Introduction

The USDA Forest Products Laboratory (FPL) with the assistance of industrial collaborators is
working on a generic model of integrated biomass gasification business concepts to evaluate
gasification of woody biomass with syngas to liquid (BTL) and/or power at existing forest

product production facilities. This model operates with specified process input coefficients and
production parameters for a base case (existing facility) and a business case with integrated
biomass gasification, BTL and/or power production. The model also considers estimated capital
Investment requirements and performs an incremental discounted cash flow and risk analysis for
the hypothetical investment in the integrated biomass gasification concept. The model Is
contained in a Microsoft® Office Excel 2003 workbook, and it will be documented and

reviewed, prior to being published. The generic model is designed for preliminary stages of
analysis using conceptual data inputs. If preliminary results look promising, much greater due
diligence and more sophisticated engineering will be needed to support subseguent development
and investment decisions.

The pulp & paper industry Is a large consumer of energy as well as wood fiber raw materials,
and therefore integrated biorefining and biomass energy systems are of interest within the
Industry. Thermochemical biorefining, based primarily on biomass gasification, is one of the
leading platforms for new business concepts in integrated forest product biorefining (Connor
2007; Thorp et al. 2008a, 2008b). The economic feasibility of the integrated biomass
gasification concept has been explored also in some previously published studies, such as an
assessment of gasificatimased biorefining at kraft pulp and paper mills in the United States
developed at the Environmental Institute of Princeton University (Larson et al. 2008, 2009;
Agenda 2020 CTO Working Group 2008a, 2008b). Just within the past year, the concept was
rigorously evaluated with the assistance of U.S. Department of Energy grants at two U.S. pulp
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biorefinery Phase | concept, which is the integration of a BTL faclility with a wood pulp and
paper mill. FPL extended the scope of the concept to include integrated gas combined cycle
(BIGCCO).

While specific concepts have been documented, there has been no generic model that would
enable a potential investor to do a preliminary analysis on a range of possibilities. Such a model,
If publically available, may encourage investors to consider these new methods of energy
generation. The primary objective of this work is to create a generic model that would act as a
template into which users could enter their assumptions about technologies, conversions, and
markets, and to demonstrate how this model can be used to do prefeasibility analysis on the
biorefinery business concept.

To address a wide range of possibilities, our business model features (1) a process model that
can consider up to three different biomass feedstock types, several different kinds of existing

mill configurations, gasificatiomo-liquid processes, biocrude distillation options, lime kiln

firing with syngas, BIGCC, hog and gas boilers, and steam turbine, (2) a cash flow model

having various business options, including differences between retrofit and base case,
compilation of capital and operating costs of major components, taxation and loan
considerations, and (3) a stochastic risk assessment that links investment outcomes as related to
uncertainties of the input parameters of biomass supply cost and operating costs.
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Early stages of financial investment decisions are often based on highly uncertain
preliminary engineering models of business concepts, so careful attention must be

given to the impact of uncertainty and lack of precision on projected financial outcomes.

Although there is little or no available data on actual commercial-scale integrated
biomass gasification systems, it was found helpful for dialectic purposes to break the
process model into a base case process that describes an existing facility and then its
transformation by capital investment into a business case process by constructing both
a base case and alternative business case model in the spreadsheet.

The particular base case shown above corresponds to a fully functioning wood mill and
a paper kraft mill in which natural gas fires the lime kiln and the bark fuel is burned in
the hog boiler to make steam for power and mill processes. For the business case the
biomass reformer corresponds to steam gasification modified by oxygen trimming,
which explains the inputs of indirect heat, steam, and oxygen into the reformer. The
syngas Is cooled with a heat recovery unit and cleaned for the Fischer-Tropsch
synthesis. The syngas can, however, be deflected for use in the BIGCC or lime kiln
depending on meeting the mill requirements. The process model allows for choice In
refining the biocrude. The particular business case shown above corresponds to
displacing natural gas completely, diverting bark from hog boller to the gasifier, and
burning naptha, leaving wax and diesel as the high value added product.
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Cash Flow Analysis
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base case has pulp, paper, and wood mill facilities without the biomass gas-to-liquid
system. The business case has the gas-to-liquid technology added. The incremental
cash flows are the additional flows that result from the BTL investment. These are the
additional benefits and costs that result from adding the BTL technology.

Net present values, nominal internal rates of return and real internal rates of return are
automatically calculated. These are all calculated three ways: before tax and finance,
before tax, and after tax basis. Different inflation rates can be entered for costs and
revenues. Loan terms can be varied. Depreciation terms can be varied. Three tax
loss treatments are allowed. Documentation of these features is provided in the report
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Results are shown to the right indicating a NPV of $215M and an IRR of 28% for the
particular business case described eatrlier.



