UC Davis AFRI Proposal Project Narrative
Introduction
Sustainability:Research:Techno-economic
Long Term Goals
The US Pacific Northwest has great potential to produce wood feedstocks for low carbon fuel and energy products. Realizing the potential depends upon the build-out of an agro-industrial system of production, transportation, and conversion of  biomass, and distribution of products. The goal of the regional modeling study is to provide a comprehensive view of a future bioenergy system in terms of feedstock production, infrastructure, and product output under a range of policy and market scenarios. More specifically our goal is to model the near-term build-out of a biofuel production system based upon the use of dedicated wood energy crops and longer-term integration of a range of other feedstocks such as residues from traditional forestry operations on publicand private lands. By achieving this goal the study will inform policy; facilitate effective decision making by project developers, producers, and regional planners; and communicate the environmental, social, and economic costs and benefits of a  bioenergy economy to communities and regional stakeholders.
To meet goals outlined above we will extensively modify and expand upon an existing bioenergy system modelling framework and use the model to conduct sensitivity analysis to assess a range of environmental and economic impacts including system wide greenhouse gas emissions, land use change, and economic impacts at regional and global scales.
A Geospatial Bioenergy System Model (GBSM) was developed to predict biofuel production as a function of biofuel market price (Parker et al, 2008; Tittmann et al, 2008; Tittmann et al, 2010; Parker et al 2010a; Parker et al, 2010b; Parker et al, 2009) The GBSM estimates production based on availability and cost of a range of biomass feedstocks via multiple fuel conversion pathways.  The GBSM is built on an integrated geospatial database containing geographic and cost data for all aspects of the biofuel production hain. The GBSM uses the geographic and cost data as input to a Mixed Integer-Linear Program (MILP) which optimizes geographic location and size for bio-refineries. The MILP optimizes the production system based on the feedstock procurement supply curve, feedstock and fuel transport costs calculated from a geographic transportation network, and costs for conversion of biomass into products (Figure 1).
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Figure 1. Geospatial Bioenergy Siting Model schematic.
The GBSM sites and sizes production facilities based on the market price for biofuels. Model output specifies the quantity, source location, cost paid for feedstock as well as the specific mode and route of transport used, and biofuel distribution into market. Thus the geographic footprint of each biorefinery can be determined for each model run.
Phase 1 of the techno-economic analysis will focus on the ZeaChem-Greenwood model of plantation-grown poplar providing feedstock to existing and proposed ZeaChem facilities in the study region.  Phase 2 will address the impact of a range of other available feedstock types in the region and the existing and proposed competing conversion pathways (heat, electricity, bioplastics) on the production system.
Phases 1 and 2 will address the following objectives:
Products:  Model a base scenario using the ZeaChem-Greenwood model of plantation-grown poplar used in hybrid thermochemical/biochemical  conversion. This will increase the geographic specificity of  previous GBSM versions; including more accurate economics of refinery construction and operation, more detailed analysis for suitable locations, and better feedstock descriptions at finer spatial resolutions. Sensitivity analysis in Phase 2 will be used to predict the impact of existing and potential facilities for heat, electricity, and other products capable of utilizing the same feedstock on the cost and capacity of the production system.  Sensitivity analysis will demonstrate effects of co-location of multiple production facilities in integrated biorefineries and impacts from alternative policy scenarios.
Infrastructure- Pre-processing:  Pre-processing of lignocellulosic material into flowable liquid or solid materials (torrefaction, pyrolysis, hydrolysis, bio- or thermal-gasification) at satellite facilities may increase the economic reach of biorefineries, increase the capacity of feedstock-sensitive technologies to draw on a range of feedstock types, and decrease the cost of feedstock transport. Sensitivity analysis will examine the impact of pre-processing facilities on the system configuration.
Infrastructure- Transport: Transportation of biomass feedstocks and products will increase loads on existing transportation infrastructure. We will examine the impact of increased transport of biomass feedstocks on the capacity of existing transportation infrastructure and identify potential infrastructure improvements.
Supply:  Seasonal variation in the availability of wood biomass presents operational challenges to biorefineries. For short-rotation woody feedstock production, annual variability can influence supply levels. On-site storage to balance supply variability is a costly and imperfect solution due to feedstock degredation and increased construction costs for storage capacity. By combining supply from plantations, natural forests, and possibly other sources such as municipal solid waste in a just-in-time logistics scenario, supply may be more robust and storage requirements reduced. We will incorporate a temporal dimension to feedstock supply curves to identify possible feedstock mixes for individual sites minimizing storage and handling loss.
Product Demand:  Utilization of process heat from conversion processes can reduce cost of production and increase rate of return on investment by providing a secondary revenue stream for some conversion technologies. Low-cost stand alone heat facilities located close to supply areas may also be able to compete for feedstock with higher value products that demand greater capitalization. Co-locating heat-producing conversion technologies (FT diesel, electricity, etc) with existing or potential heat loads would be a prerequisite to realizing heat value. We will develop a heat load map to use in Phase 2 sensitivity analysis.
GHG emissions:  The GBSM will be used to track the emissions from the build-out of the regional bioenergy system. The modeling framework enables accounting of “well to tank” emissions for every unit of energy product produced facilitating chain of custody traceability for compliance with emerging low-carbon and renewable fuel regulatory frameworks. System-wide aggregate, fuel-specific, and feedstock-specific emissions will be traced for all runs. 
Land use change:  The demand for biomass feedstocks from a biofuels industry will impact land use. Existing cropland or pasture in food or fiber production may be converted to energy crop production. Fallow and conservation and reserve lands may also be brought into production if hybrid varieties can be made suitable for marginal land and policies enable low impact management on reserve lands. These changes may impact global markets for traditional agricultural products as production of such crops is displaced by energy crops. We will project the impact of these regional changes on relevant national and global markets and provide estimates of the environmental impact of regional and global impact.
Economic impacts:  The buildout of a biofuel production system has the potential to stimulate regional economic growth.  We will use the results of the GBSM to predict the impacts of system build-out on regional economic metrics such as job creation and global metrics such as commodity prices and indirect land use change resulting from the displacement of food or fiber production in the study region. We will use existing statewide and regional economic models that have published relevant studies and the National Accounts data from the Bureau of Economic Analysis, Department of Commerce to predict the regional economic impact of the build-out of a future biofuels production system.
Sustainability:Literature Review:Techno-economic
Facility siting is a classic problem in industrial organization. Weber (1929) provided a foundational theoretical framework for locating a factory minimizing the cost of raw material transport and final product. (Melo et al 2009) provided a comprehensive review of optimal facility siting in the context of supply chain management (SCM). The trade-offs between economies of scale and transportation costs are also a central theme of this proposed research and have been outlined by many including (Karnani, 1983). The use of specific geographic information in location-allocation problems has many precedents as well, beginning perhaps with the Revelle and Swain (1970), formulation of the p-median model which locates p facilities and allocates demand nodes to their nearest facilities to minimize total distance traveled. Other models have been developed that can be used for biorefinery siting using geographic resource assessments. Oak Ridge National Laboratory has developed nationally oriented resource assessments (Perlack, 2005; Walsh, 2000). Graham (2000) developed a geographic model that optimally locates biorefineries of a given feedstock input based on the marginal cost of an energy crop feedstock delivered to the site. Kaylen (2000) incorporated competition between economies of scale in production and transportation cost of feedstock using a nonlinear programming model for a single lignocellulosic ethanol facility. Freppaz (2004) developed a decision support system (DSS) to aid regional authorities in making the most of available forest resources for heat and electricity generation. Reference to several previous studies utilizing the GBSM can can be found in previous sections.
Facility location problems focus on finding optimal locations and sizes of facilities in a given geographic area.  There are many ways of categorizing a location model, depending on its objective and whether it is discrete or continuous, single- or multi-stage, static or dynamic, deterministic or stochastic.  Thorough reviews on modeling and solution techniques for general location problems are available in (Owen and Daskin, 1998;Klose and Drexl, 2005;Dimopoulou and Giannikos, 2007). Modeling energy pathways for the future involves significant uncertainties in demand, supply, and technology.  Various stochastic facility location models have been proposed in the literature to handle demand uncertainties (Snyder, 2006), using techniques such as stochastic programming (Beraldi et al., 2004), chance constraints (Snyder and Daskin, 2006), and robust optimization (Jia et al., 2005)
Use of land for biomass energy production is easily measured  and can be accounted using attributional LCA methods (Wu et al., 2006).   Searchinger et al., 2008 argued that diversion of corn grain for ethanol in the United States would result in conversion of previously uncultivated land throughout the world (some with significant terrestrial carbon stocks) in response to higher commodity crop prices.  Losses hypothesized in Searchinger et al (2008) have since been shown to be much too large, but the concern remains legitimate (Tyner et al., 2010; Dumortier et al., 2009).  The California Air Resources Board adopted the principle of accounting for indirect land use change in its Low Carbon Fuel Standard (http://www.arb.ca.gov/fuels/lcfs/lcfs.htm).  It calculates average land use for biomass feedstock production, and infers indirect effects using a computational global equilibrium or CGE  model (GTAP-website; Tyner et al., 2010).   In effect, this combines attributional LCA assessment (direct GHG emissions form land use for feedstocks), with inference about potential land use change by estimating related impacts by expanding the LCA system boundary (consequential analysis ).  The US Congress also mandated the consideration of indirect land use effects in accounting for biomass energy in formulating the national Renewable Fuel Standard (EPA, 2010).  US EPA uses a series of different economic models to account for land use and indirect land effects.  Some additional information is derived form global satellite data.  There are significant limitations on combining attrtributional and consequential methods that may result in significant errors of estimation (Brander et al., 2009). 
A different method to estimate land use change is evaluate actual changes observed based on empirical data.  Babcock et al., (2010a,b) recently compared predictions made using the GTAP model with actual land use changes in the United States.  They found that the model over-predicted land use change in the United States. In general, west coast biomass production is under represented or poorly modeled in the national or international CGE or partial equilibrium (PE) models used by CARB, US EPA and USDA to assess the indirect impacts of biomass to energy production.   An alternative approach is under development at the California Biomass Collaborative that uses local crop production data and established cropping rotations to enhance local impacts of bioenergy crop adoption (Jenner, et. al. 2010).  This model uses the non-linear, PMP function, developed initially by Howitt, 1995, to capture local marginal cost information as crop acreage adjust to changing energy crop production.  The closer the input data is to local conditions the better this optimization model performs.  To date, it focuses on modeling the consequences of energy crop adoption on current farming systems in California at a detailed regional level.  There are 45 regional submodels based on biophysical conditions and analysis of ten years of crop production records across the entire state.  The model predicts changes in land cover by crop, profit, and resource use (water, inputs).  While still based on modeling, this approach provides realistic predictions of the consequences on land use of biomass production on farms.  This method easily allows for the analysis of plantation tree crops like poplars or other species.  It can be generalized to other agricultural regions in the western United States using similar methods, adjusted for local crop rotations and prices.  Predictions form the CBC model can be easily integrated with the Geospatial Bioenergy System Model (GBSM) to estimate demand for new biomass materials and strategic location of new biorefineries to use them.  
Approach:Sustainability:Research:Techno-economic
Techno-economic modeling in this study will utilize the modeling framework identified previously as a basis. The current GBSM model is optimized for national size studies, and include simplifications that must be addressed from more regional applications.  These include; less general economic models for biofuel refineries; integrated pre-processing stages; better temporal modeling of feedstock supplies;  and analysis of co-products like heat. Beyond the direct economic analysis of biofuel processing, secondary effects including carbon budgets, land use change, and the biofuel industry’s impact on other silviculture and agricultural practices are also important considerations.
The bioenergy system is modeled geographically. Feedstock production is modeled on the basis of land capability for crops not already in production, and historical production for crops in production. Data sources for land suitability include the National Agricultural Statistics Service Cropland Data Layer (NASS, 2001), Soil Survey Geographic (SSURGO) (NRCS, 2010) Data and will be augmented by regional and/or statewide assessments as available. Production is modeled as a supply curve reflecting the quantity of feedstock availability across a range of prices. Each land unit in production is attributed with a representative supply curve. Potential locations for future biorefineries are established using a heuristic approach based upon proximity to existing infrastructure. Transportation and loading costs are calculated using a geographic network connecting nodes (feedstock source locations, inter-modal facilities, potential biorefineries, and petroleum distribution terminals) via road, rail, and marine routes. The GBSM determines the optimal biorefinery location, size, and type. The conversion of biomass to energy products, transportation of finished fuel products, as well as geographic variability in biofuel demand are considered endogenously. Geographic demand constraint is accomplished by imposing a capacity constraint on the total volume of product that can be delivered to a distribution terminal. Estimates of demand are derived using population statistics. Thus biorefineries are sited and sized based on their optimal location with regard to the supply chain and the delivery of a product to a distribution terminal with unmet demand. 
The GBSM is solved using the Mixed Integer-linear Program (MIP) solving algorithm in CPLEX optimization software from ILOG(TM) using the General Algebraic Modeling System (GAMS) model language (McCarl,2004). Spatial data will be compiled and analyzed with ESRI ArcGIS software (McCoy, 2005), Geospatial Data Abstraction Library (GDAL)(GDAL Development Team, 2010) and the PostgreSQL database (The PostgreSQL Global Development Group) with PostGIS extension  (Ramsey, 2005)
General timeline:
· Phase 1: Establish near term scenario database and run baseline models- year 1-2
· Phase 2: Expand baseline model to include range of scenarios identified below - years 1-4 
Objective-specific approaches
Products: Production is integrated into the GBSM on the basis of cost of production for a unit of product output. We will use detailed production cost estimated based upon Aspen(TM) simulation of the ZeaChem process by University of Washington project collaborators. Other production process cost models (heat, bioplastics, electricity) will be derived from existing  UC Davis biomass conversion technologies database, other sources such as Antares (2008),  or modeled in Aspen(TM). 
Milestones: 
a. Deploy conversion cost model for ZeaChem conversion technology
i. Depends upon: U of W Aspen Modelling
ii. Likely completion: year 1.5 
b. Finalize conversion technology models including single and integrated operations to be tested.
i. Depends upon: (none)
ii. Likely completion: year 2.5
Infrastructure- Pre-processing: Optimal locations for pre-processing will be established and cost models developed for possible pre-processing technologies (hydrolysis, torrefaction, densification). Model  runs will be used to determine the effect of preprocessing on the location of facilties and overall system-wide production.
Milestones: 
c. Establish pre-processing technology cost models.
i. Depends upon: (none)
ii. Likely completion: year 1.5
d. Identify optimal locations for pre-processing facilities
i. Depends upon: Baseline model run
ii. Likely completion: year 2.5
e. Run sensitivity analysis on pre-processing scenario.
i. Depends upon: Baseline model run, above (a,b)
ii. Likely completion: year 4-5
Infrastructure-Transport: Transport of feedstock and products across existing transport infrastructure will be assessed and potential infrastructure improvements will be proposed based upon model results.
Milestones: 
f. Establish baseline transportation infrastructure database.
i. Depends upon: (none)
ii. Likely completion: year 1
g. Assess impact of baseline and scenarios on transportation infrastructure
i. Depends upon: Baseline model run, scenario model runs.
ii. Likely completion: year 3-4
Supply: Baseline model runs will map poplar and alder plantations to likely production areas established by land capability scoring (soil,  slope, existing land use, distance from conversion facilty) using existing datasets. Production levels and cost will be established in close collaboration with AFRI project partners Greenwod Resources. Additional resources (forest thinnings, municipal solid waste and agricultural residues) will be added in sensitivity analyses as possible future sources. Supply analysis will be limited by the availability of spatially resolved production data.
Milestones: 
h. Establish seasonal variability in supply of feedstocks.
i. Depends upon: Feedstock database
ii. Likely completion: year 3
i. Develop and extended MILP to address seasonality
i. Depends upon: above(h)
ii. Likely completion: year 3
Demand: Demands for vehicle fuel, heat and electricity will be estimated and mapped. Fuel demand will be mapped based on vehicle miles traveled at a census tract level. The fuel demand will be allocated to existing fuel stations and blending terminals. Point source heat loads will be mapped.
Milestones
j. Develop heat load map.
i. Depends upon: (none)
ii. Likely completion: year 3
k. Conduct heat load sensitivity analysis.
i. Depends upon: Baseline model, heat conversion technology models, above (j)
ii. Likely completion: year 3
GHG emissions: Supply chain emissions (production, harvest, processing, transport, conversion, and distribution) are derived from model outputs and supplied to the AFRI project partner Life Cycle Analysis modeling team at University of Washington.
Milestones
l. Establish systematic method for extracting  emissions data from model runs.
i. Depends upon: (none)
ii. Likely completion: year 1.5
Land use change: Land use change will be approached on the basis of feedstock demand. As the demand for feedstock increases, the likelihood that lands either in crop production, use as pasture, or not in use (CRP, fallow, marginal, traditional forestry) will be converted to energy crop production increases. We will use the GBSM in combination with a bioenergy crop-adoption optimization model developed in California, based on existing local cropping practices. Enterprise budgets and local cropping pattern information will be developed for the study area region. Crop adoption areas and acreage most suited to participate in biofuel production predicted by this model will be fed into the GBSM. This will allow the GBSM to predict the impact of the buildout of a biofuel production system on regional land use change both in terms of crop switching within traditional agricultural lands and in regard to the potential for marginal or unused lands to be brought into production.
Milestones
m. Extend California crop-adoption optimization model to NW AFRI study region
i. Depends upon: feedstock database
ii. Likely completion: year 2
n. Develop interface between GBSM and crop-adoption optimization model.
i. Depends upon (none)
ii. Likely completion: Year 2
o. Assess impacts of scenarios on land use change
i. Depends upon: Baseline and scenario model runs
ii. Likely completion: Baseline year 3, Scenarios year 4
Economic impacts:  We will use existing statewide and regional economic models that have published relevant studies and the National Accounts data from the Bureau of Economic Analysis, Department of Commerce to predict the regional economic impact of the build-out of a future biofuels production system.
Milestones:
p. Establish framework for assessing local economic impact
i. Depends upon: (none)
ii. Likely completion: year 1.5
q. Establish framework for assessing global economic impact
i. Depends upon: (none)
ii. Likely completion: year 4
r. Assess economic impacts of bseline and model scenarios.
i. Depends upon: Baseline model, scenarios, above (p,q)
ii. Likely completion: year 5
Approach:Outreach 

The results of these regional studies have the potential to impact a large number of stakeholders including public policy makers;  investors; potential growers; extension outreach and technology transfer specialists and educators. 
The UC Davis team will work closely with AFRI project collaborators to develop information tools pertinent to all these classes of users.  The primary vehicle for this will be a web toolkit that presenting model assumptions, input data, and results in a way that addresses concerns and information gaps identified by collaborators. This tool will provide detailed information on feedstock distribution and cost, likely bioenergy development zones, infrastructure development, etc. in a rich geographically enabled and interactive environment. Such a tool will serve multiple purposes:
Education The web toolkit will serve as an educational tool for understanding economic and environmental cost benefit analysis, land use planning, operations research, and geographic information systems.
Investment Provide estimated delivered feedstock supply curves to user specified locations, estimate transportation costs.
Extension Connect fuel producers with regional grower. Provide feedstock growers with information about regional markets for energy crops.
Outreach Provide community groups, citizens and other interested parties with information and resources to understand the costs, benefits and impacts of a future bioenergy system.
Project allocation

The UC Davis team will participate in both the Feedstock Development and Sustainability components of this proposal.  The baseline (Phase 1) GBSM will be used to identify optimal locations for trial plantings to be implemented by project partners Greenwood Resources as a component of the Feedstock Development research.  Phase 1 and 2 will provide emissions data, land use change, indirect economic impacts, etc for the Sustainability component of this project.  UC Davis all UCD researchers will contribute to both components. We anticipate the bulk of the budget will be allocated to addressing the range of sensitivity analysis outlined above. 
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