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Introduction

Objective

This study aims to:

e Integrate “environmental thinking” in sustainable cellulosic biofuel supply chain planning
and management;

e Develop a multi-objective modeling framework in achieving economic and
environmental sustainability in biofuel supply chain system against uncertainty in
conversion uncertainty;

e Use the proposed model to evaluate the economic potentials and environmental
Impacts for California cellulosic biofuel system development.

Background — Sustainable Cellulosic biofuel

The majority of biofuels in US is corn grain-based biofuel obtained from food crops;
Corn grain-based biofuel is not sustainable (pressure on food supply);

Cellulosic biofuel is alternative to corn grain-based biofuel;

Cellulosic biofuel is bio-wasted based biofuel and has better life cycle performance;
Sustainable biofuel system: cost competitiveness v.s. environmental quality
Uncertainty in conversion technology

Refineries City Gates

e

Plant

i

Plant

e

Plart

Biomass —_— Biofuel

This study simplifies the biofuel supply chain system with three infrastructure layers:
feedstock sites, refineries and city gates.
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Potential California Cellulosic Biofuel System
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Uncertainty in Conversion Technology
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Ten scenarios with equal probabilities are generated

e Uncertainty:
conversion technology

e Distribution:
normal distribution with
0=13.1 gallon/dry ton

e Scenario-dependent
parameters:
conversion rate and
production emission

Modeling Description

Modeling Objectives:
e Minimization of system cost (f,)

Modeling Technigues:
e Two-stage stochastic programming method

Decision Variables:

e [eedstock procurement strategies
e Refinery locations and sizes

e Biofuel production

e Biomass and biofuel transportation

e Multi-objective optimization — Compromise method

Cost ||

e Minimization of system greenhouse gas (GHG) emission (f,)
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Modeling Uncertainty

First Stage | |

Planning 'Conversion

Decision iTechnoIogy

Feedstock : :
Procurement : :
X E(w)
Refinery / : |
Layout i i
o iUncertainty

Before realization 'Realization |

Two-stage stochastic programming method is adopted to model uncertainty:
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After realization

Planning decisions are made before the uncertainty is realized. After the uncertainty
realization, the operational decisions are determined.

Multi-objective Optimization: Compromise Method
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Construct the pay-off matrix following the example above and use attained four optimal and
anti-optimal result to formulate the compromise model

System Planning Strategies and Outcomes

Three types of solutions are evaluated: 1) SP solutions are obtained from the stochastic
model; 2) Wait-and-See solutions are based on the assumption that uncertainty is
revealed before planning decisions are made; and 3) EV solutions are determined by
taking all possible scenarios by expectation.
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Results Evaluation
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The authors compared the SP solution and EV solutions under 10 scenario sets. In the
following figure, each box plot shows distribution of relative cost saving by SP solution
compared to EV solutions under each emission level.

SP solution outperforms the EV solution with high emission caps. However, SP solution

has lower performance with low emission caps.
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To understand the relationship between cost and GHG, the authors compared a wide
range of best-compromised solutions with different preferential weights (W).

By raising the goal for one objective, we leave more space for the other objective to be

Improved.

Conclusion

Develop an integrated biofuel supply chain system: sustainability concepts and
production uncertainty

Address the uncertainty in conversion technology: impact on system planning strategy

Demonstrate benefits of stochastic method compared to deterministic methods

Immediate extension: uncertainties in natural fluctuations or human-made disasters
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