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Abstract. Energy is life. Without it there is no water, there is no nutrition. Man’s ability to live, grow,
produce wealth is closely linked to the energy availability and use. Fire has been the first energy conversion
technology; since that moment, the link between energy and progress has been indissoluble. Nowadays, a
much greater energy input into the food supply chain has made a much higher food production possible.
This might have an impact on the water availability. Algae are a promising solution for the energy-food-
water nexus.

1 Introduction

About 10000 years ago, from 1 calorie spent as muscular work to obtain food products, Neolithic man gained 15 to 40
calories in nutritional value, depending on the product and on climatic conditions; to feed one person a few hectares
of fertile soil had to be exploited on average [1]. Today the world average is about 0.2 hectares per person.

Only the supply of greater energy flows, both directly as fuel or electricity and indirectly in the form of chemicals
or agricultural machinery, has enabled a simultaneous world population growth and an increase in average food
availability per capita. This is bringing the attention to another important resource of our planet that is at the base
of the food chain: water. Over two-thirds of the planet is covered by water but only about 2.5% is fresh water: 70%
of annual freshwater withdrawals is used for agriculture, 20% for domestic or industrial use, 10% for energy. In fact,
70% of the fresh water we use, is used to feed the planet.

In the first section of this paper the energy inputs in the food supply chain are analized with emphasis on trans-
portation, storage and packaging and an evaluation of the energy gain is presented. In the second section, energy
losses in the food supply chain are presented together with an evaluation of possible recoveries. Energy production
from cereal residue, presented in the following section, is one way to recover energy from agriculture: after an intro-
duction about the world energy production from biomass, an assessment on the possible extraction of energy from
the secondary products of cereals is presented. Finally some features of algae are highlighted: seaweeds may give an
important contribution both to the energy production chain, having biofuels as possible output, and to the food supply
chain, being used in human and animal nutrition. Algae may represent a potential in solving the energy-water-food
nexus.

* Contribution to the Focus Point on “Plants for food, energy and sustainability” edited by G. Alimonti, S. Johansson,
L. Mariani.
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Fig. 1. Energy consumption for 1 ha crops [GJ/ha]. The energy consumption for pesticides, fertilizers and fuel is shown
singularly; the remaining energy inputs for agricultural production are grouped. Adapted from [2-8].

2 Energy in the food production chain

In the last century, population growth pushed to improve food productivity: improved plant varieties, fertilizers,
pesticides and other technical agricultural means allowed a very considerable increase of agricultural production. The
ability to feed a greater number of people is related to an acquired higher productivity per hectare and to the capability
to store food. The analysis of energy inputs in the food processing chain and its development in the last century is
not easy given the several and complex steps that may affect the overall energy efficiency: data from agricultural
production, processing, packaging and transportation have to be treated. For meat production, livestock breeding and
slaughter have also to be considered. Most of the presented data are relative to Italy or United States.

2.1 Agricultural production

Agricultural productivity (energy output) can be increased either enhancing energy inputs or improving transformation
efficiency; actually the first solution has allowed the productivity growth of the last century and in some cases a decrease
of energy gain (energy output/energy input) has been observed [2]. Energy gain is one of the good indicators that
show from an energy point of view how agriculture has changed in the twentieth century [9].

The usage of fertilizers, pesticides, and the increase of agricultural mechanization are the main elements that have
allowed the increase in crops productivity in this last century: these are the most relevant energy-consuming elements
within agricultural production. As summarized in fig. 1, in which these three elements are highlighted for different
types of crops.

Fertilizers extracted from mineral deposits or artificially synthesized, show a worldwide almost fivefold increment
from 1961 [10]. Fertilizers containing nitrogen, potassium and phosphate are used to supplement the natural soil
nutrient supply and to build up soil fertility in order to satisfy the demand of crops with a high yield potential, in
particular to compensate for the nutrients exported by the harvested products or lost by unavoidable leakages to the
environment. The use of these fertilizers facilitates protein synthesis, increases the amount of chlorophyll in the leaves,
eases the absorption of water and increases resistance to cold and pests. Energy inputs for production, packaging and
application for these three kinds of fertilizer are taken from [3].

Pesticides are classified depending on their function: insecticides, fungicides, herbicides. Getting the amount of
fertilizers and pesticides used in agriculture from [10] and the energy spent to produce and use them from [4, 5], the
energy needed for the process can be inferred.

Fuel consumption is closely linked to agricultural mechanization; it is thus possible to evaluate its worldwide trend
by checking the amount of agricultural tractors, which grew by about 2.5 times from 1961 [10], and the increase in
average power for each tractor. The needs of fuel for cultivation, considering both the number of tractors and their
power increase, are taken from [11] and shown in fig. 1, considering the yield for each culture given in [12].

Applying these data to the average diet of pigs, bovines (beef is considered, not veal) and poultry, allows to
obtain the energy cost for feed production; pesticides and fertilizers energy consumption is considered only for
the main products, corn and wheat, while barley data are adjusted from wheat. Most of the products needed for
feed production have to be transported from farm to feed factories: cereals, sunflowers and rapeseed are culti-
vated in Europe, soy comes from America (both North and South) [13,14]. They have to be prepared and then
moved to breeding farms [13, 14], with additional energy use. For transportation, the Italian feed supply chain is
considered.



Eur. Phys. J. Plus (2017) 132: 14 Page 3 of 9

Metal tin

Glass bottle

Rigid plastic packaging
Laminated paper bag
Paper box

Tetrapak® carton
Food packaging bag
Hard plastic botte

Plastic bottle

0 2 4 6 8 10 12

Fig. 2. Energy consumption [MJ] to produce 1 L volume food container, except for rigid plastic packaging, which is 1kg
packaging. Adapted from [6,15,16].
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Fig. 3. Energy consumption per 1kg of product [MJ/kg], with a subdivision of the energy inputs in the food processing chain.
Adapted from [2-8].

2.2 Food transformations and transportation

Processing is considered in terms of product conservation, since it is an important factor especially for foods that
have a short life span. Energy consumption strongly varies depending on the kind of process [6]: solar drying does not
need any energy input, whereas smoking or freeze-drying have the highest energy costs. Energy costs for final meat
processing before the retail distribution can be calculated from [15].

Packaging is one of the methods used to help preserving food. We consider the energy inputs for different materials
and packages, as shown in fig. 2. Considering beans production, the energy needed for the final product depends very
much on the chosen package: the energy needed for 400 gr (360 ml) of canned beans is 5.7 MJ where 3.8 MJ, 67% of
the total energy, are used for the metal tin production [15]. If a Tetrapak® package is used instead of the metal tin,
the energy cost for packaging is 1.2 MJ on a total of 3.1 MJ [15, 16].

Transportation. During the last century there have been important changes in transportation; globalization, better
food preserving and higher vehicle efficiency, have greatly increased the number and length of trading routes. Food
can now be brought almost anywhere in the world; countries that cannot grow a certain kind of food in their territory
(or just in a specific season) can still get it. The main factors affecting energy consumption in transportation are
the length of trading routes, the type of marketing (supermarket, market, grocery store), the mean of transportation
(train, plane, truck, barge), the product weight and its life span. There are several means of transportation, each
requiring its own energy cost: truck, train and barge need a lot less energy than plane.

Figure 3 summarizes the energy costs of pasta, white bread, tomatoes and apples considering 2000 km transportation
by truck; it is also presented the distribution of energy costs for greenhouse tomatoes with local origin (100 kilometers)
based on energy inputs discussed before [2,6,7,14-16]. It is shown that the greatest energy cost for fresh products
such as non-local tomatoes and apples comes from transportation; for local tomatoes out of season, grown in heated
greenhouses, the energy cost of agricultural production is by far the greatest consumption, even higher than the energy
required for processed and packed products.

The example of greenhouse-grown tomatoes shows that the energy savings coming from short transportation do
not compensate for the high energy input required by the greenhouse heating. In general, fresh products need less
energy than processed, packed or greenhouse-grown products.
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Fig. 4. Energy consumption in meat supply chain (MJ/kg of purchasable meat).

2.3 Meet supply chain

Energy data on breeding farms (heating, ventilation, distribution of food and water, lighting, effluent collection
and treatment, cleaning and all the others mechanized activities useful to breeding management) can be obtained
from [17-19]; since no information were found about energy consumption by breeding farms that produce bovine
meat, information about dairy farming has been used, excluding the consumption due to the dairy processes (milking
and milk cooling). Animals are moved from reproduction farms to breeding farms: data from the Italian situation
are considered to calculate the energy needed for transportation. Bovines arrive from France (where they are born)
to Italy (800 kilometers); pigs reproduction farms are in Italy, so an average distance of 100 kilometers can be con-
sidered; the energy needed for chicks transportation is negligible due to the high number of transported animals and
the large weight increase. Animals are then moved from breeding farms to slaughterhouse and considering an average
value of 150 kilometers, the total transportation energy can be evaluated [14]. Finally, data on energy consumption in
slaughterhouses are taken from [17].

Figure 4 summarizes the meat supply chain data: the highest energy cost is for the bovine meat production
(75MJ/kg): this mainly comes from the lowest bovine final yield (weight of purchasable meat compared to total
weight of the animal) compared to pigs or poultry (44%, 72% and 63%).

Figure 4 also shows that feeding always has the highest component requiring at least 50% of the energy required
by the whole production chain; feeding is followed by final processing for pigs and poultry and by breeding for bovines.
Slaughter needs few energy if compared with other processes and transports (raw materials, feed and animals) influence
the total amount of energy needed by 8% for pigs and for bovine and 10% for poultry.

2.4 Energy gain

Summarizing the data presented up to now, the ratio G between energy output over energy input can be calculated,
thus showing the difference between different kinds of production. This is clearly visible in the case of tomatoes:
when tomatoes are grown conventionally, G is a little bit over one (there is a little gain in the energy output); when
tomatoes are coming from 2000 km away G = 0.43, but when tomatoes are cultivated in heated greenhouses G = 0.03.
Considering also the energy costs after the agricultural production stage, the G value gets a further reduction, as it
does for wheat: considering only the agricultural production G = 2.24 but, evaluating the total energy consumption,
for white bread and pasta G = 0.65 and G = 0.94 respectively. The G value also shows differences between crops:
cereals, as already shown for wheat, having a high energy content and requiring not much energy per hectare, have
a G value over one (e.g., oats G = 5.11, maize G = 3.12, rice G = 2.23). The G value for fruits is close to one (e.g.,
oranges G = 1.03, apples G = 0.71), requiring great quantity of energy balanced by the high production yield; the
same is true for vegetables, as already shown for tomatoes and tubers (e.g., potatoes G = 1.33).

The same calculation can be done for meat production: in general, inserting one more step in the food production
chain, that is one more energy transformation, a lower G value is expected compared to the original animal feed G
value. Considering the energy provided by 1kg of swine, bovine or poultry meat, respectively, 9.8 MJ, 10.7 MJ and
5.7MJ [8], and comparing it to the energy input needed in the supply chain, the G value is 0.24 for pork, 0.14 for beef
and 0.13 for poultry.

3 Energy losses in the food production chain

Every energy transformation leads to some energy loss: as seen, food production does not make an exception.
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We define energy loss as the difference between chemical-energy content of what the consumer actually eats and
whatever energy input aimed to produce it. Thus, we shall not consider packaging, transportation and processing,
which could be more properly defined as energy costs.

Even if different ways to cook the same food could lead to different chemical-energy contents, for the sake of
simplicity we shall not consider this aspect in our definition of energy loss.

It is recognized [20] that around 32% of the losses is due to agricultural sector, 22% is due to post-harvest phase,
13% to distribution, 11% to industrial manufacturing and the remaining 22% happens in houses.

The main path to save energy in agricultural and livestock sectors is to produce organic fertilizers. According to
FAO estimates [21], organic fertilizers constitute no more than 15% of all fertilizer used in developed countries; in
developing countries, this share is probably higher, but there are not precise data to quote.

The principal cause of energy loss in agriculture and livestock sectors is the low efficiency of both plants in producing
fruits or seeds and of cattle metabolism. Plants devolve 5-50% of their stored energy to produce fruits and seeds [22];
this means that most of the energy is used to create non-edible parts of the plant, that are therefore, from our point
of view, energy losses. How much energy is lost depends on the specific plant. The issue of quantifying and reusing
energy from discarded biomass will be developed in the next sect.

Efficiency in cattle metabolism is much lower than the one of plants: it is quite common to consider that the
conversion from biomass used to feed an animal to the animal biomass rates on average 10:1. This means that we lose
much more energy with cattle than we lose with plants and agriculture; however, this also means that we can hope to
have bigger energy savings from livestock.

Energy lost by cattle is mainly thermal energy and discarded biomass (excrements): while thermal energy is quite
difficult to save, energy of discarded biomass is widely used. The energy content of discarded biomass is mainly
composed of a huge share of chemical energy and a tiny part of thermal energy. Before discussing the chemical part,
it is interesting to give an estimate of thermal energy, in order to underline how significant even a small entry in the
energy balance of food production may be.

Let us consider 1kg of excrements (i.e. one third of the daily discarded production of a single cow) cooling down
from internal cow temperature, 39 °C, to the average annual temperature in the Po Valley, around 14 °C. Taking a
reasonable value for the specific heat from a work by Nayyeri et al. [23] with some extrapolation, 2kJ/kg/°C, the
result is 48 kJ: such an energy would be enough to lift a weight of 80 kg up to a height of 60 m. Moreover, if we repeated
the calculation for the average daily urine production of the average cow, we would find a total discarded-biomass
thermal loss of 1.5 MJ per cow, every day.

This portion of energy, as we said before, has a minor role with respect to the chemical share and it is clear that
this thermal energy cannot be easily saved but as natural heating of the stable where cows are bred.

It is quite difficult to make a correct estimate of the total chemical energy density of animal excrements: for
instance, it is not obvious if binding-energy of nitrogen-compounded molecules has to be taken into account. Plants
can absorb nitrogen both from organic and from chemical fertilizers: the more nitrogen-compounded molecules are
present in manure, the lesser fossil energy is needed for the chemical synthesis of fertilizers (0.7 TOE of energy is
needed for 1 tonne of fertilizer [24]). Moreover, it is not clear whether the energy contained in fibres has to be taken
completely into account: excrements undergo a process of exothermal simplification of fibres into simpler starches and
methane before being used as manure. A good compromise could be defining the bare energy density as the energy
produced by direct combustion of dry matter, which is about 10 MJ /kg.

There are two main methods to recover energy from cattle excrements: manure and methane production. Not every
technique is good in order to produce both of them: in particular, all traditional techniques are bound to lose almost
all the gaseous fraction.

Eventually, an interesting way to handle both animals’ excrements and losses from industry, market and houses is
bio-digestion, which creates a favourable environment for bacteria, accelerating, thus, decomposition and stabilization.

In fact, there are two kinds of bioreactors, depending on the kind of digestion they tend to reproduce: aerobic and
anaerobic ones. Actually, the latter is also a valid compromise between manure and methane production [25].

Saving food is another way to save energy: based on FAO estimates, every year in the world 1.6 Gt of food are
wasted and 80% of these losses are still edible; they represent one third of the world yearly production. A way to
prevent food from being wasted is to donate it to food-banks. Unfortunately, it is quite difficult to quantify precisely
how much food can actually be saved in this way, because there is no database gathering the information of a huge
number of food-banks spread all around the world. Nevertheless, we can have an idea considering data from Global
FoodBanking Network (GFN), which are relative to food-banks from USA, UK, Japan, Singapore, Egypt and many
other African countries (no EU country besides UK, few Asian ones and none from Oceania and South America). GFN
declares to save every year 540000 tonnes of edible food: just about 0.04% of the edible food waste declared by FAO.

Eventually, energy savings in food production can be summarized in two categories:

1) when energy has already the shape of food (mainly through food donations)
2) when energy still has some other shape.
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Table 1. World residue calculated on eq. (2) with HI from [26]. HV indicates the higher calorific value of the considered cereal.
“MC” stands for “multiplicative coefficient” and indicates the ratio between tonne residue and tonne cereal.

Crop Residue MC % Residue HV Energy
[Mton] [Mton] [MJ/kg] [EJ]
Cereals 1774.2 0.22 390.3 17.5 6.8
Wheat 491.1 0.22 108.0 17.5 1.9
Barley 115.1 0.22 25.3 17.5 0.4
Maize 448.3 0.25 112.1 16.8 1.9
Rice 494.0 0.22 108.7 17 1.9

Globally, as we have seen, the first category saves very little energy, while the second one is a much more relevant
energy saving process. Nevertheless, the first category may look more relevant on a human dimension, because donating
food to people is ethically quite different from recycling garbage. Overall, the two of them represent a minor quantity
when compared both to total energy losses and to total energy inputs (at least in developed countries). However, in
this particular production chain, energy is strongly bound to life dignity of human beings and thus even small energy
savings assume greater importance.

4 Energy from cereal residue

Biomass is organic matter derived from living or recently living organism. Biomass for energy includes a wide range
of materials: virgin wood, agricultural residues, energy crops, food waste, and industrial waste. Bioenergy is energy
derived from the conversion of biomass and it is the largest renewable energy source: currently, it accounts for roughly
10% of the world total primary energy supply. In 2013, 462 TWh of electricity from bioenergy have been produced and
this corresponds roughly to 2% of the world electricity generation [27]. In order to minimize green house gas emissions,
countries are looking for alternative sources of energy. Bioenergy reduces dependency on the fossil fuel consumption,
contributing to energy security and climate change mitigation.

Agricultural activities generate large amounts of biomass residues coming from all those parts of the plant that
are not addressed for primary use: in general these are support and protection structures for plants. The evaluation
of agricultural residues availability is difficult because of the important differences among various crops. Data on a
specific crop production depend on climatic condition, land fertility, productivity of the system and technology that
has been used. The amount of residues also depends on terrain yield. The energy extracted from agricultural residues
may be significant but alternative use must also be considered.

The ratio of crop seeds over the total biomass produced is called harvest index and this changes during the years.
Harvest index describes plant ability to allocate biomass into reproductive parts; hence it is an important characteristic
for plant breeding [28]:

HI = production/(biomass yield), (1)
Residue = biomass yield — production. (2)

Crop residues in this study include straw from wheat, barley and rice and corn stover (stalks and cobs) from maize.
Harvest indices are assumed according to [26]. As a general rule, in order to ensure long-term productivity, only part
of the residues should be harvested to avoid depletion of organic matter in the soil [28,29]: only about 0.22 tonne
straw per tonne cereal, with the exception of maize (table 1), are available for energy use [29].

As shown in table 1, the energy that could be obtained from residue of major cereals (wheat, barley, maize and
rice) is 6.1 EJ. Considering the amount of all cereals, 6.8 EJ could be produced which represent roughly 1.2% of the
world primary energy demand in 2013 [10].

Energy recovery from residual agricultural biomass has a potential that developed countries are interested in
exploiting. Many studies have reached different conclusions about future contribution of biomass to global energy
supply: the major reason for these differences is that land availability and yield levels in energy crop production, the
most crucial parameters, are very uncertain and subject to widely different opinions. Agricultural residues are a mean
to avoid conflicts between human food use and industrial use of crops.

According to the International Renewable Energy Agency 2014 report [30], bioenergy could reach 108 EJ worldwide
by 2030: it could account for 20% of total primary energy supply and 60% of final renewable energy use. The way we
use biomass can be expected to change in the next few years: at present, two-thirds of total biomass use, accounting
for 35EJ, are for cooking, heating and burning firewood. By 2030, power and district heating could reach 36 EJ
(one-third of total biomass use in 2030), transportation 31 EJ (almost 29%), while heat for industry and buildings
could go up to 41 EJ. Global biomass supply potential in 2030 is estimated to range from 97EJ to 147 EJ per year.
About 40% of this amount would originate from agricultural residues and waste (37-66 EJ). The remaining supply
potential is shared between energy crops (33-39 EJ) and forest products, including forest residues (24-43EJ).
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Fig. 5. Area needed to meet 1% of the total annual US fuel needs (1.13 billion m?/year) with biodiesel [31]. The estimate does
not include the energy production consumption. The algae area is about 200000 ha: algae would need roughly 107 ha to meet
the entire US fuel demand.

5 Algae for biofuel production

Algae is a generic term for a group of eukaryotic organisms that possess chlorophyll as photosynthetic pigment and do
not present a real differentiation of tissues (like leaves and roots). Among algae there are single-cell organisms, such
as Chlorella, and multicellular forms such as Kelp, which can be 50 meters long. Most of these species are aquatic and
can live in fresh water (e.g., Charophyta) or salt water (e.g., Rhodophytes). Typically, they are autotrophic organisms
that produce chemical energy by photosynthesis. However some species can be mixotrophic or heterotrophic (without
photosynthetic apparatus). Algae include about 72500 species [32], but it is estimated there could be many more.

Their photosynthetic activity is important: they are responsible for 50% of the oxygen produced on Earth [33].

Like land plants, some species of algae accumulate the products of photosynthesis as polysaccharide chains (e.g.,
Chlorella, or Spirogyra), and some store energy in lipid chains (e.g., Dunaliella sp.). Some algae species, however, can
reach higher sugar and lipid concentration compared to land plants: in particular, sugar concentration can be 50% of
the dry algal cell [34], while land plants do not exceed 20% (sugar beet).

The main features that differentiate algae from land plants in the biomass production are:

1) Algae evolved to carry out photosynthesis with water-filtered light: this made them particularly efficient in the use
of solar energy. Since they do not present a real differentiation of tissues, the energy obtained by photosynthesis is
not used for the construction of complex structures, and can be directly accumulated.

2) Their surface is totally photosynthetic [35]. Land plants, in contrast, concentrate the photosynthetic pigment in
small percentages of the total area (generally in leaves). This enables algae, under right conditions, to rapidly
produce a large amount of biomass.

3) Algae evolution occurred in a floating state. This means they do not have lignin, a complex structure indigestible
by the bacteria used during the fermentation, key step for the industrial production of ethanol.

Algae show interesting properties in terms of solar efficiency conversion to biomass. For traditional terrestrial crops,
the theoretical maximum is around 4.6% for C3 and 6% for C4 plants [36]. For algae, estimates of theoretical upper
limits of photosynthetic efficiency have not been conducted yet, but microalgae may have a lower respiratory rate that
would raise this parameter. Moreover, the smaller photosystem antenna size would prevent photons over-absorption
by individual cells, enabling deeper sunlight-penetration into the culture, and affording an opportunity for more cells
to be productive [37].

Large-scale algae production would have several advantages compared to a terrestrial crop.

Growth speed. Algae have life cycles of the order of hours or days. Land plants generally take months, or years,
to make a comparable production of biomass. This is very important, since growth speed increases productivity and
savings of resources.

Agriculture competition. Currently, traditional crops like sugar cane, wheat and soybeans dominate biofuel pro-
duction. Such a biofuel production from terrestrial biomass is not sustainable in the long term: consider that using
corn, an half of the whole arable U.S. land would be necessary to meet only about 1% of the annual internal fuel
demand [31] with biodiesel (see fig. 5). Furthermore, this would be to the detriment of crops for food uses. According
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to a recent estimate, the world food demand will grow by 70% by 2050 [38]. Algae represent an interesting solution to
this problem, because they do not require arable land to grow: they can grow in bioreactors, tanks, and in the sea too.
Moreover, their development does not require pesticides, preventing water and soil contamination, and fertilization is
limited to tubs or bioreactors, their living environment.

No pure water need. Agriculture is responsible for 70% of world water usage [38]. Algal crops would be a positive
response to this problem too, because they can grow in wastewater, seawater and brackish water. Indeed, wastewater
can constitute a mix of nutrients suitable for different types of algae, which can accumulate heavy metals, pesticides,
organic and inorganic toxic and radioactive substances in cells [39]. This makes algae effective in the purification of
wastewater.

A few words about the promising use of algae for food production. Seaweeds are traditional sources of nutrition,
especially in asian countries. In Europe, algae are mainly used for the production of additives or meal for animal
nutrition. The nutritional value of algae depends on the considered species. However, protein is always the major
organic constituent, followed usually by lipid and then carbohydrate: expressed as percentage of dry weight, they
are 12-35%, 7.2-23%, and 4.6-23%, respectively [40]. Seaweeds (especially the Chlorophyceae and the Rhodophyceae)
could be a complementary source of food proteins for human nutrition, since their amino acid composition is very
differentiated among the existing species [41]. The use of high level protein seaweeds in feed for fish farming, in
particular, seems to be a promising way for the utilization of this plant marine resource [40,41]. The co-production
of a high value-added products would be economically beneficial to an algae-based system for production of biodiesel
(e.g., spent algal biomass can be sold as animal feed) [34].

6 Conclusions

Energy is essential in nowadays life for any activity we perform. Throughout this paper some aspects concerning energy
use and production related to the food chain have been presented: energy consumption evaluation for the production
of various types of foods, the potential of energy recovery from agricultural and livestock residues with reference to
energy crops, the potential of algae for the production of biofuels. The paper also has a focus on food energy balance
comparing the energy needed to produce, transform and transport few selected foods to the final user, with the energy
content of the same products. Nevertheless, we are aware that this is a limited point of view: other nutritional values
of food, e.g. protein content, could be taken into account to analyze the issue of the food quality when considering the
energetic cost of different kind of foods. This may be the subject for a future new task.

We thank EnergyLab Foundation in Milan for offering us the chance to study this subject and for supporting us in presenting
our job to EXPO 2015.
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