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Formação e trajetória acadêmica

• Graduação em Engenharia de Produção (PUC-Rio / UVA): 2015

“Otimização da Produção em uma Fábrica de Cerveja de Pequeno Porte”  (SPOLM + ENEGEP)

• Mestrado em Engenharia de Produção (DEI - PUC-Rio): 2016-2018

“Modelos de simulação e de programação matemática aplicados na análise e otimização do transporte 

de passageiros na Linha 4 do sistema metroviário do Rio de Janeiro” (ANPET + SBPO)

• Projeto de P&D - Desenvolvimento de rede móvel de armazenamento de 

energia (PUC-Rio ; Enel; ANEEL; E2Go): 2018-2020 

“Optmization of a Mobile Energy Storage Network” (em processo de submissão)

• Doutorando em Engenharia de Produção (DEI - PUC-Rio): 2019/2 - atual



Contexto da Pesquisa
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Perguntas de pesquisa

• Como planejar infraestruturas de reabastecimento em redes de 
veículos elétricos?

• Quais os fatores críticos para viabilizar a implementação de uma rede 
de veículos elétricos?   (“Chicken and egg problem”; custo e vida útil 
de baterias; autonomia dos veículos; etc...)

• Como viabilizar o investimento em frotas e infraestruturas de 
reabastecimento  de veículos elétricos?

➢ Novas abordagens utilizando modelos de otimização Location-Routing



Location-routing problem

• Location and routing decisions are interdependent and studies have shown that 
the overall system cost may be excessive if they are tackled separately. 

• Watson-Gandy and Dohrn (1973) were probably the first authors to clearly 
consider customer visits while locating depots.

• The potential benefits brought by including vehicle routing decisions while 
locating depots were quantified for the first time by Salhi and Rand (1989).

* C. Prodhon, C. Prins. (2014). A survey of recent research on location-routing problems. European 
Journal of Operational Research 238, 1–17.



Location-routing problem
• Decision Variables

𝑦𝑖 = 1 𝑖𝑓 𝑑𝑒𝑝𝑜𝑡 𝑖 𝑖𝑠 𝑜𝑝𝑒𝑛𝑒𝑑

𝑥𝑖𝑗 = 1 𝑖𝑓 𝑒𝑑𝑔𝑒 𝑖, 𝑗 𝑖𝑠 𝑡𝑟𝑎𝑠𝑣𝑒𝑟𝑠𝑒𝑑 𝑓𝑟𝑜𝑚 𝑖 𝑡𝑜 𝑗 𝑏𝑦 𝑎 𝑣𝑒ℎ𝑖𝑐𝑙𝑒.

• Objective Function

The objective function, to be minimized, can be formulated as the sum of three terms: 

(i) the cost of open depots / Charge Stations; 

(ii) fixed costs of vehicles used;

(iii) cost of the routes
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Revisão da Literatura: location-routing AND Electric AND vehicle



Revisão da Literatura: location-routing AND Electric AND vehicle



10 artigos identificados com aderência à pesquisa

Year Authors Title Problem Type Model Characteristics Model Decisions Objective Function
Math

Model Type
Solve Method

2015 Yang J., Sun H.,
Battery swap station location-routing problem with 

capacitated electric vehicles
Electric Vehicles Battery Swap Stations Location Routing Problem (BSS-

EV-LRP)

Delivery Problem 
1 depot

Locate BSS on network
Homogeneus fleet

Vehicles Load capacity constraint
Distance contraint (battery power)
BSS have no capacity  constraints

Define:
(a) The location of the BSS
(b) the tours from depot to serve all customers 
with BSS service.
* Including the allocation of customers to EVs; 
and  the allocation of EVs to BSS

Minimize total cost: somatory of BSS opening costs
and EV's routing costs MIP

* Solver CPLEX
* Four Fase Heuristic (SIGALNS)

* 2 phase Tabu-Search, modified clarke and Wright 
heuristic (TS-MCWS)

2015 Li-Ying W., Yuan-Bin S.,
Multiple charging station location-routing problem with time 

window of electric vehicle

Multiple charging station location-routing problem with time window 
of electric vehicle
(EV-MCS-LRPTW)

Delivery Problem
Only one depot

Homogeneus fleet

Determinate:
(a) number, type and location of recharging 

station (4 different types)
(b) number of vehicles and their routes of 

operation

Minimize total cost (station cost + electricity cost + 
driver wage)

MIP

*CPLEX 12.2  (only small instances)
*Hibrid Heuristic: AVNS + TS

(Adaptative Variable Neighborhood search + Tabu 
Search).

Algorithm implemented in Java

2017 Schiffer M., Walther G.,
The electric location routing problem with time windows and 

partial recharging

Electric location routing problem with time windows and partial 
recharging

(ELRP-TWPR)

Delivery Problem
Only one depot

Homogeneus fleet
Propose 3 models considering different types of Recharging Station: 

Convencional Recharge, Battery Swap and both of them.

Determinate:
(a) number and location of recharging station.

(b) number of vehicles and their routes of 
operation

4 different objectives:
(i) Minimize total traveled distance

(ii )Minimize number of vehicles for a given number os 
charging stations

(iii) Minimize number of Stations for a given number of 
vehicles

(iv) Minimize total costs

MIP
Solver Gurobi 6.0.5 with Python 2.7.8 Envirenment (up 

to 2 hours)

2018
Paz J.C., Granada-Echeverri M., 

Escobar J.W.,
The multi-depot electric vehicle location routing problem with 

time windows
Multi-depot electric vehicle location routing problem with time 

windows (MDVLRP-TW)

Delivery problem
Multiple depots

Homogeneus fleet
Propose 3 models considering different types of Recharging Station: 

Convencional Recharge, Battery Swap and both of them.

Determinate:
(a) number and location of recharging station.

(b) number and location of depots
(c) number of vehicles and their routes of 

operation

Minimize total distance MIP
Solver CPLEX 12.5 (up to 8 hours)

Implemented in C++

2018 Schiffer M., Walther G.,
Strategic planning of electric logistics fleet networks: A robust 

location-routing approach
Robust Electric LRP with Time Windows and Partial Recharging

(RELRPTWPR)
One homogeneus fleet for all scenarios

Decision variables:
(i) non-adjustable variable: Location decision for 

Stations (Yi)
(ii) adjustable variable: vehicle routing (Xij) 

Minimize Total Costs (driving costs; fixed costs for 
installing charging stations; fixed cost of vehicle 

acquisition)
Robust MIP

Hybrid of Adaptative Large Neighbourhood Serach 
(ALNS) and Dynamic Programming (DP)

2018 Schiffer M., Walthera G.,
An adaptive large neighborhood search for the location-

routing problem with intra-route facilities

Similar to Electric  LRP with time windows and partial recharging
(ELRP-TWPR) 

*Inclui a localização de depósitos intermediários para recargas (fretes)

*Similar ao ELRP-TWPR (Schiffer)
*Any vertex can sit Refueling Facilities

*Loading Facilities cannot be sitted on costumer vertices
*Fuel decreases in linear relation to consumption rate and arc distance

Determinate:
(a) number and location of recharging station.

(b) number of vehicles and their routes of 
operation

(c) number and location of Loading facility

Minimize Total Costs (driving costs; fixed costs for 
installing charging stations; fixed cost of vehicle 

acquisition; fixed costs for installing Loading facility)
MIP

Adptative Large Neighborhood serarch enhanced by 
local search and dynamic programming components

2019 Zhang S., Chen M., Zhang W.,
A novel location-routing problem in electric vehicle 

transportation with stochastic demands
Only Battery Swap Station

Stochastic demands

2021 Li L., Lo H.K., Huang W., Xiao F.,
Mixed bus fleet location-routing-scheduling under range 

uncertainty
Bus location-routing-scheduling Drive range uncertainty

2021
Schiffer M., Klein P.S., Laporte 

G., Walther G.,
Integrated planning for electric commercial vehicle fleets: A 

case study for retail mid-haul logistics networks

Mid-haul logistics Network - modelling aproach combined with a TCO 
objective function to represent tge economic impact of the fleet 

transformation.

First LRPIF that accounts for multiple planning periods, mixed fleets 
(ICV and EV), battery

degradation, EV limitations, and specific characteristics of the logistics 
network like customer time windows and multiple driver

shifts

(a) number and location of recharging station.
(b) number and types of vehicles 

over time (when to replace ICV by a EV)
(c) Routes of vehicles

Minimize:
Investment Costs (EV + ICV + Stations) + Operational 

Cost (distance- based + driver shifts)  
Obs: In time t=1 all vehicles are ICV

MIP
Metaheuristic + branch and prune algorithm to make all 

investiment decisions

2021
Çalık H., Oulamara A., Prodhon 

C., Salhi S.,
The electric location-routing problem with heterogeneous 
fleet: Formulation and Benders decomposition approach

Heterogeneous fleet
Benders decomposition



Modelo E-LRP selecionado para implementação

* Consider different types of Recharging Station: Convencional Recharge (fast) and
Battery Swap.



“Gaps” na Literatura e estratégias propostas

• Novas extensões do Modelo LRP:
Non-Linear Charging Function
Battery State of Charge and Deppreciation Cost
Hybrid Fleet

• Novas propostas de modelagem buscando maior eficiência.

• Modelo estocástico considerando a incerteza na demanda.

• Métodos de solução com melhor desempenho (métodos exatos e 
metaheurísticos) para atingir novos benchmarks na literatura.

• Análise atualizada sobre a viabilidade e o investimento em frotas e 
infraestruturas de reabastecimento  de veículos elétricos.



Fase da pesquisa / Próximos passos

• Fase Atual:

Implementação de Modelo EVRP with Non-Linear Charging Function

• Próximos passos:

Implementação do modelo E-LRP-PR-TW (Schiffer and Walther)

Incluir extensões no modelo E-LRP-PR-TW  (Non-Linear Charging 
Function; Battery State of Charge and Deppreciation Cost)

Métodos de solução exatos e metaheurísticos
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