Biomass producer decision making: direct and indirect transfers in different spheres of interaction
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1. Introduction
Bioenergy production involves different agents who often do not incorporate externalities (positive and negative) into their decision-making. For instance, feedstock producers (farmers) on the one hand may not have to bear the costs of water pollution caused by soil erosion associated with growing and harvesting biomass, and on the other hand they may not be given the credit of improved energy security due to the substitution of imported oil with domestically-produced biofuels. This creates complexity for assessing the impact of biomass and bioenergy production [1], which entails (a) the proper depiction of each agent’s decision-making process and (b) the accurate measurements of direct and indirect outcomes of their decisions.

2. Concept and methodology
We propose an approach to measuring the impact of biomass and bioenergy production by dividing the entire bioenergy domain into three spheres: the direct, indirect, and public spheres [2]. Direct and indirect transfers occur in different spheres of interaction (Figure 1). The concept of multipliers is introduced to measure these transfers. 

We apply the concept and the approach to the case of a proposed corn stover ethanol plant (the LIBERT project) located in Palo Alto County, Iowa, USA. We focus on the value accruing to the agents in the direct, indirect, and public spheres and associated two multipliers. The value to the direct sphere (farm) is represented by the profit of selling stover, the value from biomass sales less the costs of baling stover, loss of the nutrients contained in stover, and soil erosion caused by stover removal. The cost of soil erosion is measured by the sum of discounted values of future corn yield losses over an infinite time horizon. The value to the indirect sphere (region) is the profit to the biofuel conversion plant. And, the value to the public sphere (society) is the value to the direct and indirect spheres plus the value of energy security premium and net greenhouse gas offsets resulting from biofuel production. Multiplier I is defined as the ratio of the value accruing to the direct and indirect spheres to the value accruing to the direct sphere. Multiplier II reflects the ratio of the value accruing to all the three spheres to the value accruing to the direct sphere.

The marginal cost of stover removal is calculated for three dominant soil types in the study area. Costs are lowest at a 25% stover removal rate, and increase at higher shares due to increasing risks of soil erosion (especially for the Canisteo soil) (Figure 2). The estimated value of multipliers I and II is approximately 3 and 4, respectively (Table 1), revealing strong ripple effects of using corn stover for biofuel production in the region.
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Figure 1. Indirect effects caused by the development of lignocellulosic ethanol markets


Figure 2. Marginal cost to the direct sphere (farm) of corn stover removal.

Table 1. Multipliers of producing corn stover ethanol in Palo Alto County, Iowa, USA
	Sphere
	Value ($ L-1)
	Multiplier I
	Multiplier II

	Direct sphere (farm)
	0.19
	
	

	Indirect sphere (region)
	0.42
	3.23
	

	Public sphere (society)
	
	
	

	Energy security premium
	0.13
	
	

	GHG offset value @ following CO2 price (US$ t-1)
	
	

	5
	0.01
	
	3.99

	15
	0.03
	
	4.11

	25
	0.05
	
	4.22
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