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Abstract — As fossil fuels are depleted worldwide, alternative resources is required to replace fossil fuels, and biofuels
are in the spotlight as alternative resources. Biofuels are produced from biomass, which is a renewable resource to
produce biofuels or bio-chemicals. Especially, in order to substitute fossil fuels, the research focusing the biofuel
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(biodiesel) production based on CO, and biomass achieves more attention recently. To produce biomass-based biodiesel,
the development of a supply chain network is required considering the amounts of feedstocks (ex, CO, and water) required
producing biodiesel, potential locations and capacities of bio-refineries, and transportations of biodiesel produced at bio-
refineries to demand cities. Although many studies of the biomass-based biodiesel supply chain network are performed, there
are few types of research handled the uncertainty in CO, supply which influences the optimal strategies of microalgae-based
biodiesel production. Because CO,, which is used in the production of microalgae-based biodiesel as one of important
resources, is captured from the off-gases emitted in power plants, the uncertainty in CO, supply from power plants has
big impacts on the optimal configuration of the biodiesel supply chain network. Therefore, in this study, to handle those
issues, we develop the two-stage stochastic model to determine the optimal strategies of the biodiesel supply chain network
considering the uncertainty in CO, supply. The goal of the proposed model is to minimize the expected total cost of the
biodiesel supply chain network considering the uncertain CO, supply as well as satisty diesel demands at each city. This
model conducted a case study satisfying 10% diesel demand in the Republic of Korea. The overall cost of the stochastic model
(US$ 12.9/gallony) is slightly higher (23%) than that of the deterministic model (US$ 10.5/gallony). Fluctuations in
CO, supply (stochastic model) had a significant impact on the optimal strategies of the biodiesel supply network.
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Fig. 1. Simplified diagram of biodiesel supply chain network.
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Fig. 2. Regions of diesel demand in Korea.
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: Location of feedstock supply
: Location of biorefinery

: Type of feedstock

: Diesel demand region

: Year

: Type of wastewater treatment
: Scenario

: Purchase cost of biodiesel

: Annual capital cost of CCS system and pipeline

: Annual capital cost of CCS system

: Annual capital cost of pipeline for CO, transportation
: Available land size

: Capacity of truck transportation

: Parameter of CCS system

: Parameter of CO, capture capacity

: Parameter of CO, capture

: Amount of capture CO,

: Distance from biorefinery to demand region

: Distance from feedstock location to biorefinery

: Biodiesel demand

: Parameter of CCS system and pipeline

: Energy balance of electricity

: Annual capital cost of pipeline

: Parameter of CCS system and pipeline

: Parameter of WT system and pipeline

: Annual operating cost of biorefinery

: Parameter of CCS system and pipeline

: Parameter of WT system and pipeline

: Annual capital cost of pipeline for water transportation
: Parameter of CCS system and pipeline

: Parameter of WT system and pipeline

: Annual operating cost of pipeline for water transportation
: Parameter of CCS system and pipeline

: Parameter of WT system and pipeline

: Annual transportation cost of carbon dioxide

: Annual transportation cost of water

: Land price of biorefinery construction

: Loading cost of truck
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: Purchase cost of feedstock
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: Amount of produced naphtha
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: Annual operating cost of pipeline for carbon dioxide transportation
: Efficiency of electricity generation

: Capacity of power plant

: Feedstock requirement

: Required land of biorefinery construction

: Distance-based transportation cost

: Time-based transportation cost

: Conversion ratio of biodiesel
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RS - @A
v : Average truck speed
water, : Amount of treated water

Integer variables

2 it : Number of biorefinery operated in each year
2CO2; ey - Number of CCS system constructed in each year
7D bt : Number of biorefinery constructed in each year

Continuous variables

Cap; ¢ : Designed capacity of biorefinery

Capr; : Maximum capacity of biorefinery

P bpt : Amount of produced biodiesl

Qint : Purchase cost of diesel from the market

TC' : Transportation cost of carbon dioxide from CCS systems
TC? : Transportation cost of water from wastewater treatment systems
TC? : Transportation cost of biodiesel from biorefineries

X{ijbptt : Amount of supplied feedstock

Xpl,cct,cc,izi ,bpt.t
yl,m,

10.

11.

12.

: Amount of carbon supplied dioxide from CCS system

bpt : Amount of biodiesel supplied from biorefineries to demand regions
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