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Introduction

Agentina’s National Law #26093 (2006)

Provides the framework for investment, production, and marketing
of biofuels.

Establishes a minimum content of biofuels in gasoline and diesel.

Current situation”

Ethanol from sugarcane : W!ﬂ
23 sugar mills ; ¢
120000tn/d process capacity

only 3% of content % llll“‘

Perez et al, (2011), Biocombustibles en la Argentina y Tucuman, cifras de _
la industria en el periodo 2009-2011, Reporte Agroindustrial, 52. o Il BFaaed B UNIVERSITAT
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The Biofuel Supply Chain

Kostin et al, (2012), Design and planning of infrastructures for bioethanol and sugar production under demand uncertainty, ChemEngRes, 90, 359-376.
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Simulation-based Optimization (SbO)
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Simulation-based Optimization (SbO) — The Biofuel Supply Chain
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Supply Chain MILP Model
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Supply Chain MILP Model

Mass balance constraints
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SbO of the Argentina’s Biofuel Supply Chain

Uncertain parameters were sampled considering a perturbation with a
probability distribution of N(1,30%) for the sugar demand, and N(1,5%) for
the ethanol demand.

The time horizon for the design and planning was set at 3 years.

The finalization criterion for the inner loop was for the Monte Carlo
generator to take 100 samples.

The finalization criterion for the outer loop was to test 40 generations of
100 individuals each.

Objective function of the outer loop:
IullfiledSD

E
max Zilzg: o

%

£100%

Individuals with a negative objective function were assigned a value of 0.

UNIVERSITAT
ROVIRA | VIRGILI




SbO solution statistics

Generations

Objective function (best individual)

Best individual found at generation

Tried combinations
L

Unique combinations

Average CPU time per MILP solving®

Average number of uncertain parameters per run

3975 (1627 not valid)
0.846 seconds
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SbO solution statistics

% of demand satifaction
Millions of $
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SbhO Results — Best solution — Year 1

Installed Production Capacity

—o—Mill T1

= Mill T2

Mill T3
—&—Dist. T1

Dist. T2

Total capacity [105Tn/year]

Installed Storage Capacity

. 292 Heavy trucks
(18980Tn)
221 Medium trucks
(5525Tn)
68 Tank trucks
(1904Tn)

—&— Storage T1
—&— Storage T2

Total capacity [10%Tn]
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SbO Results — Best solution — Year 2

Installed Production Capacity

—o—Mill T1

== Mill T2

Mill T3

—&—Dist. T1

Total capacity [10°Tn/year]

Dist. T2

. 292 Heavy trucks
(18980Tn)
221 Medium trucks
(5525Tn)
69 Tank trucks
(1932Tn)

—&— Storage T1
—&— Storage T2

Total capacity [10%Tn]
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SbhbO Results — Best solution — Year 3

Installed Production Capacity

—o—Mill T1

== Mill T2

Mill T3
—&—Dist. T1

Total capacity [10°Tn/year]

Dist. T2

. 292 Heavy trucks
(18980Tn)
221 Medium trucks
(5525Tn)
69 Tank trucks
(1932Tn)

-~ —&—Storage T1

—&— Storage T2

Total capacity [10%Tn]
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Conclusions

A SbO strategy has been implemented to solve the problem of optimal design
of the sugar/ethanol SC in Argentina under parametric uncertainty.

The strategy is a two level optimization framework that combines MILP solving
with Monte Carlo simulation and Genetic Algorithms.

The proposed framework handles around 70 uncertain parameters (the
products demands for each region and time period) and geographically
distributes production/ storage/ distribution nodes in Ar-gentina, considering

different technologies.

The model decides the production/storage capacities of the nodes, the quantity
of transport units and the period in which each installation and/or expansion
should be made.

The proposed SbO strategy combines two objective functions, CSat and NPV,
thus allowing increasing both although it was expected them to be opposite.
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