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Abstract: The quantification of food losses and waste (FLW) has become a research hotspot in the
last decade, but little work has been done to have food waste data in Latin American countries. This
paper contributes to addressing this knowledge gap by examining the magnitude of FLW along the
whole food supply chain (FSC) in Peru. The methodological approach was based on the top-down
mass flow analysis at all steps of the FSC for the 2007-2017 period (most recently available data),
including different food commodity groups (CGs), such as cereals, roots and tubers, oil seeds and
pulses, fruits, vegetables, meat, fish and seafood, and milk. Results show an annual average of FLW
of 12.8 million tonnes, which represents 47.76% of the national food supply. Regarding per capita
quantities, the average amount of FLW was 426.56 kg per year when considering the entire FSC, and
67.34 kg per year when considering only the consumption step. This study suggests which steps of
the FSC and CGs are the most promising targets for FLW reduction strategies in Peru.

Keywords: food security; waste management; food commodities; food policy; waste valorization;
Latin America

1. Introduction

The last decade has witnessed a rapidly growing number of studies on the quantifi-
cation of food loss and waste (FLW) in various regions around the globe. This trend is
due to FLW importance in achieving food and nutrition security [1-3], to help tackle food
poverty [4], and to improve the environmental footprint of countries [5,6]. There is now
a broad consensus on two key issues that need to be addressed: the need for research to
focus on generating more data on the amount of FLW outside the current focus area (U.S.
and Europe) [7,8], and the need to fully capture estimates of FLW along the complete food
supply chain (FSC) [9]. Accordingly, this research aims to contribute to the current scientific
literature on FLW in Latin America by calculating the distribution of FLW along the FSC in
Peru.

So far, little work has been done to have FLW data in Latin American countries,
even though hunger is still present [10] and the diet intake quality of crucial food groups
commonly related to chronic diseases is deficient [11,12]. Part of this knowledge comes
from a study that used aggregated data for 2007 to investigate the per capita quantity
of FLW generated in the region, resulting in around 225 kg [13]. Another type of study
conducted interviews and surveys with different stakeholders to measure the quantity of
food wasted during the early and middle stages of the FSC—as in the case of beans and
maize value chains in Guatemala and Honduras [14], potato value chains in Ecuador and
Peru [14,15], or tomato value chain in Colombia [16]. Surveys also were used to study
household food waste, as in Uruguay [17].

On the one hand, estimating FLW for individual products at different stages of the
value chain can help identify better strategies for implementing food waste management
policies [18]. However, quantifying FLW is quite complicated due to technical challenges
and the lack of a precise quantification methods, mainly if the wide variety of agricultural
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products is considered. For instance, collecting primary data (e.g., based on survey re-
sponses, manual collection methods, using mobile apps or digital images) is faster at the
domestic and foodservice levels than at the production level and can be very costly in time
and money [19].

On the other hand, policy decisions related to FLW reduction depend on where in
the FSC most food is lost or wasted. Therefore, it is becoming increasingly crucial for the
national statistical systems to embrace food loss data along the FSC, as emphasized in
FAQO'’s SOFA (the State of Food and Agriculture) [10]. Past experiences of FLW accounting
and food supply chains in the European Union have shown that the studies based on
different methodological approaches and data sources limit the possibility of comparing
results between countries within the region [20].

In the case of Latin America, however, only one study has reported the total FLW
generated throughout the whole FSC from the Brazilian case [21]. Replicating this method-
ological approach to estimate how much food is lost and wasted in the region could
allow us to make comparisons between countries. Thus, it serves as the basis for the FLW
quantification in Peru.

Peru is among the countries the UN classifies as both a “developing” and an “upper
middle income” country [22], and it recently has implemented a new law (Law N° 30988)
to reduce FLW at all stages of the FSC [23]. Although the magnitude of FLW generated in
the country still needs to be addressed, several studies conducted in Peru contribute to an
understanding of reasons for food waste generation, considering that FLW in the so-called
developing countries is influenced by urbanization and the contraction of the agricultural
sector, dietary transition and the increased globalization of trade [2].

Drivers for food waste generation in Peru can be associated with the following:
climatic conditions in highlands [15]; the immense diversity of supply channels in formal
and informal food chains, such as dairy [24], and grain supply chain [25]; the lack of cold
chain logistics in the fisheries and freshwater aquaculture [26,27]; the impact of rural road
connectivity on farming activities [28]; the unequal relations between food stakeholders or
market inconsistency due to quality requirements [29]; and others.

Because of all this, the present study is one of the first to address the problem of FLW
generation in Peru. This research is imperative because quantifying the magnitude of
FLW that targets different stages of the supply chain is crucial to support food security
policies and enables setting baselines to measure change over time. A famous adage says,
“you cannot manage what cannot be measured”. Consistent with this, the following key
research questions are explored: How much food is lost and wasted in Peru, and how is it
distributed in FSC? What food groups are lost and wasted most in Peru? How much food
is lost and wasted in Peru? How much FLW is generated at the consumer level, and what
is the per capita amount of FLW in Peru?

2. Materials and Methods
2.1. Research Scope

Definitions of “food loss” and “food waste” are not universal, which has been ex-
tensively discussed by Chaboud and Daviron [30]. The distinction between both terms is
because the stakeholders involved in the FSC. Food losses occur at production, post-harvest,
and processing steps. This refers to the decrease in the quantity or quality of food resulting
from food suppliers’ decisions and actions in the chain. Instead, food waste decreases
the quantity or quality of food at the end of the food chain, resulting from decisions and
actions by retailers, food services, and consumers [2,10,13]. For this study, however, the
masses of food lost and wasted are analyzed together because the purpose of this paper is
not to identify the causes of FLW definitively; instead, it is to determine the total quantity
of FLW along the FSC.

Because the national supply of food is analyzed, it is essential to consider the interna-
tional food trade flows to quantify food availability variations at every step of the Peruvian
FSC. Thus, the estimation of FLW was based on the top-down mass flow analysis, following
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Dal’ Magro and Talamini’s methodological approach [21]. They used this methodology to
estimate the magnitude of the FLW in the Brazilian FSC, in the same line as Oelofse and
Nahman [31]. They calculated the quantity of FLW in the FSC in South Africa.

Mass flow analysis is based on the law of the conservation of matter. It has become an
important tool in waste management because it allows comparing all inputs, stocks, and
outputs of a process [32]. Adelodun and Choi [33] recently used the same methodological
approach to study food waste along the supply chain in Korea.

2.2. Data

The Peruvian-specific data, including domestic food production, food trade (import
and export food quantity), and stock variation, were obtained from FAO Food Balance
Sheets [34]. Given that Peru’s latest accessible data is dated from 2007 until 2017, the status
of FLW over eleven years was examined. These data are summarized in Supplementary
Table S1. FAO Food Balance Sheets have been used to quantify FLW in many investigational
studies, among them the most highly cited studies on FLW to date: Gustavsson et al. [13]
and Kummu et al. [35].

On this basis, the FSC was divided into five steps, including (i) agricultural production,
(ii) post-harvest handling and storage, (iii) processing and packaging, (iv) distribution,
and (v) consumption at the household level. On the same basis, the following seven food
commodity groups (CGs) were considered: (i) cereals, (ii) roots and tubers, (iii) oil seeds
and pulses, (iv) fruits and vegetables, (v) meat, (vi) fish and seafood, and (vii) milk. Food
crop products in each CG are in the Supplementary Table S2. Only pulses were considered
for the CG oil seeds and pulses due to the lack of complete oil seeds data.

2.3. Estimation of FLW

Figure 1 shows the variables used to calculate the amounts of mass in each step of the
FSC, from agricultural production to consumption.

s

=Food supply chain

() =Variables used at each step of the food supply chain
Domestic supply quantity = Qp+ Qs+ Qr—Qer

Figure 1. Variables at each step of the food supply chain (FSC). Source: own work based on Dal’ Magro and Talamini [21].

The agricultural production step is represented by the quantity of food production,
which is summed up to the quantity of food in stock at the post-harvest handling and
storage step. The import quantity is inserted at the processing and packaging step because
part of the imported foods enters the processing step. The domestic supply of food in
Peru is represented by the distribution and consumption at household level steps. For this
reason, the export quantity variable was excluded from the count. The data representing the
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domestic supply of food from 2007 to 2017 by CG in Peru are presented in Supplementary
Table S3. The average quantities over this period were also considered in the analysis.

With these variables, the FLW was quantified at each step of the FSC, as shown in
Figure 2.

QFA

FLW
total

Food supply chain

AP = Agricultural production; PHS = Postharvest handling & storage; PP = Processing & packaging; D = Distribution;
CHL = Consumption at household level; Q, = Stock variation; Qg = Import quantity; Qg = Export quantity; QFA = Quantity
of food available for consumption.

Quantity of food (tonnes) entering each step of the FSC:

Qp =Production quantity

Qup =Qp — percentage of FLW for each commodity group at that step (AP)

Qpus: = (Qap: T Q) — percentage of FLW for each commodity group at that step (PHS)

Qpp = (Qpus: T Q. + Q) — percentage of FLW for each commodity group at that step (PP)
Qp = (Qpp — Qgr) — percentage of FLW for each commodity group at that step (D)

QFA = Qp- — percentage of FLW for each commodity group at that step (CHL)

Figure 2. Food loss and waste (FLW) in each step of the food supply chain (FSC). Source: own work based on Dal’ Magro
and Talamini [21].

The percentages of FLW per mass of food that enter each step of the FSC, by CG, are
given in Supplementary Table S4. These correspond to the coefficients of FLW for Latin
American countries, following Gustavsson et al. estimates [13]. The same percentages were
considered for all analyzed years. Thus, the FLW calculated at each step of the FSC was
subtracted from the previous step’s accumulated food quantity. After quantifying FLW for
each step of the FSC, the conversion factors were applied to determine the edible mass. The
waste percentages and the conversion factors calculated by Gustavsson et al. [13] have also
been used in other studies on FLW (see Oelofse and Nahman [31]; Adelodun and Choi [33];
Reutter et al. [36]).

3. Results and Discussion
3.1. How Much Food Is Lost and Wasted in Peru, and How Is It Distributed in FSC?

The detailed quantity of FLW per year at each step of the Peruvian FSC is presented in
Supplementary Table S4. Table 1 summarizes key results for the period analyzed.
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Table 1. Calculated food loss and waste by commodity groups (CGs).
(a) Calculated average food loss and waste in different CGs for Peru (2007).
Production average of FLW for the year (1000 tonnes and %)
CGs - :
Agricultural production Postharvest handling and Processing and packaging Distribution Pre-consumer FLW Consumption Total FLW per commodity
storage group
Cereals 196.86 7.11 131.2 6.73 300.42 9.98 262.76 18.86 891.24 9.77 656.90 40.39 1548.14 14.40
R‘t’ﬁltfei:d 702.1 25.34 702.1 36.04 610.32 20.27 152.49 10.94 2167.01 23.75 20332 12.50 2370.33 22.05
Pulses
(only) 26.22 0.95 12.9 0.66 53.04 1.76 11.98 0.86 104.14 1.14 11.98 0.74 116.12 1.08
Fruits and 1320.8 47.67 660.4 33.90 1339 44.46 715.2 51.33 4035.4 44.23 596.00 36.64 4631.40 43.08
vegetables
Meat 59.625 2.15 12.375 0.64 57.15 1.90 57.05 4.09 186.2 2.04 68.46 4.21 254.66 2.37
Fish and
seafood 413.136 14.91 340.5 17.48 618.21 20.53 70.1 5.03 1441.946 15.80 28.04 1.72 1469.99 13.67
Milk 51.73 1.87 88.68 4.55 33.28 1.11 123.76 8.88 297.45 3.26 61.88 3.80 359.33 3.34
FLW total 2770.47 100.00 1948.16 100.00 3011.42 100.00 1393.34 100.00 9123.386 100.00 1626.58 100.00 10,749.97 100.00
(b) Calculated average food loss and waste in different CGs for Peru (2017).
Production average of FLW for the year (1000 tonnes and %)
CGs - :
Agricultural production Postharvest handling and Processing and packaging Distribution Pre-consumer FLW Consumption Total FLW per commodity
storage group
Cereals 303.78 8.52 209.16 8.36 522.00 13.09 455.24 23.58 1490.18 12.43 1138.10 46.99 2628.28 18.24
Roots and
tubers 910.70 25.55 910.70 36.39 787.20 19.75 196.14 10.16 2804.74 23.40 261.52 10.80 3066.26 21.28
Pulses
(only) 75.66 212 38.31 1.53 139.44 3.50 33.14 1.72 286.55 2.39 33.14 1.37 319.69 2.22
Fruits and
1860.00 52.18 930.00 37.16 1891.20 47.44 915.96 47.44 5597.16 46.70 763.30 31.51 6360.46 44.15
vegetables
Meat 100.44 2.82 20.85 0.83 98.55 247 98.40 5.10 318.23 2.66 118.08 4.88 436.31 3.03
Fish and
seafood 242.65 6.81 271.30 10.84 506.16 12.70 79.60 4.12 1099.71 9.18 31.84 1.31 1131.55 7.85
Milk 71.23 2.00 122.10 4.88 41.88 2.03 152.32 7.89 387.53 3.23 76.16 3.14 463.69 3.22
FLW total 3564.45 100.00 2502.42 100.00 3986.43 100.00 1930.80 100.00 11,984.09 100.00 2422.14 100.00 14,406.23 100.00
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Table 1. Cont.

(c) Calculated average food loss and waste in different CGs for Peru (2007-2017).

Production average of FLW for the year (1000 tonnes and %)

CGs . .
Agricultural production Postharvest handling and Processing and packaging Distribution Pre-consumer FLW Consumption Total FLW per commodity
storage group
Cereals 261.51 8.03 175.02 7.69 395.06 11.15 344.19 2043 1175.78 10.93 860.46 42.65 2036.24 15.93
Roots and
tubers 832.10 25.55 832.10 36.56 724.34 20.44 180.77 10.73 2569.31 23.87 241.03 11.95 2810.34 21.99
Pulses
(only) 42.89 1.32 21.62 0.95 84.28 2.38 19.41 1.15 168.21 1.56 19.41 0.96 187.62 1.47
Fruits and
1625.40 49.90 812.70 35.71 1653.27 46.64 838.00 49.75 4929.38 45.80 698.34 34.61 5627.71 44.04
vegetables
Meat 8147 2.50 16.91 0.74 78.87 2.23 78.69 4.67 255.94 2.38 94.42 4.68 350.36 2.74
Fish and
seafood 351.12 10.78 310.16 13.63 568.95 16.05 7729 4.59 1307.52 12.15 30.92 1.53 1338.43 10.47
Milk 62.59 1.92 107.29 4.71 39.68 2.29 145.98 8.67 355.54 3.30 72.99 3.62 428.53 3.35

FLW total 3257.08 100.00 2275.80 100.00 3544.47 100.00 1684.33 100.00 10,761.67 100.00 2017.57 100.00 12,779.24 100.00
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The total amount of FLW across the entire FSC was 10.7 million tonnes during 2007
(Table 1a) and 14.4 million tonnes during 2017 (Table 1b). Similarly, the average amount
of FLW in the 2007-2017 period was 12.8 million tonnes per year, and the largest was
generated during the pre-consumption steps (10.8 million tonnes per year or 84.21%)
(Table 1c). This quantity accounted for 47.76% of the average value of the domestic food
supply (26,755,000 tonnes).

The Food Bank of Peru (Banco de Alimentos Pert) considers that 9 million tonnes of
food are wasted per year [37]. However, it is unknown whether food losses are considered
in the count and the accounting methodology applied. Similarly, results are hard to
compare since other scientific studies in Latin America focus only on specific steps of the
FSC. Only the Dal’ Magro and Talamini [21] study reported that the quantity of FLW in the
entire Brazilian FSC reached 82.12 million tonnes per year during 2007-2013. This equates
to 42% of its domestic food supply’s average value.

During the period 2007-2017, the total amount of FLW generated in Peru was
3.3 million tonnes in agricultural production, 2.3 million tonnes in post-harvest handling
and storage, 3.5 million tonnes in processing and packaging, 1.7 million tonnes in dis-
tribution, and 2 million tonnes in consumption. Figure 3a,b illustrates that in 2007 and
2007-2017, approximately 53% of total FLW corresponds to the agricultural production
(25%) and processing and packaging (28%) steps.

m Agricultural production = Agricultural production

¥ Postharvest handling and
storage

¥ Postharvest handling and
storage

Processing and packaging 13.18% Processing and Packaging

Distribution Distribution

= Consumption = Consumption

27.74%

(@) (b)

Figure 3. Percentages of food loss and waste (FLW) by step of the food supply chain (FSC), during (a) the year 2007 and

(b) the 2007-2017 period.

These findings are similar to those reported in previous studies from upper-middle-
income countries, such as South Africa [31] and Brazil [21]. In both countries, the largest
FLW estimate also occurred in the agricultural production and processing and packaging
steps. It was estimated at 26% and 27% for South Africa, respectively (during 2007). The
Brazilian case was estimated at 26% and 24%, respectively (during the 2007-2013 period).

According to Gustavsson et al. [13], FLW in the so-called developing countries are
associated with financial, managerial, and technical limitations in harvesting techniques,
storage, and cooling facilities in difficult climatic conditions, infrastructure, packaging, and
marketing systems. Various studies conducted in Peru can help to analyze the determinants
for food waste in Peru during agricultural production and processing and packaging steps.

They are related to the difficulties faced by farmers during production because of
unfavorable climatic conditions, pests, and diseases [14,15]; the market inconsistency and
product rejections by agri-food corporations due to quality requirements [29]; the immense
diversity of supply channels in formal and informal food chains [24,25]; the lack of cold
chain logistics in the agri-food and fisheries sectors [27]. Another determinant is that roads
are asymmetrically distributed across regions in Peru, which decreases market access for
producers and processors (for a complete discussion, please see Aguirre et al. [28] and
Martincus et al. [38]).
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The Peruvian FSC is shown in a Sankey diagram in Figure 4, which demonstrates
the mass quantities that comprise each step of the FSC and the FLW quantities calculated
for 2007-2017. The Sankey diagram was produced with the online tool SankeyMATIC
(http://sankeymatic.com/ (accessed on 3 December 2020)).

3.2. What Food Groups Are Lost and Wasted Most in Peru?

The detailed quantity of FLW per year of every CG is presented in the Supplementary
Table S4, and Table 1 summarizes key results for the period analyzed.

In general, it is observed that different dynamics dominate the FSC. In the first stages,
in agricultural production and post-harvest handling and storage, the larger quantities of
FLW comprise fruits and vegetables and roots and tubers. As for the group of fish and
seafood, these groups are the most wasted in the processing and packaging step. Later in
the supply chain, which is closer to the customer, in distribution and consumption steps,
the quantities of FLW are mainly composed of fruits and vegetables and cereals.

Table 1c shows that FLW of fruits and vegetables represents 44.04% of the total FLW,
being that an average of 5.6 million tonnes is generated every year. Figure 5a illustrates the
contribution of each CG to total FLW in Peru for the year 2007. The group of fruits and
vegetables, with roots and tubers, contributed 65.13% of the total FLW flow. The groups of
cereals and fish totaled 28.07%, and the group of pulses, meat, and milk represented 6.8%
of FLW in the FSC. The same analysis for the period 2007-2017 is illustrated in Figure 5b.
It is also highlighted that the groups of fruits and vegetables, together with roots and
tubers, accounted for 66.03% of the FLW flow. In comparison, the groups of cereals and
fish accounted for 26.41%, and the groups of pulses, meat, and milk accounted for 7.56%.

These results highlight the most wasted food groups; at the same time, Peru faces
nutritional problems. In Peru, only 1 out of 20 individuals consumes the recommended
amount of fruits and vegetables per day [39]. Kovalskys et al. [12] also reported that
the mean consumption of fruits, vegetables, grains, and fish in Peru is 117.8 g/day,
88.3 g/day, 14.7 g/day, and 28.9 g/day, respectively. However, considering the litera-
ture, these amounts are below the minimum requirement evidenced to decrease chronic
diseases’ relative risk (200 g/day of fruits and fish and seafood, 300 g/day of vegetables,
100 g/day of grains and beans).

The potato is probably the most lost or wasted tuber because it is one of Peru’s main
crops [40]. The studies conducted by Delgado et al. [14] and Velasco et al. [15] provide
valuable information about food losses on the potato value chain in Peru. Through surveys
among producers, intermediaries, and wholesalers, they found that the largest percentage
of losses take place at the production step and that the main reasons for losses are the
following: diseases, pest, rain, freeze (pre-harvest loss), bad harvest technique, and lack
of costly labor (for product left in the field), laborer damages at harvest, transport and
laborer damages at selection (post-harvest loss). Likewise, Tobin and Glenna [29] reported
that farmers in the Peruvian highlands commonly confront difficult conditions to harvest
good quality potatoes (such as hail and frost). Consequently, the products are subject to
rejections.

Although the primary source of animal protein for the Peruvian population is chicken
meat [41], government campaigns, such as the program “A Comer Pescado” (let us eat
fish), had a positive effect on the propensity to consume fish, which brings nutritional and
health benefits [42]. According to Loaiza et al. [43], species from the northern region exhibit
the highest long-chain polyunsaturated fatty acids concentrations necessary for a healthy
diet, followed by those from the center and southern regions. However, the FLW of fish
and seafood can be associated with the lack of cold chain logistics in the Peruvian fisheries
and freshwater aquaculture, reported by Avadi and Freon [26] and Freon et al. [27].
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Figure 4. Sankey diagram of the Peruvian food supply chain (FSC) (2007-2017). The Sankey diagram demonstrates the mass quantities that comprise each step of the FSC and the food
losses and waste (FLW) quantities calculated for the period. The FSC is divided into five steps: Agricultural Production (AP), Postharvest handling and storage (PHS), Processing and
packaging (PP), Distribution (D) and Consumption (C). There is a dominant flow direction left to right through different steps (nodes) across the FSC. Vertical lines show the seven

commodity groups (CGs), and the width of each link represents the magnitude of flows. Every node indicates where one flow ends and another starts, according to data from the

Supplementary Tables S1, S3 and S4. The last node represents the average amount of food consumed, and the average amount of FLW generated in the Peruvian FSC. Flows are expressed

in 1000 tonnes.
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Figure 5. Percentages of food loss and waste (FLW) by commodity group (CG), during (a) the year 2007 and (b) the

2007-2017 period

The less FLW of the milk group can be associated with the diversity of supply channels
in formal and informal markets. It has been demonstrated that informal food chains show
better profits per liter of milk than formal ones. Consequently, it allows smallholder farmers
in the Peruvian Andes to be involved in the dairy sector [24].

3.3. How Much FLW Is Generated at the Consumer Level, and What Is the Per Capita Amount of
FLW in Peru?

The detailed quantity of FLW per year generated in the consumption step is presented
in the Supplementary Table 54, and Table 1 summarizes key results for the period analyzed.

Table 1c shows that, on average, two million tonnes of FLW per year were generated in
the consumption step during the period analyzed. This amount equals 15.79% of the total
FLW throughout the entire FSC (Figure 3b) and represents 7.54% of the average domestic
food supply. The CGs that contributed the most considerable amounts to the FLW were
cereals (42.65%) and fruits and vegetables (34.61%).

A higher percentage (equal to 18%) was found by Dal’ Magro and Talamini [21] on
the consumption step in the Brazilian FSC during the 20072013 period. The difference can
be associated with food purchase patterns in Peru. It has been reported that households
frequently buy smaller quantities of food [44], which is related to the fact that 72% of
employment is generated informally across Peru [45].

Table 2 shows that the per capita amount of food waste by consumers in Peru was
57.41 kg in 2007 and 85.49 kg in 2017. On average, 67.34 kg of food was generated annually
during the period analyzed.

Gustavsson et al. [13] estimated for the year 2007 that the per capita food waste by con-
sumers in Latin America reaches a value of 25 kg/year, while this rises to 95-115 kg/year
in Europe and North America. The authors also reported that the sum of food loss and
food waste in Latin America rises to 225 kg/inhabitant.

Table 2 also shows that much more FLW was reported in the Peruvian case, which
indicates an amount equal to 379.41 kg/inhabitant during 2007, and 426.56 kg per inhabi-
tant/year during the period analyzed (that being 326.08 kg corresponding to the edible
portion of food). Therefore, it is suggested that Peru is probably among the Latin Ameri-
can countries with the highest level of FLW. This may be explained by the fact that Peru
is the fifth-largest country by population in Latin America and is considered an upper-
middle-income country, where the food industry accounts for almost 22% of the industrial
GDP [46]. Thus, trading standards, aesthetic requirements and regulations on food safety
in the production, handling, and distribution of foods can cause significant amounts of
FLW, as Koester et al. [7] discussed.
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Table 2. Estimates of total and per capita food loss and waste in Peru.
St . Food Loss and Waste Food Loss and Waste FLW Edible Proportion d FLW Edible Proportion
€ps n (1000 Tonnes) (kg/Inhabitant) (1000 Tonnes) (kg/Inhabitant)
the Food
Supply Total Total
Chain Total (2007) Total 2017)  (2007-2017 2007 2 2017 b 2007-2017°¢  Total (2007) Total (2017) (20072017 2007 2 2017 b 2007-2017 ©
Average) Average)

Agricultural =77 7 3564.45 3257.08 97.78 125.81 108.72 2133.26 2744.63 2507.95 75.29 85.33 83.71
production

Pﬁiﬁ‘;ﬁ‘r’f;t 1948.16 2502.42 2275.80 68.76 88.32 75.96 1500.08 1926.86 1752.37 52.94 59.90 58.49
Processing

and 3011.42 3986.43 3544.47 106.29 140.70 11831 2258.57 2989.82 2658.35 79.71 92.95 88.73
packaging

Distribution ~ 1393.34 1930.80 1684.33 49.18 68.15 56.22 1072.87 1486.72 1296.93 37.87 46.22 43.29

Consumption

at 1626.58 242214 2017.57 57.41 85.49 67.34 1252.47 1865.05 1553.53 441 57.98 51.85

household
level
FLW total  10,749.97 14,406.23 12,779.24 379.41 508.46 426.56 8217.25 11,013.08 9769.12 290.02 342.39 326.08

2 Population = 28,333,052; ® Population = 32,165,480;  Population mean = 29.959.103; 4 Edible proportion: 77% (agricultural production); 77% (postharvest handling); 75% (processing and packaging); 77%
(distribution mean); 77% (consumption at household level mean).
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Finally, Figure 6 summarizes the quantities of FLW concerning the domestic food
supply in Peru from 2007 to 2017.
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Figure 6. Representation of food loss and waste (FLW) concerning the domestic supply quantity (2007-2017).

3.4. Limitations and Insights for Future Studies

The authors recognize this research depends mostly on the available official data, and
the limitation lies precisely like data aggregation. Therefore, this limits a more in-depth
analysis, such as determining FLW per food crop instead of grouping them. Besides, the
estimates of FLW calculated by Gustavsson et al. [13] referring to Latin America were
considered to calculate FLW in Peru, but they might vary depending on the country. For
this reason, a central goal of future research should be to calculate proportions of FLW at
each step of the FSC, specifically for Peru. Given these limitations, this study provides a
preliminary evaluation of the food waste generation in Peruvian FSC.

When considering the FSC analysis, as in the present study, it becomes evident that
the determinants of food waste generation result from interconnected and diversified
causes. Therefore, there is still much analysis to identify them in Peru’s various food chains.
The findings presented here provide the first step toward a better understanding of the
magnitude of food waste in Peru. The results can help scientists and policy makers work
on food waste policy and food waste management, considering that the food chain actors,
including farmers, food manufacturers, processors, retailers, and consumers, have a role to
play in food waste prevention and reduction.

A vast amount of literature aims to reduce FLW, which could be used for develop-
ing strategies [47,48]. For instance, they are related to innovation in short food supply
chains [49] and short marketing circuits [50], valorization of food manufacturing waste [51],
intelligent food logistics [52] and supply chain planning [53]. Strategies to mitigate FLW
also need to consider the marketing infrastructure for farmers to easily reach buyers to sell
their surplus produce. Aguirre et al. [28] studied the impact of rural road connectivity on
farming activities and trade in Peru, and found that “for those districts in which producer
travel time from home to the district capital is less than 24 h, the farmer’s travel time
reduces by up to 3.1 h if the average road density district is increased by 1 km/km?”.

Peru is the world leader in various crops and is becoming an essential player in the
global food market. Therefore, the impact of trading standards, aesthetic requirements
and food safety regulations needs to be studied. Future studies also could focus on the
land and water footprints associated with food losses as done for other countries, such
as Brazil [54], Korea [33], and India [55]. This research line could focus on Peru’s export-
oriented supply chains considering, for instance, the Andean crops associated with rapid
land-use change [56] or horticultural export chains [57]. Finally, studying the differences in
FLW generation between Peruvian regions could help support local food security strategies.
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4. Conclusions

The current study shows how much food is lost and wasted along the FSC in Peru.
Data from 2007 to 2017 were analyzed, and the results show that, on average, Peru generates
12.8 million tonnes of FLW per year. This amount represents 47.76% of the national food
supply. On a per-capita basis, when considering the entire FSC, the quantity of FLW
is 426.56 kg per inhabitant/year (326.08 kg corresponding to the edible portion of food).
Nevertheless, when considering only the consumption step, the quantity of FLW is 67.34 Kg
per inhabitant/year. Accordingly, the results suggest thatin Latin America, Peru is probably
among the countries with the highest level of FLW because Gustavsson et al. [13] have
estimated that the per capita food waste by consumers in Latin America reaches a value of
25 kg/year, and the sum of food loss and food waste rises to 225 kg/inhabitant.

This study highlights which steps of the FSC and CGs are the most promising targets
for FLW reduction strategies in Peru. Thus, the agricultural production and processing
and packaging steps represent 53% of the average amount of FLW in the FSC. At the same
time, fruits and vegetables and roots and tubers groups are responsible for the highest
amount of FLW. These food groups account for 44% and 22% of the total, respectively. At
the consumption step, the food groups presenting the highest amount of FLW are cereals
(43%), fruits and vegetables (35%) and roots and tubers (12%).

This research has limitations that have been pointed out. Therefore, this paper pro-
vides a preliminary evaluation of the food waste generation in Peru and guidance to
researchers seeking to collect primary data on FLW or to ensure robust support for decision
making about FLW reduction. This paper also contributes to promoting knowledge of FLW
in Latin America.
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