al., 2012, 2016). Not just individual
food products, but also the diet as a whole was correlated with agricul-
tural greenhouse gas emissions and/or energy consumption (Baroni et
al., 2007; Stehfest et al., 2009). Some studies have shown that plant-
based diets are environmentally better than meat-based diets
(Leitzmann, 2003; Pimentel and Pimentel, 2003; Reijnders and Soret,
2003), while others were contradictory (Vieux et al., 2013). What re-
mains crucial in a meat-based diet is selection of the least environmen-
tally harmful meat, with consideration of aspects such as ruminants vs
non-ruminants, or white vs red meat.

The environmental impact of habitual eating patterns, dietary rec-
ommendations and theoretical diets have been examined by a number
of authors, using various indicators such as GHGe, land and agricultural
capacity, primary energy use or water use, with application of Life Cycle
Analysis (LCA). Although LCA is widely used today to assess environ-
mental impact (Heller et al., 2013; Auestad and Fulgoni, 2015), flexibil-
ity in international standards (see ISO 14040, 2006 and ISO 14044,
2006) and the absence of standardised LCA databases for representative
foods in the marketplace, together with differences in LCA system
boundaries and LCA types (attributional, consequential etc.) has led to
methodological variability across the studies. Indeed, the European
Commission is working on the standardisation of methods aimed at
assessing the environmental performance of production by adopting a
life cycle approach. One important and interesting aspect considers nor-
malization of dietary input data. A number of studies (Berners-Lee et al.,
2012; Aston et al., 2012; Risku-Norja et al., 2009; Saxe et al., 2013) have
evaluated the GHGe impact of diverse dietary habits, based on the aver-
age dietary intake for different populations compared to those assessed
based on nutritional recommendations,with the latter being considered
as the reference value. GHGe is usually expressed in kgCO2eq per kg of
food item, however it might be differently corrected to the quantity of
food item consumed per day, week (Berners-Lee et al., 2012; Aston et
al., 2012) or even on an annual per capita basis (Risku-Norja et al.,
2009; Saxe et al., 2013).

Berners-Lee et al. (2012) compared the impact of theoretical vege-
tarian and vegan diets as compared to the habitual UK diet, and con-
cluded that the vegetarian diet had 18–25% lower GHGe, while the
vegan diet had 23–31% lower GHGe. Similarly, Risku-Norja et al.
(2009) compared a theoretical vegetarian diet to the typical Finnish
diet, showing that the habitual Finnish diet was characterised by
GHGe twice as high as for the vegetarian diet. The authors however con-
cluded that changes to the dietary habits of the whole population are
unlikely, and that environmental impact should not be limited to
GHGe calculations. Saxe et al. (2013) suggested that a reduction in alco-
holic beverages, hot drinks and sweets may significantly reduce GHG
emissions. Several authors focused their research onmeat and its contri-
bution to GHGe, land use or the water footprint. Aston et al. (2012) and
Temme et al. (2013), suggested that reducing consumption of red and
processed meat could provide multiple benefits to health and the envi-
ronment. Peters et al. (2007) evaluated the relationship between meat
consumption and land use, concluding that meat and dairy fat increases
land use, however diets with a modest amount of meat feed more than
vegetarian diets. Capone et al. (2014) and Vanham (2013) investigated
the water footprint in different countries. They concluded that a reduc-
tion in meat intake in European countries would be the greatest oppor-
tunity to reduce thewater footprint of consumption.Meier and Christen
(2013) investigated thewater footprint andNH3 emission of vegetarian
and vegan diets in more detail. The potential for a reduction in NH3
emissions and primary energy use was greatest for the theoretical veg-
etarian and vegan diets, followed by German-recommended and habit-
ual diets, while blue water needs were higher for vegan and vegetarian
diets. Overall analysis of the aforementioned studies suggests thatmeat
and products of animal origin are critical points in evaluating environ-
mental impact, however comparison of the results is difficult, due to
considerable differences in the methodologies applied for the calcula-
tions (See Table 1 in Supplementary Materials).

Not only have authors disputed the importance of food production
and consumption on the overall human environmental impact
(Pelletier et al., 2011; Tilman and Clark, 2014; Gonzalez et al., 2011),
but recently government authorities, meat producers and farmers
have also highlighted the need to better understand these environmen-
tal aspects. Increasing concern about food sustainability recently led to
the creation of the Milan Charter, which is the legacy of Expo 2015,
and represents the commitment of different citizens, (food) associa-
tions and institutions as regards the right to food, and consequentially
a commitment to more sustainable food production (The Milan
Charter, 2015).

This study proposes a new approach to assessing and communicat-
ing dietary environmental impact, which is evaluated according to die-
tary intake, intended as recommended consumption and expressed in
weekly kilograms with reference to a “standard” individual. For this
purpose, two different dietary models, the Mediterranean Diet and
NewNordic Diet, were considered for further analysis. Moreover, we in-
troduced the environmental hourglass (EH) approach, which helps to
translate health-promoting dietary recommendations that consider re-
gional circumstances and cultural diversity into practical eating habit
recommendations for sustainable and environmental friendly con-
sumption. Employing LCA analysis, we used the environmental hour-
glass approach to examine whether compliance with nutritional
recommendations can minimise certain negative effects on the food
production environment. In this paper we assessed GHGe due to food
production and consumption. With the LCA tool we provided much
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more reliable and comprehensive information on GHGe production,
which helps to select sustainable products. With two examples of
health-enhancing, regionally-oriented and culturally appropriate die-
tarymodels - theMediterraneanDiet andNewNordic Diet - we showed
that consumption of protein-rich food has a similar and comparable en-
vironmental impact to that caused by consumption of fruit and vegeta-
bles. The results of this workmay provide a starting point for integrated
policy addressing issues related to the diet of the population, agriculture
and renewable energy production.

2. Methods

The ENVIRONMENTAL HOURGLASS (EH) approach describes the
weekly GHGe due to food consumption corresponding to weekly rec-
ommended dietary intake. GHGe levels were taken from the available
literature and expressed as kgs of CO2 equivalent per week, per food.
The EH was developed by: i) defining weekly dietary scenario(s), re-
ported as kilograms of the food item consumed per week; ii) grouping
food items into food groups (according to their type, i.e. the “pome
fruit” and “berries” food items are both contained in the “Fruit”food
group) and classifying food groups into food categories (according to
their dietary function and the nutrients provided, i.e. the “fruit” and
“vegetables” food groups are both classified as “fruit and vegetables”);
iii) attributing GHGe due to the production, distribution and consump-
tion (system boundaries) of each food item (functional unit on a mass
basis) and therefore of each food category, by summing them.

2.1. Dietary scenarios: the Mediterranean diet (MD) and the new Nordic
Diet (NND)

Promoting a healthy diet is an important aspect of public health pol-
icy in many countries, and the recommendations for healthy eating are
very similar in different countries (Brug and Oenema, 2006; Becker et
al., 2004; Lichtenstein et al., 2006). It is crucial to consider that dietary
habits vary greatly in different parts of the world, and to be successful,
dietary guidelinesmust be sensitive to the local food culture, agriculture
and native cuisine. In Europe, the regionally-defined and health-pro-
moting diets are the Mediterranean Diet and the New Nordic Diet.
These two dietary patterns cover northern and southern European cli-
mate zones, moreover evidence supports their effectiveness for the pre-
vention of many chronic diseases. Both MD and NND have been linked
to improvement of cardiovascular health (Baxheinrich et al., 2012;
Sofi et al., 2008; De Mello et al., 2011) and blood pressure (Toledo et
al., 2009; Brader et al., 2014; Baxheinrich et al., 2012) as well as weight
reduction (Poulsen et al., 2014). Thus the two scenarios were evaluated
for their impact on the environment.

The Mediterranean Diet (MD) is the result of combining old dietary
patterns and the religious, economic, and cultural practices of themany
countries surrounding the Mediterranean Sea. The MDmodel is associ-
ated with lower intake of red meat, refined sugar and processed foods,
together with higher intake of fish, fruit, vegetables, whole grains and
overall dietary fibre. The other characteristics include high consumption
of extra virgin olive oil, which makes up most of the daily fat intake
(Willett et al., 1995; Simopoulos, 2004; Trichopoulou and Lagiou,
1997; Dernini and Berry, 2015; Da Silva et al., 2009).

Promotion of theMediterranean dietary pattern, as amodel that sig-
nificantly improves health, has not been followed by changes in lifestyle
in other parts of the western and northern world (Da Silva et al., 2009),
probably due to various barriers, including difficulties in fundamentally
changing dietary patterns, limited accessibility to ingredients, and/or
cultural differences in terms of tastes. Recently, the New Nordic Diet
(NND), originally developed and tested by Olsen et al. (2011), has
gained interest. The NND was developed on the basis of input from ex-
perts in the fields of human nutrition, gastronomy, environmental is-
sues, food culture and history, and sensory science, (Mithril et al.,
2012, 2013). The NND is conceived as a more environmentally friendly
diet, because of its focus on locally produced food and beverages and the
inclusion of organic food. In the NND, components with substantial ev-
idence of an impact on health are: fruit, vegetables, potatoes, whole
grains, nuts, fish and shellfish. Of these, the ingredients that have the
strongest health-promoting properties are: native berries, cabbage, na-
tive fish and other seafood, wild and pasture-fed land-based animals,
rapeseed oil, and oat/barley/rye.

2.2. Food classification system

For the purposes of this work, we used the food classification system
including terms such as food item, food group and food category. A set of
food items (FI), clustered together based on similar nutritional charac-
teristics and/or similar origin, creates a food group (FG). Different food
groups are combined together considering the nutritional property re-
sults in the food category (FC). In detail, FGs were clustered into seven
Food Categories, namely FC1: meat, fish, eggs, legumes; FC2: milk and
dairy products; FC3: condiments; FC4: cereals and potatoes; FC5: fruit
and vegetables; FC6: water and coffee/tea. According to their features
and consumption habits, FC1 and FC2 include food items which are pri-
mary sources of protein (both for vegetarian, vegan and omnivorous
diets), while FC3, FC4, FC5, FC6 include only foods of plant origin. See
Table 1 for more details.

2.3. Nutritional data

The MD model considered as a reference was adapted from the
INRAN guidelines INRAN 2003. The guidelines are medicine evidence
based and they are developed according to nutritional function of each
single nutrient as well as other minor components, relative nutritional
needs, nutrients interactions and their role in diet. In these guidelines
food intake is reported as the daily or weekly serving of each food
group. Additionally, the guidelines identify a standard serving for each
food group (beef, cold ham, poultry, fish and shellfish, eggs, legumes,
milk and dairy products, hard pasta, cheese, oil, butter, baked products,
potatoes, grains and cereals, pasta, bread, fruits, eggs, vegetables other
than salad, and salad). The INRAN guidelines specify that water require-
ments are on average from1.5 to 2 l per day, therefore an intake of 1.75 l
per day was assumed. There is no indication of what kind of water
should be consumed, however it is known that in Italy consumption
of bottled water is high. Therefore for the MD scenario consumption of
tap and bottled water was assumed according to the EFSA Comprehen-
sive European Food Consumption Database (https://www.efsa.europa.
eu/en/food-consumption/comprehensive-database), where chronic
food consumption statistics were chosen, for all subject options. The
guidelines ignore wine, other alcoholic beverages and sugar, therefore
they were not included in the GHGe computation. According to these
recommendations, a scenario encompassing all the standard criteria
was defined, and food group intake was expressed in kg/week (see
Table 1).

The NND model was adapted from OPUS (Mithril et al., 2013), in
which the NND guidelines proposed by Mithril et al. (2012), were ex-
tended to the recommended dietary intake for Nordic populations.
The NND model was in line with that reported by Adamsson et al.
(2011), who also compared selected food items, nutrient composition
and the content of the New Nordic Diet as compared to the Nordic Nu-
trition Recommendations (Nordic Council of Ministers, 2014). The NND
is based on the existing scientific knowledgewithin health and nutrition
(by encompassing clinical trials on single food anddiet as awhole), it in-
cludes dietary components which are recognised as health-promoting.
In Mithril et al. (2013) the average intake (expressed in g/day) was re-
ferred to a diet of 10MJ (about 2390 kcal) and not to 2100 kcal as for the
MD. For this reason standardisation between the MD and the NND was
necessary, therefore for each NND recommended food item the daily
energy intake (expressed in kcal) was computed, and according to
the DTU Fødevareinstituttet (frida.fooddata database in http://frida.

https://www.efsa.europa.eu/en/food-consumption/comprehensive-database
https://www.efsa.europa.eu/en/food-consumption/comprehensive-database
http://frida.fooddata.dk/?lang=en


Table 1
Two dietary scenario: Mediterranean Diet (MD), New Nordic Diet (NND), and related food consumptions expressed in kg/week.

Food category (FC) Food group (FG) Food item (FI) Mediterranean diet (MD)1 (in kg/week) New Nordic diet (NND)2 (in kg/week)

FC1 Meet and cold cuts Beef 0.070 0.053
Veal – 0.002
Pork/piglet 0.140 0.065
Mutton/lamb – 0.003
Goat/kid – –
Horse, asses, mules or hinnies – –
Rabbit – –
Game – 0.025
Prepared meat, sausages 0.050 –

Poultry, fish, legumes and eggs Eggs 0.120 0.154
Legumes 0.120 0.277
Fish shellfish 0.300 0.264
Low-fat meat (chicken) 0.140 0.467

FC2 Milk and dairy products Milk 1.750 2.952
Fermented milk 0.880 –
Cream (9% fat) – 0.123
Cheese 0.200 0.154

Herbs/oils/condiments Fresh herbs (dill, parsely, chives) – –
FC3 Butter 0.100 0.062

Vegetable oil 0.110 0.092
Margarine – –
Animal fat – –

FC4 Cereals an potatoes Potatoes 0.400 1.076
Wholegrain/cereals – 1.691
Bread and rolls 1.750 –
Pasta 0.320 –
Rice 0.240 –
Bakery 0.140 –

FC5 Fruits and vegetables Fruit assorted (excluding juices) 3.150 1.538
Berries – 0.461
Pome fruit – –
Citrus fruit – –
Fruit juice – 0.308
Nuts and seeds – 0.185
Seaweed – 0.035
Cabbages (cavoli) – 0.185
Root vegetables – 0.923
Mashrooms – 0.031
(Other) vegetables 2.250 1.476

FC6 Water Tap water 3.400 3.894
Bottled water 8.850 0.306
Coffee/tea – 2.800
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fooddata.dk/?lang=en), data were normalized to the standard daily di-
etary intake of 2100 kcal. (See Table 1 forweekly consumption and Sup-
plementary Materials for details regarding normalization). The NND
recommendations do not distinguish poultry from beef and pork,
but only identify two different types of meat: lean and fat, therefore
poultry was assumed to be lean meat, while pork, beef and other
types of meat (excluding game), were assumed to be fat meat. The
recommended intake of fat meat was then attributed to beef,
veal, pork (young meat) and mutton (lamb), according to real chronic
food consumption (in g/kg body weight, normalized for a 2100 kcal in-
take) reported in the EFSA Comprehensive European Food Consump-
tion Database (https://www.efsa.europa.eu/en/food-consumption/
comprehensive-database), the statistics being chosen “for all subject”
options. Furthermore, as for the MD scenario, the recommended
amount of water in the NND was distributed according to Danish
water consumption, as reported by the EFSA Comprehensive European
Food Consumption Database. The OPUS NND also includes food allow-
ances (such as alcohol, fast food, cakes, chips, soft drinks, candy and
ice cream), however those foods were not included in the assessment
as they were absent in the MD recommendations.

2.4. Functional unit

The functional unit in this study refers to dietswith an energy uptake
of 2100 kcal/person/day.
2.5. Life cycle assessment, system boundaries

In this study we focused on quantification of greenhouse gas emis-
sion. The data used in this study all refer to 1 kg of food product and
are the average GHGe calculated through the available LCA studies for
each single food product. GHGe estimates for each food item were
taken from the literature and expressed as kilograms of CO2 eq
(formore information aboutGHGe references see SupplementaryMate-
rials). Briefly, the main sources of GHGE data were the Double Pyramid
Technical Database of the Barilla Center for Food & Nutrition (BCFN,
2014, 2015), and the Environmental Product Declaration, Data
Bank LCA Ecoinvent 2004. For the purpose of this study, average GHGe
data for each single food item were multiplied by the kilograms con-
sumed weekly, according to the recommended dietary intake (see
Table 1), thus the GHGe refers to a weekly diet. The GHGe of each
food group was computed by summing the GHGe of the corresponding
food items (clustered as described in Table 2, see also Supplementary
Materials) according to recommended MD consumption, and recom-
mended NND consumption. Furthermore, the data refer to emissions
produced throughout the whole food production process, from the
origin to the fork, therefore the system boundary includes production
at farm level, transformation, distribution, cooking and consumption,
but does not include disposal and consequentially food waste at con-
sumer level. Table 2 shows two scenarios and the corresponding
GHGe impact.

http://frida.fooddata.dk/?lang=en
https://www.efsa.europa.eu/en/food-consumption/comprehensive-database
https://www.efsa.europa.eu/en/food-consumption/comprehensive-database


Table 2
Environmental Hourglass assessed as GHGe impacts for two dietary scenarios: Mediterranean Diet (MD), New Nordic Diet (NND). Data expressed in kg CO2 eq/week.

Food category (FC) Food group (FG) Food item (FI) Mediterranean Diet (MD) hourglass
(in kg CO2 eq/week)1

New Nordic Diet (NND)Hourglass
(in kg CO2 eq/week)1

MD HG: FI
impact

MD HG: FG
impact

MD HG: FC
impact

NND HG: FI
impact

NND HG: FC
impact

NND HG: FG
impact

FC1 Meet and cold cuts Beef 1.66 3.14 5.68 1.26 2.33 6.43
Veal – 0.04
Pork/piglet 0.72 0.33
Mutton/lamb – 0.04
Goat/kid – –
Horse, asses, mules or hinnies – –
Rabbit – –
Game – 0.65
Prepared meat, sausages 0.76

Poultry, fish, legumes
and eggs

Eggs 0.46 2.54 0.59 4.10
Legumes 0.20 0.47
Fish shellfish 1.32 1.16
Low-fat meat (chicken) 0.56 1.88

FC2 Milk and dairy products Milk 2.17 5.54 5.54 3.67 5.24 5.24
Fermented milk 1.52 –
Cream (9% fat) – 0.15
Cheese 1.85 1.42

FC3 herbs/oils/condiments Fresh herbs (dill, parsley, etc) – – 1.17 – 0.80
Butter 0.83 0.51
Vegetable oil 0.34 0.29
Margarine – 1.17 – 0.80
Animal fat – –

FC4 Cereals and potatoes Potatoes 0.48 0.48 4.20 1.30 1.30 7.09
Wholegrain/cereals – 5.79
Bread and rolls 1.97 –
Pasta 0.61 3.72 – 5.79
Rice 0.92
Bakery 0.23 –

FC5 Fruits and vegetables Fruit assorted 1.56 5.32 5.32 0.76 6.04 6.04
Berries – 0.33
Pome fruit – –
Citrus Fruit – –
Fruit juice – 0.21
Nuts and seeds – 0.35
Seaweed – 0.02
Cabbages (cavoli) – 0.31
Root vegetables – 1.54
Mashrooms – 0.05
(Other) vegetables 3.76 2.47

FC6 Tap water 0.0008 1.64 1.64 0.0009 0.21 0.21
Bottled water 1.64 0.06
Coffee/tea – 0.15

Total GHGe Impact 23.56 25.80
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3. Results and discussion

The results of LCA analysis performed for both dietarymodels are set
out in Table 2. The results are expressed in kgCO2eq per kilogram of
food eaten each week for each scenario, with daily kilocalories equal
to 2100. Food categories were split into food groups and food items, in
order to show not only the overall GHGe impact, but also the contribu-
tion of each sub-category.

Application of EH helped to translate dietary recommendations into
environmental consequences, also making the results and findings
more communicable and understandable to consumers. The EH
structure (see Fig. 1) showed foodswhich are supposed to be consumed
frequently each day at the bottom, while at the top there were
foods supposed to be consumed less frequently (from one to three
times a week). The EH communicates the impact of the diet as a
whole, with several food categories. The number next to each FC
corresponds to GHGe emission kg CO2 eq/week (see Fig. 1). For each
FC a list of food items is given, together with their contribution
to the FC as a percentage. Thus “fruits and vegetables” were placed
at the bottom of the EH (MD 5.32 kg CO2 eq/week; NND
6.04 kg CO2 eq/week), followed by “cereals and potatoes” (MD
4.2 kg CO2 eq/week; NND 7.09 kg CO2 eq/week), “milk and dairy
products” (MD 5.54 kg CO2 eq/week; NND 5.24 kg CO2 eq/week),
“condiments” (MD 1.17 kg CO2 eq/week; NND 0.80 kg CO2 eq/week),
and finally “meat, fish, eggs, legumes” (MD 5.68 kg CO2 eq/week;
NND 6.43 kg CO2 eq/week). Water (which also included coffee and
tea for the NND model) was represented separately from the EH (MD
1.64 kg CO2 eq/week; NND 0.21 kg CO2 eq/week) (see Supplementary
Materials 2 for Environmental Product Declarations). From the nutri-
tional point of view, it seemedmore opportune to emphasise the impact
of food groups and categories instead of each single food item. Indeed, in
the latter case, consumers can be confused: comparison of the impact of
food items,when done on amass basis is doubtful, as food in general has
numerous functions (nutritional, cultural, convivial etc.),while each nu-
trient has its own distinct function. The nutritional need for protein
should not be compared with the need for vitamins or carbohydrates;
consequently comparison of the environmental impact in favour of a
certain food item is conceptually inappropriate. It becomesmore impor-
tant when considering enormous interspecies variability, not only due
to age or gender, but also to lifestyle and work.

As can be easily seen in Table 2, the total GHGe impact of
both scenarios was similar: MD 23.56 kg CO2 eq/week; NND
25.8 kg CO2 eq/week, although food distribution and the contribution
of individual food categories varied remarkably. Thus the food items



Fig. 1. Environmental Hourglass (EH) linking GHG emissions and nutritional pyramid: New Nordic Diet (left) and Mediterranean Diet (right).
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that contributed most to the overall impact of the single scenario were:
vegetables, milk and bread in theMD (16%, 9.2% and 8.4% respectively);
wholegrain/cereals, milk, and vegetables in the NND (20.9%, 13.2% and
8.9% respectively). Considering FCs separately, several trends can be ob-
served. Starting from themilk and dairy products category, both recom-
mendations suggested similar consumption of products such as cheese,
milk and yogurt, resulting in a total of 2.83 and 3.23 kg/week for theMD
and NND respectively. Consequently this consumption resulted in a
GHGe impact of 5.54 kg CO2 eq/week and 5.24 kg CO2 eq/week. In
both models the food item making the biggest contribution was milk,
followed by yogurt and cheese. A slightly different GHGe impact for
theMD and NNDwas found for FC1: “Meat, fish, eggs and legumes”, re-
spectively 5.68 and 6.43 kgCO2eq/week. Meat, fish, eggs and legumes
were considered together as sources of similar nutrients – proteins,
and according to the guidelines they substitute each other. This food
category is very complex and consists of 13 food items. Moreover, it is
also divided into two FGs: “Meat and cold cuts” and “Poultry, fish, le-
gumes and eggs”. The recommended weekly quantity of food rich in
proteins differs in the MD and NND scenarios (0.94 kg/week and
1.43 kg/week), as well as the distribution of FIs within this food
category.

In the MD model, the impact of the FG “Meat and cold cuts” was
higher than the impact caused by the FG “Poultry, fish, legumes
and eggs”: 3.14 CO2 eq/week and 2.54 CO2 eq/week respectively.
Distribution of the GHGe impact in the NNDmodel was exactly the op-
posite; here the GHGe of the FG “Meat and cold cuts” was only
2.33 CO2 eq/week, while that of the FG “Poultry, fish, legumes and
eggs” was 4.10 CO2 eq/week. The reason for this situation is linked to
the different amounts of food items recommended in guidelines.
In the FG “Meat and cold cuts” the MD recommended a slightly
larger amount of meat in comparison to the NND; 0.26 kg/week and
0.15 kg/week respectively, with the main contribution attributed to
pork and beef. In the FG “Poultry, fish, eggs and legumes” there were
marked differences. The NND scenario proposes higher intake of le-
gumes (0.277 kg/week) and chicken (0.467 kg/week), as a contribution
to appropriate protein intake, while in the MD scenario, legumes play a
secondary role (only 0.12 kg/week). This resulted in an impact of
2.54 kg CO2 eq/week for the MD and 4.10 kg CO2 eq/week for the
NND. Although in the NND scenario introduction of higher intake of le-
gumes andwhitemeat helped to reduce the impact caused by redmeat,
the overall impact of FC1 remained comparable for both guidelines.

The overall impact of FC5 “Fruits and vegetables”was similar for both
scenarios: 5.32 kg CO2 eq/week for theMD, and6.04 kgCO2 eq/week for
the NND. It should be noted that these levels were comparable to that
caused by FC1 “Meat, fish, eggs and legumes”. This result is particularly
important, considering the general belief that meat consumption has a
higherGHGe impact,while as shown in our study, official dietary recom-
mendations seem to encompass this effect. From our results it can be as-
sumed that protein-rich foods had a similar impact to that caused by
fruit and vegetables, emphasising the considerable contribution of le-
gumes, eggs and fish to FC1. In this way, comparison between these
two food categories should not be limited only to meat versus fruit
and vegetables, because as can be clearly seen in the NND scenario,
eggs, legumes and fish could have a GHGe impact up to twice as high
as meat and cold cuts.

Intake recommendations regarding potatoes, cereals and bakery
products differ remarkably for theMD and NND. TheMDmodel advises
intake of 1.75 kg/week of bread, 0.4 kg/week of potatoes, followed
by smaller amounts of pasta, rice and bakery products, while the
NND model recommends 1.68 kg/week of cereals and 1.08 kg/week of
potatoes. These recommendations result in a GHGe impact of
4.20 kg CO2 eq/week for the MD, and 7.09 kg CO2 eq/week for the
NND, with the difference attributed to consumption of cereals and
higher consumption of potatoes in the latter case. Finally, strong coher-
ence was also found for the impact of herbs and oil, resulting in 0.8 and
1.15 CO2 eq/week for the MD and NND respectively.

It is alsoworth noticing that the contribution ofwater toGHGe in the
MD model is more than seven times higher (1.64 kg CO2 eq/week) in
comparison to that in the NND model (0.21 kg CO2 eq/week). As
mentioned previously, the recommended amount ofwaterwas separat-
ed into tap water and bottled water. Italian consumption of bottled
water is particularly high and this contributes to the increase in the
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environmental impact. By reducing bottled water consumption, the en-
vironmental impact of this group could probably be improved.

Juxtaposition of the aforementioned results with graphic EH repre-
sentation makes it possible for consumers to understand how their
choices affect the environment. The EH (see Fig. 1) shows how the in-
take of different foods can affect the environment: when the hourglass
loses its balanced shape, the diet is moving away from dietary recom-
mendations and the environmental impact is changing. As graphic visu-
alisation of the EH is linked to the food pyramid, overall expression can
be considered beneficial in nutritional communication. In nutritional
policy, the EH can be combined not only with the food pyramid but
also with other nutritional diagram formats (for example US MyPlate),
representing good practice for communicating the environmental im-
pact of food, together with the appropriate nutrition. In this way the in-
creasing interest demonstrated by consumers in relation to nutrition
and a healthy lifestyle can be exploited in order to draw their attention
to environmental issues. The EH communicates the impact of the diet as
a whole, highlighting the need for each FC and FG. The lack of a FC or FG
(meaning ignoring the recommendations) causes the collapse of hour-
glass. At the same time, the EH provides information regarding the con-
tribution of the food item to the impact of the FC, offering the possibility
of choice, and helping the consumer to manage FC composition accord-
ing to his own personal preferences. The consumer is invited to regulate
the environmental impact of each FC by controlled and responsible
choices between food items.

3.1. Limitations

Comparison of our results with data in the literature must be per-
formed with care, as several factors make such comparison difficult,
for example the use of different LCAmethods, the considerable variabil-
ity in GHGe values used for calculations and lack of agreement on the
appropriate unit of expression for diet comparisons, the functional
units and system boundaries (Table 1, Supplementary Materials). In-
deed, international standards, which provide guidelines for running
LCA, are flexible and do not provide a standard LCA database for repre-
sentative foods available in the marketplace. While standard nutrient
databases are provided by each country, similar national databases of
GHGe are not provided, therefore in our study average LCA data were
applied. It should also bementioned that our study did not take into ac-
count changes in environmental impact due to differences in nutritional
requirements depending on gender, age and physical activity, while
keeping unchanged calories intake per week. Furthermore, the use of
only one indicator is insufficient to describe the full environmental im-
pact of the food system. We chose the GHGe indicator, although it does
not by itself give a complete picture of all the environmental effects re-
lated to diet. The choice of functional unit is crucial when considering
the environmental impact of food; it has been shown that a change in
the functional unit can have significant effects on the results of a study
and consequentially this influences the interpretation of the results
(Vieux et al., 2013). This study assessed the CO2 emissions of different
dietary patterns through LCA data, performed on amass basis (i.e. func-
tional unit of 1 kg of product), while in other studies (Vieux et al., 2013;
Masset et al., 2014), assessment of GHGE was determined base on food
nutritional quality, based on energy density, applicable in the case of un-
healthy diets, such as those rich in saturated fat and sweets. Smedman
et al. (2010) on the other hand, proposed the Nutrient Density of Cli-
mate Impact (NDCI) index, which takes into account both the nutrition-
al quality of food and climate change due to food production. This index
could allow better comparison of the environmental impact of individ-
ual food items. Assessment of the environmental impact caused by die-
tary patterns using the LCA approach is very complex, and there is no
single method that satisfies and well describes all the peculiarities.

The environmental impact of a food product depends on the country
of origin (Nemecek et al., 2016) and the production system (Payen et al.,
2015), but data regarding LCI and LCA of food are lacking and prevent
differentiation of food origin and agricultural practices. In this work
much of the GHGe data was taken as average data from other LCA stud-
ies; it is therefore difficult to determine the variability in GHGe due to
the food's place of origin and agricultural techniques (i.e. organic or
conventional). The system boundaries of each study have been
standardised by adding cooking loads, when lacking. A reliable basis of
evidence for assessing food waste globally is lacking (Parfitt et al.,
2010), therefore food waste at consumer level, treatment of waste and
waste disposal were not included in the study; however these phases
could significantly change the impact.

4. Conclusions

It is becomingmore andmore evident that food choices have an im-
pact on human health and life. Indeed, consumer food choices translate
into nutrition, and therefore into collective and individual health, while
food production, distribution and consumption (“from cradle to grave”)
have an environmental, social and economic impact (both positive and
negative). This study investigated some of the environmental burdens
of food, in termsof GHGe, in relation to recommended food intake in Eu-
rope (both in terms of quality and quantity). This study proposes a new
way of approaching assessment of the environmental impact of diet
that includes not only the attribution of GHGe to each single food
item, but also assessment of the environmental burden of the food cat-
egory, which is influenced by nutrients, consumption habits and
amounts. We introduced the environmental hourglass approach,
which helps to translate health-promoting dietary recommendations
considering regional circumstances and cultural diversity into practical
eating habit recommendations for sustainable and environmentally
friendly consumption. Employing LCA analysis, we used the environ-
mental hourglass to examine whether dietary choices based on nutri-
tional recommendations can minimise some of the negative effects of
food production on the environment. We compared two alternative di-
etary variants, showing that correct food choices, approaching official
MD and NND recommendations, show a similar GHGe impact for all
food categories, highlighting that intake of fruit and vegetables and
foods rich in protein causes similar effects. In order to effectively pro-
mote healthy and sustainable dietary ingredients, people should bemo-
tivated to eat these foods, and should choose wisely from the
ingredients and prepare palatable dishes and meals. Better information
strategies on the health and/or environmental impact of food can em-
power people to make better-informed choices.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.scitotenv.2016.09.039.
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