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 The current study presents an estimated environmental impact of CO2 emissions in the cargo transport process 
in the road modal, as part of the logistics chain for the distribution of horticultural items, highlighting the 
production of tomatoes (Solanum lycopersicum), lettuce (Lactuca sativa), peppers (Capsicum annuum) and 
cucumbers (Cucumis sativus), from production centers in several Brazilian states to a food distribution center in 
Teresina, Northeast Brazil. In the next step, we added fresh vegetables purchased by an urban hospital at the 
distribution center to analyze the city’s food distribution system’s environmental impact. The data used were 
obtained at the distribution center Nova Ceasa and at an urban hospital to complete the last stage of the food 
distribution, corresponding to 2019. The Global Warming Potential (GWP) impact values correlated with 
horticulture production were recovered from the literature related to open-field vegetable crops under similar 
agricultural conditions. We computed the quantity of vegetables produced on-field, the distances traveled, the 
on-road transportation fuel, and the environmental impact using the GWP calculator. The study found a wide 
range of GWP values. From the studies and analyzes, the results indicated that the impact of GWP is greater in 
the production phase in the field, followed by urban transport except for fresh tomatoes. The tomato results 
showed greater environmental impact in the transport of more distant products and smaller quantities. Results 
suggest that crop production and the long traveled distances are the main factors in the environmental impact. 
We also concluded that the greater the amount of product transported in a trip, the lower the environmental 
impact. 
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INTRODUCTION 

In the last decade, consumers’ demand for sustainable food 
has increased, and farmers and other actors of the agri-food 
supply chains need to understand where the environmental 
impacts come from and how to deal with them to improve 
production systems and distribution (Gunady et al., 2012). In 
recent years, several studies aimed to assess the 
environmental impact of agri-food production (Martin-Gorriz 
et al., 2020; Romero-Gámez et al., 2014; Venkat, 2012), mainly 
using life cycle assessment (LCA). 

Food Distribution and Logistics 

Both centralization and specialization in food production 
occur on a global scale, fueled by the economy of comparative 
advantage. Geographical distances between food producers 
and consumers are continually increasing. The agri-food 
system’s globalization has established that food is transported 
long distances before reaching the consumer (Singh et al., 

2015). It is estimated that each food item distances itself from 
consumer products today by 50% more than in the 1980s 
(Raven and Lang, 1995; Strome et al., 2016). 

The transport and marketing of fresh horticulture products 
are complex and risky operations due to the products’ 
perishable nature, seasonal production, and volume. The 
producer-to-consumer price spectrum, which results from the 
demand and supply of transactions between various 
intermediaries at different levels in the marketing system, is 
also unique to vegetables. Besides, marketing agreements at 
different stages also play an essential role in price levels at 
various stages, from the farm gate to the end-user. These 
resources make the fruit and vegetable marketing system 
different from other agricultural products, mainly in time, 
shape, and space utilities, in Brazil and other countries (Rais 
and Sheoran, 2015). 

The globalization of the economy and the market’s 
opening have caused changes and transformations in the 
world and Brazilian markets, making them more competitive 
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and demanding. The advances and popularization of 
technology, the increase in competitiveness, and consumers’ 
organized movement have marked the business management 
process’s consequences. In response to this scenario, 
companies have been rethinking and modifying their 
management models to rationalize resources and maximize 
operational efficiency. For some branches of activity, logistics, 
quality management, and supply chain management present 
themselves as essential elements for the survival and 
improvement of companies’ performance in a complex market. 
According to Wilmers (2011), global competition has been 
transforming the quality and supply chain management 
function from a support activity to an essential skill situation 
in which a company is viewed globally. 

The management of the supply chain becomes imperative 
in searching for management efficiency and effectiveness, 
especially regarding perishable foods, given the scope and 
complexity of dealing with this product. There is a substantial 
increase in obstacles in the phase of distribution due to 
difficulties in ensuring product quality, in addition to this the 
need to maintain logistical costs and levels that enable greater 
quality control, especially in Northeast Brazil, with high 
temperatures throughout the year, which requires a mode of 
transport capable of preserving the quality of food and 
avoiding increased costs and waste. Kumar (2014) describes 
the risk in the supply chain, reporting how important it is to 
identify critical levels of risk to act and know how to manage 
it, considering the probability of interrupting the flow. Reis et 
al. (2016), referring to the commercialization of a particular 
product, highlights that farmers need to identify ways to 
commercialize their products at prices that bring profitability, 
even with logistical restrictions that may increase marketing 
costs. In this sense, the distribution channel’s performance 
presents itself as a differential factor, enabling greater market 
competitiveness. Sehnem et al. (2015) point out that a 
traditional supply chain’s effectiveness is measured based on 
its total cost and profitability, disregarding the impacts that 
the operations may cause to the environment. More emphasis 
should be on studies on the choice and strategies to reduce the 
on-road transport modal impact.  

Environmental Impact 

Transport is the logistical activity with an essential role 
within the supply chain as it enables sectors of the economy 
and the use of trucks to transport cargo can provide, in several 
situations, greater flexibility in the operations of distributing 
products and inputs in a more agile way, as it manages to cover 
almost all Brazilian regions. However, when it comes to the 
environmental issue, the transport operation deserves 
attention for its broad externalities, mainly as it is one of the 
most significant sources of polluting gases, especially CO2. 
Data from the Brazilian Ministry of Mines and Energy (Welle, 
2018) indicate that in 2017 the total anthropogenic emissions 
associated with the Brazilian energy matrix reached a volume 
of 435.8 million tons of carbon dioxide equivalent (Mt CO2-eq), 
most of which (199.7 Mt CO2-eq) was generated in the 
transport sector. 

Global warming potential (GWP) is an index (GHG, 2011) 
that measures how much heat a greenhouse gas retains in the 
atmosphere up to a specific time horizon concerning carbon 

dioxide emissions, and which uses the CO2 value of 1. The 
Intergovernmental Panel report on Climate Change (IPCC, 
2014) considers that greenhouse gas (GHG) emissions should 
be reduced within the 40-70% range by 2050 from 2010 levels 
to avoid a temperature rise greater than 2 °C global average. 
Investigating the impact of GWP on food transport in Brazil, 
Duarte et al. (2019) indicate that the greater the amount of 
product transported by a trip, the lower the long-term 
environmental impact. As the production centers are very 
distant from the distribution center, in the case of the products 
studied in this research (tomatoes, lettuce, peppers, and 
cucumbers), the transport method used was the road, in many 
route options, which limits optimization strategies logistics 
for the transportation of these foods aiming at lower emission 
of polluting gases. The road transport sector handles about 
60% of all freight in Brazil (Welle, 2018). Diesel road trucks 
travel huge distances from the farms to the food distribution 
centers in metropolitan areas, with the undeniable 
contribution of cargo transportation to Brazilian food 
distribution usually located in metropolitan areas. 

However, to mitigate greenhouse gas emissions, 
companies must adopt strategies to use this transport modal 
better. Transport companies must seek improvement and 
optimization of their routes that include shorter distances 
between the origin and the destination point; make use of 
electric vehicles; opt for new energy sources to replace fossil 
fuels (diesel) in the energy use matrix, which will undoubtedly 
contribute to the reduction of CO2 emissions, and 
consequently, less aggression to the environment. Dias (2011) 
infers that environmental management improves a company’s 
performance, allowing it to enter more demanding markets in 
ecological, environmental, and sustainability aspects and 
improve the public image. 

In the quest to reduce the environmental impact, a ‘local 
food’ chain can be an alternative. Fornazier et al. (2015) 
indicate that the ‘local food’ system can be understood on the 
economic side as inducing cost reduction; on the sociological-
rural side, it strengthens social ties and greater proximity of 
information between producers and, on the environmental 
side, the consumption of less energy in transport and 
reduction of GHG emissions. However, it is still a challenge in 
continental countries such as Brazil (Duarte et al., 2019). 

Paper Outline 

The present study aimed to estimate the environmental 
impact on CO2 emissions in the freight transport process in the 
road modal, as part of the logistics chain for the distribution of 
some horticultural items, highlighting the production of 
tomatoes (Solanum lycopersicum), lettuce (Lactuca sativa), bell 
peppers (Capsicum annuum), and cucumbers (Cucumis sativus), 
production centers in several Brazilian states to a distribution 
center in Teresina, Piauí State, Northeast Brazil. In the next 
step, we added fresh vegetables bought from a hospital in the 
distribution center to analyze the city’s food distribution 
system’s environmental impact. We state the methods used in 
the research and the data recording and analysis. We show the 
environmental impact of fresh vegetables from the production 
farms to the distribution center in Teresina, Brazil, and further 
from the distribution center to a hospital in the urban area. 
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RESEARCH QUESTIONS, MODEL AND 
METHODS 

Research Questions and Model 

The two research questions in the present study are: 

• What is the GWP impact of vegetable products (tomato, 
bell pepper, and cucumber) from the farm to the 
distribution center in Teresina, Brazil?  

• Does the food delivery from the distribution center to a 
local urban hospital substantially decrease the 
environmental impact?  

Figure 1 shows the investigation model we use to respond 
to these questions. 

Methods 

GWP values correlated to the horticulture production were 
retrieved from the current literature related to open-field 
vegetable crops (Table 1). Fresh vegetable on-field production 
processes usually include the energy equivalent values from 
the farm inputs (chemicals, fertilizers, inputs from irrigation, 
and machinery for cultivation, harvesting, processing, and 
refrigeration). GWP assessment output, expressed in CO2 
equivalent, contains nitrogen emitted from fertilized soils and 
other GHG emissions from crops (Clune et al., 2017). We 
searched for data on open-field conventional vegetable crops 

 
T1=transport from farm to the distribution center; Q1=quantity of products transported during T1 

T2= transport from the distribution center to the urban hospital; Q2=quantity of products transported during T2 

Figure 1. Research model and system boundaries with the steps taken from data recording on farms to the food distribution 
center and the transport from the distribution center to an urban hospital 

Table 1. Values of the GWP (kg CO2-eq/kg product) data from the studied vegetable production in open-field crops 
Authors Tomato Lettuce Bell pepper Cucumber 

Nemecek et al. (2012) - - 0.200 - 
Venkat (2012) - 0.192 - - 

Romero-Gámezet al (2014) - 0.026 - - 
Theurl et al. (2014) - 0.025 - - 
Stajnko et al. (2016) 0.162 - - - 
Clune et al. (2017) 0.460 0.380 0.520 0.330 

Pishgar-Komleh et al. (2017) 0.340 - - - 
Ali et al. (2019) - - - 0.017 

Pineda et al. (2020) 0.542 - - - 
Martin-Gorriz et al. (2020) - 0.095 - - 

Nicholson et al. (2020) - 0.023 - - 
Average values 0.376 0.1235 0.360 0.1735 
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using the optimal recommended amount of N fertilizer applied 
and minimal pesticide use. We found a wide range of GWP 
values in the literature for vegetable crops under similar 
agricultural conditions. For instance, GWP for lettuce ranged 
from 0.095 (Martin-Gorriz et al., 2020) to 0.380kg CO2 eq 
(Clune et al., 2017). For estimating the GWP (kg CO2-eq/kg 
product), we used the average values. 

We acquired data from the distribution center (Nova Ceasa, 
Teresina, 5° 5’ 20” S, 42° 48’ 7” W, and 72 m altitude, Brazil) 
from January to December 2019 of four fresh vegetables, 
tomato, lettuce, bell pepper, and cucumber. Those vegetables 
were selected as there was a complete record of them 
transported from production areas without being mixed with 
other products. These products were brought from different 
regions of the country. We selected the data from open-field 
production of vegetables transported using on-road transport 
employing cargo trucks from the production centers to the 
distribution center (Nova Ceasa) in Teresina (Figure 2). 

A diesel pickup was used to transport the distribution 
center to the urban hospital. It had an average fuel 
consumption in the urban area of 6.5 km/L and covered a 
distance of 32.6 km, on average, nine times/month, in a round 
trip. Table 2 shows the average quantities of products and 
distances traveled from the farms where the vegetables are 
produced to the distribution center and from the center to the 
urban hospital. The food was transported from the production 
regions in trucks with a capacity of 8 t, with an average 
consumption of 10 L of diesel oil, and the GWP was calculated 

using the online calculator (CFC, 2018). The online calculator 
allows the user to enter the distance traveled and the average 
fuel consumption, and the result is the amount of t CO2-
eq/year, which is the GWP in 100 years. Transport distances 
were estimated, and CO2 emissions were calculated using the 
online calculator (CFC, 2018). 

RESULTS AND DISCUSSION 

Table 3 shows the details of the products, the distances 
from which they see the products (region of production), the 
quantity of the product, and the calculated GWP. The 

 
Figure 2. Schematic view of the two transportation routes, from farms to distribution center, and from the distribution center to 
the urban hospital 

Table 2. Products, mean quantity of the products (Q1 and Q2, 
t), mean distance traveled from the farms to the distribution 
center (T1, km), and mean distance from the distribution 
center to the urban hospital (T2, km) 

Product Q1 (t) T1 (km) Q2 (t) T2 (km) 
Tomato 647.8 41623.7 0.81 

3520.0 
Lettuce 651.0 26259.1 0.45 

Bell pepper 145.1 4629.0 0.27 
Cucumber 115.2 3267.1 0.21 

Q1= mean quantity of product transported from the production area to 
the distribution center (t); T1= mean distance from the farms to the 
distribution center; Q2= mean quantity of product transported from 
the distribution center to the urban hospital (t); T2= mean distance 
from the distribution center to the urban hospital (km). All values refer 
to products transported during 2019. 
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calculated values are added to forecast the total GWP (t in 100 
years) for each studied vegetable. The total GWP represents 
the environmental impact of crop production and 
transportation, both interstate and urban shipments. 

 

Using the calculated data, we developed a graph to show 
the GWP percentage in each chain segment (Figure 3). In all 
studied products, the environmental impact is higher during 
the production stage, followed by the transportation inside the 
metropolitan area. Since the volume of vegetables transported 
was quite large in tomatoes and lettuce, there was a GWP 
dilution by the product amount. However, in the metropolitan 
area, the scope changed, and the small amount transported 
presented a more considerable impact. The volume and 
distance of distribution of vegetables transported from the 
farm and from the distribution center to the consumer are 
directly related to the GWP increase. The smaller the volume 
of vegetables and the greater the distance, the higher is GWP 
in distribution. However, the total GWP depends on the 
characteristics of the production phase of each crop. Usually, 
the amount of energy equivalent input in the open-field soil-
preparation, irrigation and fertilization, and harvesting 
management is related to fuel in equipment operations. In 
these stages, the fuel used in agricultural vehicles and tools for 
cultivation (sprayer, rotary cultivator, and plow) and crop 
management differ depending on the soil and region weather. 

Looking at GWP values of the vegetable production phase, 
we can observe an increase in the total GWT, mainly for bell 
pepper and tomato (Table 3), as these crops required more 
intensive energy input. 

The result found in the present study indicates that GWP 
impact is higher in the on-field production stage (Maraseni et 
al., 2010), as it involves all phases of crop production, followed 
by the values of urban transportation. The bell pepper was the 
vegetable whose GWP value in crop production is much higher 

than the transport environmental impact, followed by the 
tomato, cucumber, and lettuce. Lettuce was the vegetable with 
the highest GWP during the interstate on-road transportation 
than the other studied vegetables (tomato, bell pepper, and 
cucumber). The tomatoes’ results agree with Duarte et al. 
(2019), who noticed values of greater environmental impact in 
transporting more distant products in smaller quantities. 
Different production scales can influence the environmental 
impact at the local, regional or global level (Morrow et al., 
2010). Gunady et al. (2012) observed that the on-farm stage of 
lettuces production emitted approximately 13% of the total 
GHG emissions. In the present study, we estimate the value in 
45%, representing a variation of 32% in total, and the potential 
difference is due to the crop production scale and the wide 
variety of agricultural practices. 

On the other hand, Foteinis and Chatzisymeon (2016) 
found a total contribution to environmental impacts of 42.7% 
in conventional lettuce cultivation systems, agreeing with the 
present research’s value. In a systematic review, Clune et al. 
(2017) stated average and standard deviation values of the 

 
Figure 3. Global warming potential (GWP, %) of the product’s stages - from the production farms (cradle) to the urban hospital 
(fork) in Teresina, Brazil 

Table 3. Details of open-field crops products (tomatoes, 
lettuce, bell peppers, and cucumbers), mean quantity, mean 
distance transported, from the distribution center to urban 
hospital, and total GWP (t in 100 years) 

Product 
Open-field 

production (kg CO2-
eq/kg product *) 

GWP 
from T1 

GWP 
from T2 

Total 
GWP (t in 
100 years) 

Tomato 0.376 0.110 0.08 0.578 
Lettuce 0.124 0.070 0.08 0.274 

Bell pepper 0.360 0.010 0.08 0.450 
Cucumber 0.174 0.008 0.09 0.272 

Obs. The values refer to the total product transportation during the 
year of the study (2019); * Mean value from references in Table 1; Total 
GWP represents the GWP from production and transportation (T1 and 
T2) 
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same scale for field-grown fresh vegetables (0.37 ± 0.39 CO2 
eq/kg). Such a variation is expected, considering the broad 
flexibility in farming techniques, implicating differences in 
GWP values. 

In our results for the fresh tomato, the GWP percentage on 
the farm was 67%, while Pineda et al. (2020) suggest 62%. 
Stajnko et al. (2016) found the GWP in tomato production 
varying from 16 to 47% depending on the production system. 
However, the authors imply that the overall environmental 
impact is mostly related to transportation rather than on-farm 
production. In the current study, we might infer that this 
assumption does not apply to our results since we found the 
highest value of GWP directly related to fresh tomatoes’ on-
field production.  

The bell pepper and cucumber results indicate that the on-
farm conventional production retains the most considerable 
impact (80 and 64%, respectively). Since, in our case, the 
production is situated near the metropolitan area, a large 
amount of the product transported does not represent a large 
environmental impact. However, it appears a significant 
impact when small amounts are transported within the urban 
area. Nemecek et al. (2012) found substantial variability in 
GWP of worldwide crop production using a modular 
extrapolation approach, including bell pepper, and the 
variation is attributed to the most different agricultural 
systems adopted by various countries. Our results in the 
environmental impact on-field production of cucumber (64%) 
differ from those of Ali et al. (2019), who found GWP values 
ranging from 17 to 20% depending on the farm size and 
agriculture crop system. Again, we understand the 
discrepancies’ origin due to the differences in the farming 
processes and management (Clune et al., 2017). 

It is worth mentioning that to improve the use of trucks to 
transport cargo, logistical activity with an essential role within 
the supply chain, it is essential to move forward in 
implementing strategies and tools that preserve the continuity 
of wealth generation for the country, but that hurt nature less. 

CONCLUSIONS 

We calculated the GWP impact of vegetable products 
(tomato, bell pepper, and cucumber) from the farm to the 
distribution center in Teresina, Brazil. The results indicated 
that the transport distance implies a greater environmental 
impact, being proportional to the transported load.  

The food delivery from the distribution center to the urban 
hospital did not impact as much when compared to the GWP 
values recorded from the production farms to the distribution 
center. We recommend studies, tests, and practices that can 
also contribute to this process, such as drawing strategic 
routes, which include shorter distances between the origin and 
the destination point; use of electric vehicles; option for new 
sources of renewable energy for on-road cargo transportation 
in substitution for diesel oil, a fossil fuel generally used in 
Brazilian road transportation. Besides, seek to prioritize local 
production strategies, except for those situations in which 
there is no positive impact on the emission of gases that harm 
the environment. 
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