


Network Design Model for Fuel Retail

Sponsor company: small chain of fuel stations in Brazil
• Revenue in 2017: US$ 10M
• Company owns its own fleet
• Intention to expand: Where to place new stations?

Fuel market:
• Low profit margins (2-3%) 
• Price-sensitive customers
• Significant transportation costs

Research question: Can we add competitiveness and profitability to a 
fuel retailer’s expansion strategy by modeling the entire SC Network?

Company and problem
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Ethanol in US:

• Requires subsidizing

• Dirtier than coal

• Very few vehicles and stations

Ethanol in Brazil:

• Competitive against gasoline

• Cleanest fuel massively used

• Compatible with 90% of cars

• Present in 100% of stations

• Interesting multi-commodity 

network optimization problem

Gasoline and diesel:

Fuel Supply Chain
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Ethanol and gasoline prices and sales volumes

Relationship	
between	ethanol	
price	and	gasoline	
price

%	of	ethanol	
consumption	 over	
(ethanol	+	gasoline)	
consumption

• Ethanol and petrol fuels are produced in different regions: 
Production, prices and consumption are geographically 
correlated;

• Transportation between distributors and retail stations are done 
by road;

• RENOVA-BIO project in Brazil may increase demand by 40%
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Model formulation

Routes and topographies 
between nodes

Fuel Consumption 
Model

Multi-
commodity 

Network 
Design Model

Data from public sources:
> Monthly fuel prices (retail and 

wholesale) at each city
> Year-by-year consumption of fuels at 

each city
> Population and GDP data for each city.
> Inflation data.

Route costs

> Fuel retail price for each node
> Fuel wholesale price for each node
> Sales volume per month per station per 

fuel
> Facility fixed costs per month

Assumptions:
> Total sales volume similar for stations
> Facility costs per month proportional to 

city GDP/capita

Data from company:
> Price of all fuels, day-by-day, since 2013.
> Cost of fuel purchased from distributors.
> Sales volume of each fuel at each day.
> Financial data and expenses.
> Fleet specification

Monte Carlo simulations

Optimum design for maximum profit:
> Number of stations per node
> Supply sources and routes

M.I.L.P
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Revenue

Cost of Goods 
Sold (COGS)

Demand 
constraint

Cost of 
facilities

Cost of 
transportation

Conservation 
of trucks

Maximum 
number of 
facilities

Model formulation
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Model formulation

Routes and topographies 
between nodes

Fuel Consumption 
Model

Multi-
commodity 

Network 
Design Model

Data from public sources:
> Monthly fuel prices (retail and 

wholesale) at each city
> Year-by-year consumption of fuels at 

each city
> Population and GDP data for each city.
> Inflation data.

Route costs

> Fuel retail price for each node
> Fuel wholesale price for each node
> Sales volume per month per station per 

fuel
> Facility fixed costs per month

Assumptions:
> Total sales volume similar for stations
> Facility costs per month proportional to 

city GDP/capita

Data from company:
> Price of all fuels, day-by-day, since 2013.
> Cost of fuel purchased from distributors.
> Sales volume of each fuel at each day.
> Financial data and expenses.
> Fleet specification

Monte Carlo simulations

Optimum design for maximum profit:
> Number of stations per node
> Supply sources and routes

M.I.L.P
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Results

Deterministic
Fleet utilization: 65%

Probabilistic
500 Monte-Carlo simulations
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Result take-away:
• Truck routing (backhauling) -> 20% higher fleet 

utilization and 5% higher profit in the model;

• Route topography -> design with 2% higher profit;

• Assumptions about fixed costs and sales volume - In 

real life, historical or inferred values and use this 

model to select among potential retail locations.

Results

Q&A
Appendix:

• Fuel consumption

• Data

Complete case Not considering 
backhauling cost

Not considering 
topography
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Fuel tax per state
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Company and problem
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Route costing
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Company data
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Ethanol feedstock and seasonality
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"Ethanol	production	 per	month	- in	Thousands	of	liters"
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Gasoline pricing in Brazil


