
Large scale supply chain operations in 
the food industry

Cristián E. Cortés(a,c), Fernando Ordóñez(a,c), David Revillot-Narváez(b), 
Raúl Espinoza(a,c)

(a)Universidad de Chile
(b)Agrosuper

(c)Instituto Sistemas Complejos de Ingeniería

Webinar organized by

1September 1st, 2023



Outline

● Motivation
● Problem statement
● Modelling approach
● Solution strategy: Optimization models and packing heuristic
● Instances and results
● Interface
● Final remarks

2



Motivation

● Designing and operating a supply chain efficiently improves profit 
margin.

● In addition, increasing customer requirements of variability, 
speed and affordability are better meet (Chopra, 2003).

● In the food industry, where transport cost are significant (15% to 
30% of operational costs), this fact is crucial.

● Information systems help ensure necessary high-quality 
standards, including sustainability concerns and reduce waste 
from spoilage (Denof et al., 2018)

3



Motivation

● Some studies suggest that 40% of food waste is associated with 
inefficient supply chain operations (Parfitt et al., 2010).
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• We develop a model and 
algorithm to optimize the daily 
transportation of products 
nationwide for a relevant food 
producer in Chile (Agrosuper).

• In their problem, trips can visit 
multiple plants or demand 
points with specific constraints 
related to the transport of 
different products.



Motivation

● We consider stock at production plants of 
fresh and frozen products (chicken, pork, 
turkey, salmon, frozen vegetables) to meet 
a nationwide demand at large consumers 
and company’s distribution centers.

● The main objective is to meet demand for 
products at minimum transport cost.

● A second objective is to minimize empty 
transport capacity of the fleet used to 
meet demand (truck filling problem).
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Problem statement
● The company supplies over 50% of the Chilean 

market (chicken 56%, pork 53%, turkey 62%,) 
and produces 1.2 million tons of product a 
year. 

● A typical daily operation involves transporting 
about 2200 tons of more than 1000 different 
types of products from 7 production plants to 
about 30 distribution centers and 40 additional 
large clients using more than 120 different 
container trucks (25 tons).

● The resulting problem could be conceived as a 
multi-commodity two-echelon distribution 
problem, commonly found in applications to 
the supply chain of the fresh food industry 
(Flores and Villalobos 2018)
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Literature review

● This problem was recently formulated as a MIP by Archetti
et al. (2021), with the goal of minimizing the total 
transport cost from suppliers to customers.  The problem 
is decomposed in collection and delivery, and solve it 
through an Adaptive Large Neighborhood Search 
algorithm.

● Dellaert et al. (2021) studied the one-to-one pickup and 
delivery problem in a two-echelon distri- bution system. 
Several metaheuristics have been proposed lately to deal 
with two-echelon VRP schemes; in this sense, the best 
methods explored nowadays belong to the large 
neighborhood search type (Breunig et al., 2019).

● Exact algorithms for two-echelon VRPs are much less 
frequent in the literature (Baldacci et al., 2013).
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Modelling approach
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Modeling approach
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Inventory Transportation Problem
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Decision variables



Inventory Transportation Problem
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Decision variables (cont.)



Inventory Transportation Problem
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Decision variables (cont.)



Inventory Transportation Problem

13



Inventory Transportation Problem
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s.t.



Inventory Transportation Problem
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Inventory Transportation Problem
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Inventory Transportation Problem
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Inventory Transportation Problem
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Inventory Transportation Problem
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Inventory Transportation Problem
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Inventory Transportation Problem
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Inventory Transportation Problem
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Inventory Transportation Problem
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Truck filling problem
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● Given the trips associated with the fleet 
decided in the previous problem to 
satisfy the demand, the secondary 
objective is how to use the available 
space to maximize the profit.

● The decision is what products to carry 
on the available space of trucks with 
the objective of maximizing profit.

● We can fill up pallets with products and 
volumes identified by the distribution 
centers as potential products for filling 
trucks.

Example: total pallets per arc and family



• Inputs 
• Tarifs.xls
• Boxes-pallets.xls
• Family of products.xls
• Production cost.xls
• Selling price.xls
• Demand.xls
• Stock.xls
• Materials features.xls
• Nodes.xls
• Output models (aggregate loads)

• Outputs packing (Excel files)
• Indicators
• Truck filling file
• Routes
• Details
• SAP files
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Packing algorithm
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𝑧, 𝑧! , 𝑧", 𝑧# Create Pallets()
P1
P2

:

f1 f2 …We create empty pallets
per family of products (matrix)

LoadP[ · , · ]

Problem features

𝑥, 𝑥! , 𝑥", 𝑥#
Load Pallets()

xG -> Prodk -> Family(Prodk)=f

LoadP[ · , f ]

Prod Pallets(Bunch(xG),f)

- Load boxes of xG product in pallets 
associated with family f recursively

- Bunch of boxes are loaded in 
descendent order wrt capacity 
(boxes/pallets) & in ascendent order 
wrt pallet occupation.

- Capacity constraints in both weight 
and volume are respected. 

LoadP[ · , f ]
(filled up)Unloaded boxes 

(Uboxes)



Packing algorithm
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• Since the boxes are integer values, we 
sometimes leave boxes unloaded in the 
previous process, as they cannot fit in 
the pallets because of volume 
constraints (in almost all cases).

• To deal with that, we developed a GRASP 
(Greedy randomized adaptive search 
procedure) to gain diversity and be able 
to load most of the boxes to the 
available pallets obtained from the 
models (Resende and Ribeiro, 2003).
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Packing algorithm

Comparison of 
GRASP vs GREEDY 
in a real instance 
of a total of more 
than 82,827 boxes 
on a specific day



Packing algorithm
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𝑦, 𝑦", 𝑦# Create Trucks()

T1
T2

:

Trucks[ · ]

PT1
PT2

:

Empty vector of pallets 
on each truck after executing 
this function

T1
T2

:

LoadP[ P1 , ffrozen ]

Trucks[ · ] Load Trucks()

Recursive function that load pallets in pairs 
(frozen products) or individually (for fresh 
products, respecting trucks’ capacity 
constraints (in weight and volume)

LoadP[ P2 , ffrozen ]

LoadP[ P1 , ffresh ]



Packing algorithm
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T1
T2

:

P1
P2

:

f1 f2 …

LoadP[ · , · ]

Trucks[ · ]

Load Trucks Edge()

- First, frozen pallets are loaded; next, fresh pallets are loaded using 
the available capacity on trucks left by frozen load process.

- In case of frozen products, we have to respect the frozen pallets 
constraints (minimum and maximum number of pallets frozen if 
the truck is shared and need separator). This constraint is active at 
this stage, even tough later on we could have some trucks with no 
separator. 

- Then, we load the fresh products once frozen products are all on 
the trucks. For fresh products, trucks are sorted based on two 
criteria. We start with trucks with largest capacity. If two trucks are 
the same capacity, we sorted them in ascendent order wrt
occupancy in weight.

- Trucks are filling up one at a time using Load Trucks() recursively.  



Packing algorithm

● In case of frozen products, the separator forces us to load the 
pallets respecting a minimum and maximum threshold
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Packing algorithm

● The loading procedure for frozen 
products uses recursive function 
Load Trucks () filling trucks once at 
the time. 

● The trucks are filled at top (when 
capacity in volume is reached 
respecting constraints on 
maximum truck weight).

● If the last truck does not fulfill min 
and max threshold conditions, the 
load is adjusted to finally fulfill 
such conditions properly 
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Packing algorithm

● In the case of routes containing more than one arc (P1-P2-DC), we need to be 
consistent with the pallets loaded in the second arc  (P2-DC) wrt the first one (P1-
P2). 

● Moreover, this implies that the procedure must be able of refill trucks with pallets 
added in the intermediate plant.

● The former argument implies that first we load the arcs of type P1-P2, filling the 
pallets on such arcs, and then, loading the trucks, for both trip: between plants 
(consolidations) and for two-stage P1-P2-DC trips. 
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Packing algorithm

● Then, we load the P2-DC arcs, filling up the corresponding pallets, and then, they 
are assigned to direct trucks (primary trips) or on trucks coming from a previous 
plant (primary two-stage trips) with some remaining space in both volume and 
weight. 

● Trips of type P-DC1-DC2 are treated separately, using the same described 
procedure. 

● The procedure always respects capacity constraints in both dimensions (volume and 
weight). 
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Characterization of Instances
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Some results: transport costs to DC ($MM CLP)
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Real operation
Proposed solution



Transport costs savings to DC
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Instance Optimized Real MMCh$ MAus$
1 36.8 38.6 1.8 3261
2 27.6 29.8 2.2 3985
3 38.3 40.6 2.3 4166
4 43.5 45.1 1.6 2898
5 35.4 38.9 3.5 6340
6 38.5 41.9 3.4 6159
7 39.8 41.9 2.1 3804
8 29.6 31.3 1.7 3079
9 41.3 43.6 2.3 4166



Some results: cost/kg per trip in CLP
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Real operation
Proposed solution

1 Aus$ = 552 CLP



Some results: effect on loading dock capacity vs dispatched trucks 
(3 largest plants)
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Interface 
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Input 
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Output
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Summary of indicators of solution
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Global indicators

Total distribution costs 48569631 (CLP)
Distribution costs between plants 1397472 (CLP)
Dsitribution costs (primary) 47172159 (CLP)
Percentage of utilization in kilogrames total 0.718 (%)
Percentage of utilization in kilogrames (plant-plant) 0.689 (%)
Percentage of utilization in kilogrames (primary) 0.722 (%)
Percentage of utilization in pallets total 0.887 (%)
Percentage of utilization in pallets (plant-plant) 0.921 (%)
Percentage of utilization in pallets (primary) 0.883 (%)
Demand fulfillment 1.185 (%)
Ratio cost/kg 21.81 (CLP/kg)
VisitNodesPLant 1 (stops/route)
LoadNodesPLant (OUT-IN) 2226940 242692 (kgs)
TrucksNodesPLant(OUT-IN) 124 15 (trucks)



Final remarks

● A system that incorporates the solution approach (in two stages) 
is being implemented and tested in the field by the company.

● A truck scheduling model (heuristic + MIP) is also being coded as 
a complement to the two-stage procedure presented.

● This model was presented in Odysseus 2021 (held in 2022), and 
now a scientific dissemination paper is under preparation.

● Considerable savings are found in transport cost due to a better 
use and organization of resources (through consolidation) for the 
nationwide movement of products of the company. 
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Example detail
Fecha Nro. Camión Tipo Viaje Id Pallet Sector Estado Material Descripción Nodo Origen Nombre OrigenNodo DestinoNombre DestinoCajas
19/03/2020 41 primario 1001 Pollo Congelado 1011330 PO File IQF@ Bo Cj  SP P001 Planta Lo MirandaT049 Castro 10
19/03/2020 41 primario 1001 Pollo Congelado 1011331 PO PchDeh Lam IQF@ Bo Cj SP P001 Planta Lo MirandaT049 Castro 15
19/03/2020 41 primario 1001 Cerdo Congelado 1021477 GO Chu Vet Porc IQF@ Cj 7.5k SC P001 Planta Lo MirandaT049 Castro 50
19/03/2020 41 primario 1001 Pollo Congelado 1012347 PO Bistec Pech 150g@ Cj 3kg SP P001 Planta Lo MirandaT049 Castro 10
19/03/2020 41 primario 27 Elaborado Congelado 1100007 Nugg Pollo@ Bo 0.4k x12 Cj SP P001 Planta Lo MirandaT049 Castro 21
19/03/2020 41 primario 27 Elaborado Congelado 1100039 Nugg Pollo@ Zip 1k x5 Cj SP P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 27 Elaborado Congelado 1100267 Hamb Mastod 185g@ Fp x40 Cj LC P001 Planta Lo MirandaT049 Castro 6
19/03/2020 41 primario 27 Elaborado Congelado 1100372 Hamb Vacuno 185g@ Fp x40 Cj KI P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 27 Elaborado Congelado 1100520 Nugg Prm Pollo@ FS Bo 2.5k x2 Cj KI P001 Planta Lo MirandaT049 Castro 4
19/03/2020 41 primario 27 Elaborado Congelado 1100339 Croc Pollo 100g@ Fp x60 Cj SP P001 Planta Lo MirandaT049 Castro 6
19/03/2020 41 primario 27 Elaborado Congelado 1100440 Hamb Pavo 100g@ Fp x56 Cj LC P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 27 Elaborado Congelado 1100444 Hamb Pollo 100g@ Fp x56 Cj LC P001 Planta Lo MirandaT049 Castro 6
19/03/2020 41 primario 27 Elaborado Congelado 1100449 Hamb Prm100g@ Fp x56 Cj LC P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 27 Elaborado Congelado 1100193 Croc Pollo 100g@ Fp x30 Cj SP P001 Planta Lo MirandaT049 Castro 34
19/03/2020 41 primario 27 Elaborado Congelado 1100332 Hamb Pollo 55g@ Fp x52 Cj SP P001 Planta Lo MirandaT049 Castro 16
19/03/2020 41 primario 28 Elaborado Congelado 1100332 Hamb Pollo 55g@ Fp x52 Cj SP P001 Planta Lo MirandaT049 Castro 4
19/03/2020 41 primario 28 Elaborado Congelado 1100343 Hamb Pollo 50g@ Fp x56 Cj KI P001 Planta Lo MirandaT049 Castro 24
19/03/2020 41 primario 28 Elaborado Congelado 1100365 Cne Mol 250g@ Tripa Cj KI P001 Planta Lo MirandaT049 Castro 6
19/03/2020 41 primario 28 Elaborado Congelado 1100539 Churr Vacuno 90g@ Fp x 39 Cj KI P001 Planta Lo MirandaT049 Castro 9
19/03/2020 41 primario 28 Elaborado Congelado 1100545 Lomito Fiesta@ Fp x39 Cj SC P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 28 Elaborado Congelado 1100586 Hamb vac 120g@ Fp x 24 Cj LC P001 Planta Lo MirandaT049 Castro 2
19/03/2020 41 primario 28 Elaborado Congelado 1100350 Hamb Tradicional 50g@ Fp x56 Cj KI P001 Planta Lo MirandaT049 Castro 120
19/03/2020 41 primario 28 Elaborado Congelado 1100332 Hamb Pollo 55g@ Fp x52 Cj SP P001 Planta Lo MirandaT049 Castro 2
19/03/2020 41 primario 28 Elaborado Congelado 1100545 Lomito Fiesta@ Fp x39 Cj SC P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 1000 Cerdo Congelado 1021620 GO BB Ribs estuche 1kg@ Cj 10kg SC P001 Planta Lo MirandaT049 Castro 10
19/03/2020 41 primario 1000 Pollo Congelado 1011627 PO Tru Cort Selec pf@ Bo 16x800g Cj SP P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 1000 Pollo Congelado 1011632 PO Tru Selec pf@ Bo 6x2k Cj SP P001 Planta Lo MirandaT049 Castro 2
19/03/2020 41 primario 1000 Cerdo Congelado 1022746 GO Chu Ctro Porc IQF 180-200@Cj 7.2 SC P001 Planta Lo MirandaT049 Castro 35
19/03/2020 41 primario 1000 Pollo Congelado 1011330 PO File IQF@ Bo Cj  SP P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 1000 Cerdo Congelado 1021477 GO Chu Vet Porc IQF@ Cj 7.5k SC P001 Planta Lo MirandaT049 Castro 1
19/03/2020 41 primario 1002 Pollo Congelado 1011627 PO Tru Cort Selec pf@ Bo 16x800g Cj SP P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 1002 Pollo Congelado 1011632 PO Tru Selec pf@ Bo 6x2k Cj SP P001 Planta Lo MirandaT049 Castro 5
19/03/2020 41 primario 1002 Pollo Congelado 1011330 PO File IQF@ Bo Cj  SP P001 Planta Lo MirandaT049 Castro 1
19/03/2020 41 primario 1002 Cerdo Congelado 1021477 GO Chu Vet Porc IQF@ Cj 7.5k SC P001 Planta Lo MirandaT049 Castro 49
19/03/2020 41 primario 993 Pollo Refrigerado 1010048 PO Pch Selec# Cj 14 SP P001 Planta Lo MirandaT049 Castro 50
19/03/2020 41 primario 994 Pollo Refrigerado 1010048 PO Pch Selec# Cj 14 SP P001 Planta Lo MirandaT049 Castro 36
19/03/2020 41 primario 994 Pollo Refrigerado 1010124 PO Caz# Mall Cj 14 SP P001 Planta Lo MirandaT049 Castro 8
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routes.xls
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FillingTrucks.xls
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