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Abstract. The present study aims to evaluate the environmental impact of the food supply
system in the State of Piaui, Brazil, through the transport of the provision of school meals from
the farm to a public elementary school located in Piracuruca-Piaui. The concepts of ‘local food’
chains, carbon reduction policies, and global environmental sustainability were applied. The
research has an exploratory emphasis and used a survey for analyzing the data. The food used
in the school meals was divided into two groups: perishable and non-perishable. The environ-
mental impact study on greenhouse gases emissions focused on perishable food, separating
them into two groups: those from family farming and local production, and others from abroad.
It was found that it is necessary to improve the logistics of transportation of family farming
production, avoiding that each farmer makes the transport of its production individually. Such
an initiative might have a significant impact on the reduction of greenhouse gas emissions.

Keywords: local food; transportation; logistics; environmental impact.

1 Introduction

The development of the so-called “local-food’ chains intends to allow the renewal of
the relations between the city and farms [1]. Within the ‘local food global discussion,
environmental impacts considered are not restricted to GHG (greenhouse gases) emis-
sions. However, carbon reduction policies may deliver potential trade-offs in overall
environmental sustainability until other impacts are entirely considered [2]. The GHG
emissions from truck transportation cause a severe burden on climate change since the
transport within the supply chains is an essential player in the global carbon dioxide
emissions [3]. The road freight segment is a sole contributor to CO, emissions in large
countries such as Brazil [4]. Diesel on-road trucks travel vast distances from the farms
to the food distribution centers in the country. The Global Warming Potential (GWP)
was developed to permit comparisons of the global warming impacts of different
gases. It is a measure of how much energy the emissions of 1 t of gas will absorb over
a given period, relative to the emissions of 1t of CO, [5].

The current case-study aimed to evaluate the partial environmental impact of a per-
ishable food supply system (familiar farming) in Piaui State, Brazil.
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2 Literature Review

The ‘local food” concept is based on certain boundaries [6]. (1) Geographic distance:
calculated in units of distance, usually with a defined maximum distance; (2) Tem-
poral distance: calculated in units of time, e.g. the food can be trucked to the point of
consumption in 24 hours or less; and (3) Political and administrative boundaries:
based on municipal, regional, or national borders [1].

Family farming
The expression of family farming has been studied in academic, political, and social
scopes. In order to stimulate social participation and encourage local economies, the
federal government established proper legislation [7] that establishes the guidelines
for the formulation of the National Policy on Family Agriculture. A family farmer
entrepreneur is one who practices agricultural activities, and uses the family's
workforce in the activities, and have a family’ income derived from that economic
activity [7].

In relation to school meals, [8] determines that at least 30% of the value transferred
from the National School Feeding Program (PNAE) by the National Education De-
velopment Fund (FNDE) to states, municipalities and the Federal District, should be
used for the purchase of food products produced by the family farming. Such an initi-
ative is an important public policy for small farmers to assess the market, allowing
them to sell the products more efficiently while benefiting schools that can offer the
student's food free of pesticides. Farmers who supply their agricultural products to the
county elementary schools in Piracuruca live in a small settlement on the road BR
343, 10 km from the municipality's headquarters. Produce fruits and vegetables and
sell in their own residence or provide for dealers of the Municipal Public Market.
Their average income is around 1 (one) minimum wage. However, family farmers do
not have production all year around compatible with the needs of the schools [8] at
the county of Piracuruca.

Strategies of school-meal distribution logistic

School meals in the present county have a warehouse in which the food received from
the producers is stored (Fig. 1). The city council then takes responsibility for distrib-
uting food from the storage (deposit lunch) to schools. In this distribution process, a
schedule prepared by the school nutritionist is considered, which contains all the nec-
essary weekly information, such as the number of products, menu, and other recom-
mendations regarding food preparation. The separation of these foods immediately is
made by the demand of each school. The transportation is carried out once a week on
the morning shift on each Monday.
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Fig. 1. Logistics flowchart for school meal distribution

The distribution logistics of family farming products is still one of the main
restrictions experienced by farmers [9]. School meals in the present county have a
warehouse in which the food received from the producers is stored. The county coun-
cil distributes the food to schools. The vehicle used to perform this transport is a
pickup truck. The possible contribution of local sales chains to the reduction of ener-
gy consumption has been debated in recent years. Results of comparing the fuel con-
sumption from different modes of distribution of fruits and vegetables in a region of
France was discussed by [10].

3 Methods

For the investigation of the subject, a survey was carried out in an elementary school
with 350 students enrolled in the county of Piracuruca that is in the State of Piaui.
According to data of the [11] has income HDI (Human Development Index) is 0.575,
and is located in the geographic microregion of the Piaui coast, comprising a territori-
al area of 2,134 km?, with an estimated population of 27,553 inhabitants and the GDP
of the county in relation to agricultural activity is US$ 2,398.82, the industry sector is
US$ 3,504.95, and service is equivalent to US$ 23,461.64.

The economy of the county develops around the Agri-industry with emphasis on
the production of cashew nuts, honey production, fish farming, and family farming
that is cultivated in small farms along the banks of the Piracuruca dam, which accu-
mulates 250 million cubic meters of water where hundreds of families produce vege-
tables throughout the year.

Selected boundaries for the analysis

The research focused on the volume of food transported and the distance from farms
to the warehouse distribution center for the elementary school. Transportation was
done using pickup truck and motorcycles. Meat, chicken and fruit pulp are transported
in a truck adding up to 204 kg/month, and the bread totaling 1,600 units /month. On
motorcycles 290 kg/month of products, such as tomatoes, onions, peppers, green
scents, sweet potatoes, orange, mandioc, pumpkin).

The products were grouped into two categories: perishable (vegetable and fruit)
and non-perishable (processed rice, beans, garlic, chocolate, powdered milk, biscuit,
sugar, noodles, tomato extract, soybean oil, seasoning, refined salt, ‘coloral’ (local
seasoning), canned corn, flour, and coffee). The cluster of perishable food products
represents 60% of the total food consumed monthly.

The farmers do transportation using pick-up trucks and motorcycles. The cluster of
perishable food products represents 60% of the total food consumed monthly.

Description of the school-meal logistics in Piracuruca, Brazil
School meals in the studied county of have the following logistics: all suppliers deliv-
er their products in a central (School Lunch Distribution Center), where the school
makes the separation, and then all delivery is done by the responsible for this sector.
Perishable foods are delivered once a week, and non-perishable foods are delivered
biweekly.



Thus, the food route for school meals in the “Herminio Conde” elementary school
can be described as follows: the fruit pulp is transported from 9.2 km, packed in a
refrigerated vehicle. The other perishable foods are delivered to the warehouse, using
transport such as a bicycle and a motorcycle, and travel up to 10 km. Non-perishable
foods come from long distances. The leftovers from the previous delivery are collect-
ed by the delivery vehicle and taken to a reserved area for redistribution. In this way,
waste is always avoided. The school manager is advised to check, at the time of re-
ceiving the products, the expiration date as well as the aspect of each food, such as
color, and consistency. Such special care is aimed at avoiding foods that have expired
or that expire before the day they are served to the students.

The survey focused on the amount of food transported and the distance from farms
to the school. The perishable foods are vegetables and fruits, and non-perishables are
processed rice, beans, and others. Calculations were made, considering the reference
values of one month of school meals in a public elementary school. A projection of
these values was made for a school year, which, in this case, corresponds to ten
months, given the need to subtract the 45 days of school vacations. After the calcula-
tions were completed, the total kilograms were converted into tons. Concerning the
sample criterion, the present research is limited to non-perishable products produced
in the region used in school meals. Fig. 2 indicates the scheme of delimitation in the
current study.
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Fig. 2. Scheme of the geographic limits of the study of the environmental impact of
the school-meal logistics of perishable food.

Global warming impact assessment

The information was collected through analysis of tables used for the menu of meals
composed of food products of March 2019. The values of the CO, equivalent (CO,-
eq) emissions were estimated adopting the 100-yr Global Warming Potential (GWP)
values used by the Fourth Assessment Report (AR4) of the IPCC [12] and using the
online calculator [13]. The online calculator uses as input the distance traveled and
the average fuel consumption, and the result is the amount of CO,-eq/year, referred to
the GWP in 100 years [14].



4 Result and Discussion

After analyzing the data, it was observed that the use of local sales chains in school
meals brings benefits from the social point of view. The incentive of such a produc-
tion generates income and boosts the economy of the municipality, besides including
small farmers in the local market. Such a benefit goes beyond the social analysis since
through the current study it was found that energy consumption and GHG emissions
in the environment decreased significantly when the foods travel short distances to
their destination, contributing to environmental preservation.

The results of the energy consumption of different modes of fruit and vegetable
distribution were presented (Table 1), as suggested by [10], and it was verified that
the food produced near the county's headquarters has a lower impact than that pro-
duced in another county located 95.4 km from Piracuruca, as seen in the results of the
fruit pulp. These policies to reduce carbon emissions, according to [2] are potential
trade-offs in global environmental sustainability. The lower the distance in transport,
the less GHG emission.

Table 1. Perishable products analyzed for one year, the quantity (t), the corre-
sponding traveled distance (km) from the farm to the elementary school case-study,
and the global warming impact.

Product Quantity Distance Fuel type GWP (CO,-eqtx 10™in

(t) (km) 100ys)
Fruit pulp 0.64 7,616 diesel 288
Fresh 0.08 80 diesel 30
bread
Ground 0.44 80 diesel 30
beef
Broiler 0.96 80 diesel 30
breast
Tomato 0.18 800 gasoline 50
Onion 0.18 800 gasoline 50
Green 0.06 800 gasoline 50
pepper
Cilantro 0.96 800 gasoline 50
Sweet 0.16 800 gasoline 50
potato
Orange 1.04 800 gasoline 50
Manioc 0.16 800 gasoline 50
Pumpkin 0.16 800 gasoline 50

Note: The school year corresponds to 10 consequent months, with 5-days/week

Table 1 shows that, although it is verified that the perishable food is transported in
less than 24 hours (one of the characteristics of the ‘local food”), it consumes less
energy in its transport. The production is made by family farmers, which each pro-
duces and delivery a product individually, using their transport (motorcycle). Thus,
the sum of GHG emissions in the transport of the products (tomatoes, onions, pep-
pers, green odor, sweet potatoes, orange, cassava, and pumpkin) corresponds to 400



GWP. While the sum of the GHG emission values of the others shown in Table 1
(fruit pulp, ground meat, cold broiler chest, and bread) corresponds to a lower value
(378 GWP; even considering that one of these products, the fruit pulp, traveled a total
distance of 7,616 km) and all other products take up only 6,640 km. Such results lead
to the conclusion that it is not enough to search for local sales chains, it is necessary
to improve the logistics of transport, causing this production to be transported togeth-
er, avoiding that each farmer transports the agricultural production individually,
which will significantly impact emissions from greenhouse gases.

Figure 3 shows the relationship between the GWP and the distance of food distri-
bution, and the fuel used to transport the food-products.

Distance {km)
S
o
Q
o

3000 A

Q o K2 S
_\\\ ~ & C
0 S

&
> o

%

Food-product
Distance (km) @GwWP (CO2-eqt X 10-4 in 100ys) A Quantity (1072 t)

Fig. 3. Results of the GWP based on the amount of fuel used in the transportation
of perishable food.

One intrinsic part of a globalized food order has to do with market segmentation
and with the corresponding consumer reaction [15]. It is also related to a growing
understanding that the properties of food are ‘natural’ properties and that the hetero-
geneity of farm environments improves the aspects of the various foods. Therefore,
there is a potential for logistical optimization in ‘local food” chains. Such chains are
newer than long and already established chains, and the logistics experience is being
built-up lately. Those local-food chains have room for improvement, which could
significantly improve the performance in terms of distribution and reaching their con-
sumers [10].

Based on data analysis, ‘local food’ is a sustainable way of buying food since it
implies social sustainability and it places small farmers in the market and boosts the
municipality's economy and incorporates environmental sustainability. Transportation



in trucks, energy consumption, and GHG emissions are also reduced. However, if the
logistics of such transport are not well planned, this energy consumption can increase
and threaten the carbon reduction policy in the environment. Regarding those aspects,
such a form of acquisition is still the most socially and environmentally sustainable.

5 Final Remarks

Based on the present data analysis, ‘local food” seems a sustainable way of acquiring
food since it implies social sustainability since it places small farmers in the market
and boosts the municipality's economy and in environmental sustainability. Reduce
the transportation of trucks, energy consumption, and GHG emissions are also
reduced. However, if the logistics of such transport are not well planned, this energy
consumption can increase and threaten the carbon reduction policy in the environ-
ment. Such a form of acquisition is still the most socially and environmentally sus-
tainable.

Potential strategies to develop a ‘local food” system include promotional programs
focused on local consumers, institutional purchasing programs that create direct links
between local growers and local institutions, low-interest small loan programs for
small or family farmers. Establishing a cost-share program may also help farmers
transition to ‘local food” production. Other important step includes increased food
processing capacity in areas close to the consumption center that would amplify the
local and regional market access.
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