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Resumen

Fundamentos: El consumo de alimentos influye sobre el
calentamiento global. Pero no hay que olvidar que los alimen-
tos son una fuente de nutrientes. Para apoyar un consumo
sostenible, se ha desarrollado un indicador que integra la hue-
lla de carbono (HC) y el valor nutricional de los alimentos.

Métodos: Con el fin de proporcionar una ponderación
objetiva, se utilizó la técnica no paramétrica “Análisis Envol-
vente de Datos” (DEA) para definir la eficiencia-eco-nutri-
cional (ENE). La ENE, definida como “rendimiento nutricio-
nal/impacto ambiental”, varía entre 0 y 1, significando 1 que
el menú es eficiente. Se presentan dos modelos DEA: el pri-
mero basado en el contenido en macronutrientes, mientras
que el segundo considera la ingesta diaria recomendada. Los
modelos se probaron en un caso de estudio de 256 menús
diarios.

Resultados: Ambos modelos mostraron valores de ENE
entre 0.42 y 1, lo que supone un potencial de reducción de la
HC de hasta un 58%. El modelo 2 es preferible porque se
basa en recomendaciones nutricionales.  

Conclusiones: La ENE permite agregar la HC y los aspectos
nutricionales en un valor único para apoyar la toma de deci-
siones. Se proponen mejoras como la introducción de micro-
nutrientes y otros impactos ambientales.

Palabras clave: Dieta. Eficiencia eco-nutricional. Huella de
carbono. Sostenibilidad. Análisis envolvente de datos.

AN APPROACH TO INTEGRATE CARBON FOOTPRINT
AND NUTRITIONAL ASPECTS FOR A SUSTAINABLE

FOOD CONSUMPTION

Abstract

Background: Food consumption has a large influence on
global warming. Although we must not forget that the main
role of food is nutrient provision. This study develops an indi-
cator to integrate the carbon footprint (CFP) and nutritional
values of diets to facilitate sustainable food consumption.

Methods: To provide a non-subjective weighting, the non-
parametric technique “Data Envelopment Analysis” (DEA) was
used to define the eco-nutritional-efficiency (ENE). The ENE,
defined as the ratio “nutritional performance/environmental
impact”, ranges between 0 and 1, with 1 being efficient. Two
DEA models are presented: model 1 focuses on the macronu-
trient content, whereas model 2 takes the recommended daily
intake into account. They were tested through a case study
consisting of 256 daily menus.

Results: The case study showed that the vegetarian lunch
was in all efficient menus. Western menus performed the
worst due to a high CFP from meat.  Both models led to ENEs
between 0.42 and 1, therefore showing a potential CFP
reduction of up to 58%. Model 2 is preferred because it
focuses on nutritional recommendations.

Conclusions: The ENE succeeds in aggregating the CFP
and nutritional aspects to create a unique value that can
support decision-making. Further investigation is needed to
include micronutrients and other environmental impacts.

Key words: Diet. Eco-nutritional-efficiency. Carbon foot-
print sustainability. Data envelopment analysis.
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Introducción

Along its entire life cycle, the food sector makes up
15-30% of total greenhouse gas emissions1,2. Because of
this and due to the high degree of personal choice and

possible day-to-day selection, food represents an oppor-
tunity for consumers to contribute to climate change
reduction. Nevertheless, we should not forget that food
provides nutrients and prevents diseases, aspects of
increasing concern among consumers.

The contribution of food to global warming has mainly
been assessed via carbon footprint (CFP), a quantification
method for greenhouse gas emissions emitted along the
life cycle of a product3. Although CFP represents only one
part of environmental impacts of food products, the rela-
tionship between food consumption patterns and climate
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change is a subject of great concern4. Furthermore, a major
advantage of CFP is the reduced complexity when comput-
ing and interpreting the results5,6, which is related to the
global character of climate change.  

To influence consumer food choices and therefore lower
the CFP, reliable and easily comprehensible information is
needed. Health and environmental effects of foods are,
however, not necessarily convergent7,8. Furthermore, the
missing knowledge resulting from the psychological dis-
tance between the consumer and the CFP caused by their
consumption hampers the possibility of consumers to rec-
ognize and lower their impact. For these reasons, integrat-
ing the nutritional content and CFP of diets into a single
aggregated number is of great importance to communi-
cate information to the public and to decision-makers.
Previous studies show these indicators separately8,9. The
eco-nutritional-efficiency (ENE) presented in this paper is
one way to aggregate nutritional aspects and the CFP of
diets into a unique value.

In engineering, efficiency is defined as the weighted
sum of outputs divided by the weighted sum of inputs.
Based on this definition, the ENE is defined as the amount
of nutritional value (output) which is provided per CFP
caused (input). The weighting in the aggregation of
numerous nutritional values and the CFP can be assigned
either by expert judgment or based on a specific weighting
method10. Data Envelopment Analysis (DEA) is a widely
used technique to quantify efficiency in production units,
which avoids subjective weighting11. DEA can be used to
integrate different dimensions, e.g. resulting from nutri-
tional and environmental assessments. Therefore, the goal
of this study is to examine DEA as a method to measure the
ENE of menus integrating their CFP and macronutrients
content into a single indicator. Two ENE indices are pro-
posed with regard to two approaches for the nutritional
assessment: model 1 is based on the nutritional content,
while model 2 additionally includes a nutritional perfor-
mance measure. A case study is used to test the models by
comparing 256 daily menus. Macronutrient recommenda-
tions have been used as a diet quality index as there is a
growing amount of evidence that a major imbalance in
their relative proportions can increase risk of chronic dis-
ease and may adversely affect micronutrient intake12.

Material and methods

Daily menus

The menus are established with regard to the nutri-
tional quality, familiarity of foods, the variability of the
CFP of food products (e.g. fresh vegetables or meat) and
the availability of CFP information. The origin of all prod-
ucts was Spain, where the food was consumed. Based on
the Seven Countries Study*13, 16 meals (4 breakfasts, 4

lunches, 4 snacks and 4 dinners) were designed (table I).
These meals are the basis from which the menus were
built. Each of the four breakfasts (and the same with the
rest of meals) represents a stereotyped diet (Spanish
mediterranean, m; western, w; standard, s; and ovo-lacto-
vegetarian, v). In general, consumers do not follow a strict
diet but mix foods and vary portions according to personal
criteria and preferences. To mimic this consumer behavior,
the 16 meals were freely combined to menus with 4 meals
each, leading to 256 different daily menus. Using 256
daily menus, a sufficient level of discrimination for DEA is
reached14. The menus were named according to their
meals (breakfast/snack/lunch/dinner); wsvm is then a
daily menu with a western breakfast, a standard snack, a
vegetarian lunch and a mediterranean dinner. To allow for
a fair comparison, all daily menus were normalized to
2000 kcal person−1 day−115.

Carbon footprint assessment

The CFP of the products was obtained from literature
(see details in Supplementary Material). For calculating
the CFP of the daily menus, the preliminary CFP data per
kg of food product were multiplied by menu composition
(table I). The Publicly Available Specification (PAS)
2050:2011 guidelines (Department for Business, Innova-
tion and Skills (BSI), 2011) were used to analyze the qual-
ity of all data sources. When only information about pri-
mary agricultural production was available, some life
cycle stages were added, mainly processing, transport or
cooking. According to PAS 2050:2011 capital goods pro-
duction and the transport from retailer to consumer were
excluded. Furthermore, where no data was available, the
impact of packaging was assumed to be negligible16.

To reach a geographical specificity where literature
from other countries was used, the MEXALCA method
for the extrapolation of crop LCA (life cycle assess-
ment)17 was applied. Details about the life cycle stages
added for each product, the origin, and the applied
regionalization can be found in the Supplementary
Material.

Nutritional assessment

Nutritional values per edible portion were obtained
from databases (USDA, 201118; software dietowin® 7.3),
and the nutritional assessment of each daily menu was
then carried out according to two approaches.

In Approach 1, the absolute macronutrient contents
were used. In contrast, Approach 2 took into account
the Recommended Daily Intake (RDI)19 fractions of
macronutrients. According to Mahan and Escott-
Stump20, 12-15% of all calories should be delivered by
proteins, 30-35% by fat and 50-55% by carbohydrates.
These guidelines were used to calculate the nutritional
performance using an Extent of Compliance Indicator
(ECI), defined as:

* The Seven Countries Study was the first study to systematically examine
the relationships between lifestyle, diet, coronary heart disease and
stroke in different populations from different regions of the world.
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lbi                           if lb

i
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if actual

i
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i
              1 – | 1 – actuali |       
              ubi

Equation (1) distinguishes between three cases. If the
actual content of nutrient i (percentage of total calorific
input) is below the lower bound (lb) or above the upper
bound (ub), the ECI is smaller than 1. If it lies within the
range of the RDI, the ECI equals 1.

Integration of results

This study aims to aggregate the results obtained to
provide a unique number, the ENE. The ENE describes the

amount of nutritional value gained while causing a cer-
tain CFP. The nutritional value of a daily menu, repre-
sented by the macronutrients, constitute the model out-
puts. DEA is used to aggregate these multiple outputs, as
it allows for combination of different indices avoiding
explicit weights11. The most general model, the CCR-
model21 is used. This model assumes that the relationship
between nutritional contents and CFP is constant for
each menu, no matter the amounts consumed.

Two CCR-models, based on the efficiency definition
given above, are presented below11,22. The models (equa-
tions (3) and (5)) imply that one optimization program is
solved for every daily menu (i.e. a total of 256 linear pro-
grams are solved for each model). For a given daily menu,
the optimization procedure calculates a set of weights
for the nutritional values and the CFP to maximize the
ENE ratio with the restriction that the same set of

Table I
Designed meals (4 breakfasts, 4 lunches, 4 snacks and 4 dinners) used to build the 256 different daily menus. Each of the 

four breakfast (and the same with the rest of melas) comes from a stereotyped diet (Spanish Mediterranean, western, standard, 
ovo-lacto-vegetarian)

Breakfast Snack Lunch Dinner

150 g milk 125 g raspberry yoghurt 100 g lettuce 250 g broccoli
16 g white beet sugar 500 g water 150 g carrot 100 g cod
20 g coffee 100 g wholegrain bread 25 g olives 25 g olive oil
60 g white bread 20 g olive oil 150 g oranges
5 g olive oil 5 g lemon juice 100 g wholegrain bread 

30 g tomato 100 g pork 90 g wine
150 g corn 500 g water
125 g apple
75 g rice

1,000 g water

250 g coffee 50 g coffee 200 g veal 80 g pasta
40 g white beet sugar 8 g white beet sugar 200 g potato chips 75 g grinded cheese
50 g cheese 50 g pistachios 30 g ketchup 75 g tomato sauce
60 g wholegrain bread 100 g corn 75 g beef

125 g ice cream 30 g chocolate
10 g walnut 500 g water

500 g beer
75 g white bread

1,000 g water

16 g white beet sugar 65 g egg 75 g rice 50 g soybean
60 g white bread 200 g potato 50 g onion 200 g potato
5 g olive oil 15 g olive oil 50 g tomato 50 g onion

30 g tomato 330 g beer 50 g veal 15 g olive oil
20 g coffee 10 g olive oil 100 g pork

150 g strawberries 75 g white bread 
75 g white bread 500 g water
90 g wine

1,000 g water

20 g coffee 80 g white bread 300 g spinach 100 g rice
4 g brown cane sugar 25 g cheese 10 g walnut 150 g pea

150 g apple 330 g beer 100 g raisins 100 g carrot
200 g grapes 200 g pea burger 100 g tomato

150 g cherries 50 g soybean
25 g olive oil 15 g olive oil

100 g wholegrain bread 500 g water
1,000 g water 90 g wine

M
ed

ite
rr

an
ea

n 
(m

)
W

es
te

rn
 (w

)
St

an
da

rd
 (s

)
Ve

ge
ta

ria
n 

(v
)



weights is applied to the rest of the scenarios and will
not allow an ENE ratio greater than 1. This results in a
set of the most favorable weights for each daily menu.
The resulting ENE lies between 0 and 1, where 1 repre-
sents being efficient.

As DEA assesses the relative efficiency of one daily
menu within the group of all daily menus taken into
account, only the relative position of a daily menu
within the group is relevant. For this reason, the analysis
of results was performed using the Spearman’s rank cor-
relation coefficient (r).

Model 1

Equation (2) gives the eco-nutritional-efficiency
using approach 1 for the nutritional assessment, where
mji is the weight assigned to the output (nutrional
value) j of the meal i and nji is the weight of the input
(environmental impact) k of the daily menu i. Equation
(3) shows the model as applied within the case study.
Using model 1, the nutritional content of a daily menu is
maximized since absolute values of the nutritional
inventory are used.

Proteini, fati, carbohydratei and carbon footprinti are
the nutritional values (kcal) and CFPi is the carbon foot-
print (kg eq. CO2) of the menu i (i=1…256). mprot_i ,
mfat_i and mcarb_i are the weights of the protein, fat
and carbohydrate content of the menu i, and nCFP_i is
the weight of the CFP of the daily menu i.

                   ∑ mji nutritional valueji                                                             (2)ENE =
  ∑ nki environmental impactki

                        mprot,i proti+mfat,i 
.fat

i+mcarb,i 
.carb
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Model 2

To account for a balanced nutrition, model 2 uses the
extent of compliance indicator (ECI) for the nutritional
assessment. The ECIi for all nutritional values i are entered
into a DEA model, leading to model 2 (Equations (4) and
(5)) shows model 2 as applied within the case study. 

                               ∑ mji
.ECI

ji                                                                                     (4)ENE =
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ECIprotein,i, ECIfat,i, ECIcarbohydrate,i are the ECI of
the nutritional values and CFP i is the CFP (kg eq. CO2) of
the menu i (i=1…256). mj,i is the weight of the ECI j (j =
1…3) and nl,i is the weight of the CFP (k = 1).

As the maximization procedure leads to a favorable
efficiency if the values for the ECIi reach their maximum,
daily menus that are close to or within the RDI (high ECI,
see Equation (1)) are rated as more efficient.

Results

Environmental and nutritional assessment

In figures 1 and 2, the results of the CFP and the nutri-
tional assessment are shown. In these figures, the menus
are sorted according to their meals: firstly, the structure
is dominated by the lunch, the largest meal in terms of
calorific content and CFP. Secondly, all daily menus hav-
ing the same lunch were sorted according to their din-
ner, followed by breakfast and snacks.

Carbon Footprint, nutrition and sustainability 5Rev Esp Nutr Comunitaria 2016;22(1):2-9



Significant differences among the CFP of daily menus
were found (between 2.02 kg CO2-eq [vmvv] and 5.16 kg
CO2-eq [wwww]) (Figure 1). Among the four stereotyped
daily menus, the vegetarian one (vvvv) performs best (2.28
kg CO2-eq). Within the daily menu inspired by a western
diet, the consumption of animal protein produces 2.97 kg
CO2-eq, which leads to the overall worst result of 5.16 kg
CO2-eq. The CFP from meat consumption within the
mediterranean and standard daily menus contribute 34%
and 46%, respectively, to the overall result. Vegetal pro-
teins included in the vegetarian menu are consumed as pea
burgers and contribute only 18% to its CFP. Overall, lunch
and dinner together provide 62% to 85% of the menus’
calorific content and cause 60% to 95% of the CFP. The CFP
is positively correlated with fat and protein content and

negatively correlated with carbohydrates and, therefore,
meat content is positively correlated with CFP (table II).

The nutritional content of food products also varies
widely (figura 2). Single meals do not often fulfill the
health guidelines regarding the distribution of macronutri-
ents. The vegetarian breakfast includes > 90% carbohy-
drates, while the western snack consists of 65% fat. Owing
to these unbalanced meals, only 29 daily menus out of 256
follow the health guidelines pointed out previously.

Integration of results

When applying model 1, the daily menus analyzed have
an ENE between 0.48 and 1, while for model 2 it is between
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Fig. 1.—Carbon footprint: Over-
view of the carbon footprint of
all 256 daily menus. The daily
menus are sorted according to
their meals (lunch, dinner,
breakfast and snack; as indica-
ted on the left side).
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Fig. 2.—Nutritional content:
Overview of all 256 daily me-
nus: protein, fat and carbohy-
drate content. The daily menus
are sorted according to their
meals (lunch, dinner, breakfast
and snack; as indicated on the
left side).
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0.42 and 1 (figura 3). Eight daily menus are found to be
efficient with model 1 (mmvs, mwvs, smvs, swvs, mmvv,
smvv, vmvv and swvv), all of them containing the vegetar-
ian lunch. Additionally, they consist of the vegetarian or
standard dinner and the western or mediterranean snack.
Since lunch is the meal with the highest calorific content,
it is the most decisive factor. The macronutrient content of
the vegetarian lunch is close to the nutritional guidelines,
and its CFP is 31% to 78% smaller than the CFP of other
lunches. Model 1 efficiencies show a strong correlation
with the CFP (r = -0.89), the negative sign meaning the
higher the CFP the lower the ENE. It can also be observed
that the efficiency variation of menus with the vegetarian
lunch (daily menus xxvx, where x can be any meal) is large
(ENEs between 0.55 and 1), but the variation is quite small
for the western lunch (0.38-0.48). The same is observed for
dinner (xxxv versus xxxw).

While in model 1 menus including the western dinner
can sometimes outperform the other daily menus, this is
not possible using model 2, as the western dinner has a
small calorific value but a large CFP. Model 1 is able to
compensate the higher CFP with a high weight on pro-
tein, therefore showing the weakness of maximizing the
nutrient content. Within model 2, the high protein con-
tent is rated with an ECI below 1, leading to a lower ENE.

The average ENE using model 2 is 0.62, which is lower
compared to model 1 (0.65). Only a subset of the above

mentioned menus rated as efficient were also efficient
using model 2: mmvv, smvv and vmvv. All of them include
the mediterranean snack and the vegetarian lunch and
dinner; only the breakfast varies (xmvv). As macronutrient
contents for all 256 menus are close to the RDI guidelines,
the ECI is similar for all menus, and the CFP gains impor-
tance (r = -0.98). For both models, the correlation to the
nutritional values is small for protein and fat, and it
reaches 0.51 as a maximum for carbohydrates.

Figure 4 summarizes the results of model 2. It shows
the ENE and the included meals of the corresponding
daily menus. Menus are sorted according to their ENE. To
simplify the graph, average compositions of eight daily
menus (as indicated on the x-axis) and their average
ENEs are displayed. The composition regarding the four
stereotyped diets is calculated by assigning 25% to each
meal (breakfast, snack, lunch and dinner). The eight most
efficient daily menus consist of approximately 55% veg-
etarian meals, and daily menus with low efficiencies
include more than 70% western meals. While the
mediterranean dishes are slightly more present in daily
menus with a higher efficiency, standard meals can
mainly be found at lower efficiencies. These numbers do
not differ significantly when model 1 is used.

Spearman’s rank correlation coefficient for the rela-
tion between the content of meat within a daily menu
and the ENE of all menus was found equal to r = -0.52
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Table II
Spearman correlation coefficients between models and nutritional contents, meat content and CFP

ENE 1 ENE 2 CFP Protein Fat CH Meat

ENE 1 1,00 0,86 -0,89 -0,12 0,19 0,17 -0,52
ENE 2 1,00 -0,98 -0,39 -0,15 0,51 -0,67
CFP 1,00 0,42 0,13 -0,5 0,67

ENE: eco-nutritional-efficiency ENE 1: ENE using model 1; ENE 2: ENE using model 2.

Fig. 3.—Eco-nutritional-effi-
ciency: ENE calculated using
model 1 and model 2 for all 256
menus. The daily menus are
sorted according to their meals
(lunch, dinner, breakfast and
snack, as indicated on the left
side).
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and r = -0.67 for both models (Table 2). This agrees with
prior studies emphasizing the advantages of vegetarian
diets16,23 and is highlighted by the presence of the vege-
tarian lunch in all efficient menus.

While weights in model 1 reflect the relative impor-
tance of sources of calories, in model 2 they reflect the
importance of achieving the RDI for single macronutri-
ents. In model 1 no macronutrient determined the rank-
ing, i.e. no macronutrient was rated with 100% for most
menus. The relative weights found in model 2 reveal a
different picture. As all menus are close or within the
RDI guidelines, the calculation of the ECI led to 50%
smaller coefficients of variation.

Discussion

The daily menus showed an ENE between 0.42 and 1,
which means that with nutritional values kept constant,
the CFP could be reduced by up to 58%. As previously
mentioned, food causes 15-30% of the European CFP.
Consequently, a reduction of up to 17% of the CFP from
food would constitute a significant improvement, in line
with the present goal of the EU that is attaining a 20%
reduction of greenhouse gas (GHG) in 2020. Addition-
ally, the variation of efficiencies confirmed the possible
influence of day-to-day consumer choices.

In the case study, the number of products used to
design the menus was limited by data availability. The
CFPs of all menus are within the same range but slightly
lower than those found by Vieux et al. for real diets7. The
lower CFP can be attributed to the normalization to 2000
kcal person−1 day−1 compared to an average of 2118
kcal person−1 day−17. A higher variability of CFP and
nutritional values would influence the ENE scores of the
menus, since the model measures the ENE relative to the
“best menu” in the sample, which is not necessarily the
same as the best available menu. Although the use of real
self-selected diets including a wide variety of products
would be better for making recommendations to con-
sumers, the results of this study highlight the importance
of the protein source (vegetable vs. animal protein).  

The performance measurement is crucial in determining
the choice of the model and therefore the ENE. As a first
step, the quantity of macronutrients was maximized in
model 1. Next, to take into account a nutritional perfor-
mance measurement, model 2 including the ECI was suc-
cessfully implemented. Use of the ECI in rating the degree
of compliance with health regulations proved to be a valu-
able tool, as extreme values are no longer rated positively.
Using model 2 also led to higher relative efficiencies of the
healthy daily menus showing the stronger focus on a bal-
anced nutrition. None of the 29 menus that scored as
healthy in the nutritional assessment (section 3.1). How-
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Fig. 4.—Composition of daily menus: Average composition of daily menus compared to their average efficiency using model 2. The average composi-
tin was calculated by assigning 25% to each meal. E. g., an average of 50% vegetarian means that two vegetarian meals were consumed. Menus we-
re sorted according to their ENE before averages were calculated.
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ever, were rated as efficient within model 2 since the CFP
of all these menus was too high.

The environmental performance can be assessed
using LCA, a valuable and widely applied tool to assess
the contribution of a product not only to global warm-
ing, but also to other environmental impact categories
(e.g. eutrophication or water use). In case other impact
categories were included in the index, DEA would assign
weights to these impact categories, too.

As a first approximation, the macronutrients were
taken as representative for the nutritional values to sim-
plify the interpretation and comparison of the models.
Nutrient profiling24 shows a possible indicator regarding
nutrition that includes micronutrients, which can be
integrated in both models. This would provide in-depth
knowledge about the menus and would allow the testing
based on the need of specific population groups (e.g.
elderly people, children).

Conclusions

Knowledge of nutrition and CFP can avoid simplistic and
erroneous conclusions for food recommendations. The ENE
succeeds in aggregating the CFP and nutritional aspects to
create a unique value that can support decision-making. As
the reporting includes both nutritional and environmental
factors, trade-offs no longer hamper decisions. Promoting a
more eco-nutritionally-efficient diet enhances the resource
and energy efficiency while taking into account consumers’
health. While model 1 represents a basic model for the com-
bination of CFP and nutritional aspects using DEA, model 2
also measures menu’s nutritional performance. Both models
allow for the inclusion of more nutritional aspects (e.g.
micronutrient content) and environmental impacts.

The use and communication of the ENE can empower
stakeholders to shape food consumption more sustain-
ably. The presented DEA models reach this goal by avoid-
ing subjective weighting. Instead, DEA looks for a set of
most favorable weights for each menu. When a specific
menu achieves an ENE lower than 1, it means that even
using the most favorable weights (for that specific
menu) there is at least another menu which is able to
obtain an ENE equal to 1 using the same set of weights.

Several model improvements were found. Further
environmental impacts such as water use or eutrophica-
tion relevant and closely linked to food production could
be also used. Additionally, a measure of the nutritional
performance regarding micronutrients can be incorpo-
rated. In this way, general conclusions regarding nutri-
tional performance, such as the change of protein
sources, would be facilitated. 
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