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Supply Chain for Petroleum 

Production (Oliveira and Hamacher 2012)
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Problem Description
• Logistic network for oil consists of bases and arcs

• Oil is produced in refineries

• Product is distributed to bases in tanks

• In bases constant loading and unloading of the tanks = tank 
rotation

• Transportation through the sea, demurrage = delays in loading 
and unloading

• Goal is to optimize both investments and distribution planning 

while satisfying the demand of bases

• Uncertainty in the demand

• Two-stage SP and sample average approximation (SAA)
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Case Study
• Real case study in northern Brazil

• Four different products

• Diesel, gasoline, aviation fuel, fuel oil

• 13 bases 

• 3 sea terminals

• Four modes of transportation

• Waterway with large ferry or small boat, roadway, pipelines

• Three types of investments

• Storage capacity, pumps and substations, new pier

• Option for pipeline

• Planning horizon 8 years divided to 32 quarterly periods
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Distribution network

(Oliveira and Hamacher 2012)
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First-Stage Problem

min
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(Oliveira and Hamacher 2012)



8/25

Second-Stage Problem
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Sample Average Approximation

• Scenario generation:  𝐷𝑙,𝑝
𝑡

= 𝐷 𝑙,𝑝
𝑡−1

1 + ω𝑝 + σ𝑝ϵ , 𝑡 = 2,… , 𝑇

• Number of possible scenarios: 𝑁
𝑃 𝐿𝐵 = 𝟐𝟓𝟐

• Sample Average Approximation (SAA)

• 𝑀 independent random samples of size 𝑁

• New objective function:

ෞ𝑔𝑁 𝑦, 𝑤 = σ𝑎,𝑡 𝐶𝐾𝐴𝑎
𝑡 𝑦𝑎

𝑡 + σ𝑖,𝑡 𝐶𝐾𝐿𝑙
𝑡 𝑤𝑙

𝑡 +
1

𝑁
σ𝑛=1,…,𝑁 𝑄 𝑦,𝑤, ζn

• Choosing 𝑵:Consider trade-off between computational effort and the 

solution’s quality
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Results 
• Approximate true measures with N=50

• N = 20, 30, 40 confidence levels 0.95, 0.975, 0.99 respectively 
on the estimation of required sample size

(Oliveira and Hamacher 2012)
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Results
• Lower bound

• M =50

• Stopping criteria:  
1h or relative gap   
of 1%

• Upper bound

• Select 3 best 
solutions from 
previous round

• M = 1000

(Oliveira and Hamacher 2012)



12/25

Results

• Optimality gap is not 

improving as N grows

• Variability of the gap is 

decreasing as N grows

(Oliveira and Hamacher 2012)
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Results

• Solutions have low 

variability

• Solutions can support 

decision making

• Santarém has 
strategic 
importance

• Many of the 
considered 
investments were 
not relevant

(Oliveira and Hamacher 2012)
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Crude Oil Pumping 

Schedule (Oliveira et al. 2016)
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Problem description
• Oil is supplied through marine terminals

• Estimated time of arrival (ETA) is uncertain

• Transport to refinery via pipelines

• Expensive pumping time between 6pm and 10pm

(Oliveira et al. 2016)
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Model Formulation

• Two-stage SP

• First-stage decisions before we know the exact arrival 

times of the vessels

• Pumping schedule → refinery’s inventory level, pumping 
during critical time

• Second-stage decisions after we know arrival times 

• Terminal activities

• Objective to minimize operational costs such that the 

demand of refinery is fulfilled

• Costs: demurrage, product transference, penalty costs



17/25

• Deviations follow normal 

distribution

• Scenario generation

• Generate samples

• Scenario reduction

• Solve SP using reduced 
scenario tree

• How many samples?

• How many scenarios in the 

reduced scenario tree?

Scenario Generation

Histogram for the deviations around ETA

(Oliveira et al. 2016)
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Scenario Generation

(Oliveira et al. 2016)
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Results
• Time horizon of seven days, 

time periods of 2 hours = 84 

time periods

• Two different classes of oil: 

light and heavy

• Three vessels, each with 

different ETA

• ETA: 6, 22, 56

• Sample size 10 000, 50 distinct 

scenario samples
(Oliveira et al. 2016)
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Results

• Size of the scenario 

tree hardly affects 

the average solution

• With larger tree size 

we have less 

variability

• In-sample 
stability

(Oliveira et al. 2016)
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Results

• First-stage decision

• optimal schedule for 
pumping

• refinery’s inventory level

• Inspecting second stage 

decisions help to 

understand impact of 

uncertainties

(Oliveira et al. 2016)
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Results 

• Solution must be feasible in 

all considered scenarios

• Compare the chances of the 

solution being actually 

feasible

• VSS and EVPI are not 
good measures in this 
context

• If problem is treated as 

deterministic, 90% of the 

samples are infeasible

(Oliveira et al. 2016)



23/25

Conclusions and 

References
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Conclusions

• We looked into applications of SP

• Supply Chain for Petroleum Production

• Crude Oil Pumping Schedule 

• In both cases the computational efforts were reduced 

successfully

• Results were acceptable

• Methods can be used to support decision making 

process 

• Remember to validate results!
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