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EXECUTIVE SUMMARY

The Mid-Columbia region in southeastern Washington State has the potential to become a
national leader in renewable energy production. At the same time, the region’s existing
infrastructure can demonstrate industry best practices in sustainability. The regional energy
sector has long enjoyed abundant resources, and continues to do so today with kilowatt-hour
prices among the lowest in the nation. Several interrelated drivers propel the analysis of
commercial development feasibility for clean energy resources: the U.S. Department of Energy
(DOE) Asset Revitalization Initiative intended to help economic development in regions near
DOE sites; an increase of approximately 100 megawatts in near-term demand for electricity in
the Pacific Northwest; growing market demand for low-carbon footprint fuels; and the
Mid-Columbia Energy Initiative. There is a growing sense that is found among local
government and private sectors that the Mid-Columbia community should marshal its forces and
contribute to developing a framework for local clean energy power and fuels production, which
takes advantage of locally available resources to help drive forward developing a clean energy
industry in the region and the nation.

This assessment focuses on relevant forms of clean energy available in the region, local needs
and resources, and other pertinent economic and business related considerations. An overall
analysis of clean energy sources is included that compares solar, biomass/biofuels, wind,
geothermal, and municipal waste reuse processes and integration of clean energy resources with
other power sources such as natural gas where available. The study provides a system-
engineered body of knowledge to help future decision making about potential development of
commercially viable low-greenhouse-gas-producing energy generation capabilities that will meet
the needs of federal agencies such as the DOE, U.S. Department of Defense (DOD), and the
Bonneville Power Administration, as well as local communities.

This study includes results from previous studies as a basis and considers related aspects of
supply chain engineering. The results are as follows:

e Economic and technical analysis of available clean energy supply chains

e An effective approach that addresses alternatives to biological or waste resources, preferred
crops, transport and processing, integration of renewable resources with other potential
energy sources such as natural gas, and potentially profitable commercial development
business cases

e The potential for coordinating wind resources with existing operations to more efficiently
integrate wind power onto the existing grid system.

The primary purpose of this document is to perform an engineering evaluation of relevant forms
of clean energy available in the Mid-Columbia region. This report is intended to be used as a
feasibility study to evaluate the practicality of potential commercial clean energy technologies,
as well as a marketing tool for economic development. Although a top-level cost analysis of
several clean energy value propositions is discussed, study results are based on current energy
prices from the U.S. Energy Information Agency (http:/www.eia.gov) as of October 2011.
Wholesale forecasted benchmark energy prices were not used since investments in future
projects are heavily dependent on the expected timeline of proposed projects. Therefore, it is
expected that investors and other business entities would perform their own requisite due
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diligence with respect to further cost analysis investment endeavors, projected on timelines
specific to their proposals.

It must be stressed at the outset that the underlying premise of this analysis is that clean energy
technologies are only practical when they reach cost parity with conventional offerings. The
findings of this analysis are such that certain select clean energy technologies appear to be cost
competitive in the Mid-Columbia region with reasonable returns on investment, in particular
with the planned and well-executed integration of local clean energy resources with conventional
energy sources.

The goal of this feasibility assessment is to provide near- and long-term planning, taking into
account the uncertainties of economic and technical challenges and the opportunities for
significant clean energy deployment are illuminated and balanced. The report highlights these
opportunities and risks.

FINDINGS

This study has shown the presence of available resources in the Mid-Columbia region to meet
clean energy needs and requirements of federal agencies, and to support future development of a
viable commercial clean energy industrial base. This report also highlights several business
development conditions that would help support creation of that industrial base. Finally, it has
revealed several separate but mutually supporting “value propositions” (further defined below) to
be considered by civic authorities, potential developers, and investors. These value propositions
are not recommended courses of action; rather, the value propositions present a set of “existence
proofs” to show possible paths forward for decision making, planning, and to support due
diligence processes required for future development. Figure ES-1 presents the technical scope of
clean energy pathways evaluated in this feasibility study.

RESOURCES

Biomass: A review of biomass resources in the Mid-Columbia region shows a strong base of
agricultural waste biomass available for exploitation. There is sufficient biomass to support a
demonstration-scale power plant or a biomass-to-liquid fuels plant of 75 megawatts or 22 million
gallons, respectively. With further development of regional transportation around centralized
facilities, there is sufficient biomass in the region to support large-scale production. This
resource, principally in the form of wheat straw, can be obtained as a waste byproduct of food
production. Biomass-based energy production would have no impact on food supply or land use
and little on water resources, and could have a positive effect on the agricultural economy of the
region. Other biomass resources include waste from alfalfa seed production, corn harvesting,
and winery wastes; however, the large amounts of wheat straw available in the region are the
focus of the feasibility study. Two other sources, woody biomass and municipal solid waste,
were considered and show much promise; however, most of those resources are generated on the
western side of the state and thus would be somewhat costly for transporting it to the local region
for processing. Technologies needed to produce power or fuel from waste biomass exist and
appear to provide a path for development that will work functionally and economically.

Mid-Columbia Clean Energy Feasibility Assessment
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Solar and Geothermal: These clean energy sources show promise for meeting the region’s
clean energy needs; however, both sources have issues that may make them less attractive than
biomass. Solar is adversely affected by a less-than-ideal regional solar index (notably during
winter months), even with the low current cost of photovoltaic cells.

Geothermal heat is a very promising resource in broad areas of the Pacific Northwest, but
high-temperature rock in the local region is only found at very great depths, so the economics of
geothermal power are not outstanding. Other uses for geothermal energy, principally from
shallow resources, could be very useful for improving efficiency of heating and air-conditioning
systems.

Natural Gas: Although natural gas is technically a fossil fuel, it has low carbon content and its
low cost makes it an important energy source in the Mid-Columbia region. The potential for
using available natural gas as an “enabler” to encourage additional clean energy development is a
critical concept. Natural gas could be used for bio-sourced gas infrastructure development in
electricity generation or liquid fuels production. For example, a natural gas powered electricity
peaking plant could be a practical investment for a commercial developer, making power to
balance wind generation for integration onto the grid, meeting short-term needs of grid
managers, and supplying power for extended periods during low river-flow and wind conditions.
If specified correctly, and with appropriate off-taker agreements in place, that same power plant
could operate on gas produced from biomass with appropriate infrastructure in place. Similarly,
a natural gas-to-liquid plant using existing technology could be an off-taker for gas from a
biomass processing plant as well.

Water Use and Water Rights: Essentially all industrial processes, including electricity
generation, fuel production, and biomass processing use significant amounts of water. Water
rights are a major issue in North America, and southeastern Washington State is no exception.
The Federal Government has reserved water rights for defense purposes in the area; however,
those rights may not be available for clean energy development. For environmental and capacity
reasons, groundwater (i.e., water pumped from wells) is not likely to provide a significant
resource. Use of water from the Columbia River is tightly controlled; however, the communities
in the Mid-Columbia region have secured long-term rights for local economic development.
Water resources for development have to be identified early and local authorities should be
prepared to render assistance to developers to facilitate development of business arrangements
leading to major investment. Pre-existing arrangements to meet green energy development water
needs would be a significant asset for the community in a search for potential developers.

Community Support: The Tri-Cities area (Richland, Pasco and Kennewick) is centrally located
in the Mid-Columbia region and has a long history of being at the forefront of energy
development and technology. The area has a diverse power portfolio that includes hydro, wind,
solar, nuclear, and coal energies. Forty percent of Washington State’s power is produced within
a 100-mile radius of the Tri-Cities, including hydroelectric, nuclear (from the Columbia
Generating Station), and wind power.

The region has an established community of industry and a strong government presence with a
history of working together for common goals. The record of cooperation between the Tri-Cities
is embodied by the Tri-City Development Council (TRIDEC), which was created to coordinate
and assist economic development of the local area. TRIDEC established the Mid-Columbia
Energy Initiative (MCEI) capitalizing on local resources and expertise in energy to enable
development of a significant energy industry for the region and to recruit and retain
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energy-centered businesses in the area. A cornerstone to this community vision is the
establishment of the Tri-Cities Research District, which is intended to build an atmosphere and
physical infrastructure to attract innovative research organizations. The Bioproducts, Sciences,
and Engineering Laboratory at Washington State University (WSU) Tri-Cities Campus is located
within the Tri-Cities Research District. The Bioproducts, Sciences and Engineering Laboratory
established itself as a world-class center for biomass processing and bio-engineering for energy
and other potential areas of application.

With its strong history of collaboration among institutions and robust technical capabilities, this
region is poised to play an extensive and supportive role in providing clean energy production.

VALUE PROPOSITIONS

Several clean energy business cases were evaluated
to provide reasonable assurance that conditions in
the local region will support clean energy project
development. Several of these concepts have
potential to serve as value propositions to
demonstrate possible paths forward, they are as
follows:

Exploitation of Natural Gas to Enable Creation
of Clean Energy: Natural gas is efficient,
relatively clean and economical, and available
from domestic sources. It also may provide future
opportunities that result in a supportive business
development environment for clean energy. Local

Value Propositions

e The Mid-Columbia region has access to

significant quantities of renewable energy
sources (straw and municipal solid waste)
that may be profitably converted into
liquid fuels, high value chemicals,
electricity and other products, with natural
gas providing a potential backup source.

This profit potential is achieved by
multiple process plant types that are
interrelated and together produce process
synergies and operating flexibility.

The opportunity to produce clean energy
and green end-products is facilitated by

stakeholders can encourage development of natural
gas-based projects that, while independent of
technology and process development of renewable
energy sources, can act as assured off-takers for those sources when they are ready for
commercial production.

strong regional economic development
support.

Power: The Northwest Power and Conservation Council states the Sixth Northwest
Conservation and Electric Power Plan identified a need for additional power generation capacity
for the region to help efficiently integrate wind power onto the grid, and to add sustained
capacity to the system in high demand periods. This demand tends to push solutions toward
simple turbine installations that do not use combined-cycle thermal adjuncts due to their ease of
operation and low capital cost. A natural gas-fueled peaking plant that uses efficient and
responsive gas turbine or internal combustion power could use biomass-sourced gas produced in
new facilities in the Mid-Columbia region and regional biomass from agricultural waste.

A natural gas-fueled peaking plant would be a practical business proposition with or without
bio-derived gas, and would have lower risk for an investor than a plant that was a specialized
design for biogas only. At the same time, it would provide an assured off-taker for a biomass gas
plant, improving the potential for developing a biomass industry in the area. A natural
gas-fueled electric generating plant with a defined path to bio-derived gas use would be a good
candidate for industrial development.

Fuel: Due to the high cost of fuels and the relatively low cost of electricity in the Pacific
Northwest, liquid fuel production may be more economical than electrical generation. Such

Mid-Columbia Clean Energy Feasibility Assessment
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technology is relatively mature, with some commercial-scale plants currently in production.

A natural gas-to-liquid plant, with a long-term option to use bio-sourced gas to supplement or
replace natural gas when economic conditions warrant, is a business case worth pursuing for the
region.

Biomass: An evaluation of biomass resources in the Mid-Columbia has identified that wheat
straw is a potentially rich biomass resource produced as waste from wheat growing. Other
significant sources, such as alfalfa straw and wine industry waste, exist in smaller amounts. New
technologies for processing agricultural waste into gas for direct use or further processing into
liquid fuels are developing rapidly, with the potential for reasonable economic return. These
new technologies need to be brought into industrial service showing solid returns and low risk of
development as they are industrialized and grow in capacity. The existence of local off-takers,
including a gas generating plant and/or a gas-to-liquid plant, would serve as an important
incentive for investors and developers.

Additional High-Value Products: Biomass-derived gas can be processed into other important
and profitable products such as fertilizers, industrial solvents, adhesives, and plastics. Financial
return on these products is often much higher than for energy, and these non-energy industries
may become attractive development candidates. While much attention is focused on energy
development, this industrial chemical path should not be discounted in master planning.

These concepts and their interrelation are laid out in Figure ES-2. The combination of these
separate paths, economically independent but mutually supportive, provides a smart path for
local stakeholders to build a clean industrial base for the region.

Combustion
Turbine
Generator

Electricity J

- 4 Fermentation J Biogas

Liquid Fuels
& Chemicals ‘
».  Liquid Fuels

& Chemicals ’

. Gas to Liquid
Gasification Syngas g (GTL)Plant

Straw

Figure ES-2. Economically Viable and Separate Paths to Produce
Clean Energy and Valuable Products.

CONCLUSIONS

This report focuses on the viability of clean energy technology development for the
Mid-Columbia region. While considerable research and analysis was conducted on examining
technology viability, there is equal emphasis on the nature of sequencing or phasing the path
forward of a gas-to-liquid plant, natural gas plant, and biomass power plant, which is
economically important for commercial startup. Figure ES-3 portrays the importance of
sequencing of a biofuels facility through pilot-scale to commercial-scale in combination with a
natural gas power plant or a gas-to-liquid plant.
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Figure ES-3. Scale-up of Biomass Plant in Combination with Natural Gas.

Federal, state and local officials, community reuse and economic development leaders,
regulatory authorities, and industry executives need to recognize the importance of maintaining
momentum through such a phased approach if the region is to realize the benefits of local clean
energy production.

The feasibility study shows that business economics in the region are driven by the abundance
and transportation cost of biomass and that wheat straw is the predominant source for biomass in
the Mid-Columbia region. Trucking is the current method in Central Washington for
transporting baled straw and other biomass. Developing biomass processing capacity will
require additional development of logistics and infrastructure. As the size of operating plants
increase, transportation via rail and/or barge from increasing distances may become more cost
effective.

Development of economically viable clean energy industries is most likely to succeed if
developed in coordination with conventional energy sources, and integrating with existing
infrastructures wherever possible. Federal, state, and local government agencies, as well as
regional civic organizations, working toward a common strategic goal to create those conditions
necessary to enable industry development, stand a better chance of succeeding in fostering
development than if such efforts are undertaken separately. This report discusses resources and
attributes available in this area to support development. The Mid-Columbia region possesses the
needed attributes to support success and the combination of readily available resources, existing
infrastructure, a supportive civic environment, potential markets, and the room to grow in the
region makes the local area an exemplary test case for clean industry development as a part of
the greater United States economy, and potentially the world.
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1.0 BACKGROUND

This feasibility assessment focuses on clean energy that is available in the Mid-Columbia region,
local needs and resources, and other pertinent economic and business related considerations. An
overall analysis of clean power sources is described that compares solar, biomass/biofuels, wind,
geothermal, and municipal solid waste (MSW) reuse processes. This assessment also considers
integrating clean energy resources with other potential power sources such as natural gas and
hydroelectricity.

This assessment provides a system-engineered body of knowledge to help inform decision
makers on development of commercially viable, low-greenhouse-gas (GHG) producing energy
generation capabilities to meet the future needs of the local region including federal agencies
such as the DOE, U.S. Department of Defense (DOD), and Bonneville Power Administration
(BPA), as well as commercial markets. The study also uses results from previous studies as a
basis, and considers all aspects of supply chain engineering. Study results include:

e Economic and technical analysis of available clean energy supply chains

e An optimized approach that addresses alternatives to biological or waste resources, preferred
crops, transport and processing, integration of renewable resources with other potential
energy sources such as natural gas, and viable commercial development business cases

e The potential for coordinating operations with wind resources to more efficiently integrate
wind power onto the existing grid system.

11 METHODOLOGY

This study was conducted by the Mission Support Alliance, LLC (MSA) with support from
subject matter experts from Lockheed Martin, Jacobs Engineering, Washington State University
(WSU) — Tri-Cities, and Fox-Potomac Resources. The content of the report and its conclusions
are based on economic and technical analysis from these subject matter experts. Due to the time
constraints of the report, top-down analysis and estimating was used for some areas of scope,
schedule and costs. Given the abbreviated study period and future energy costs, the top-down
approach encompasses a degree of uncertainty; however, development of the technological
feasibility assessments and costs were based on the aggregation of logical, discrete units of work,
mitigating this uncertainty to a large degree.

An Integrated Project Team was formed to assess the discrete technologies of solar, wind,
geothermal, small modular reactors, natural gas, biomass, conservation/efficiency, and grid-scale
storage. Lockheed Martin addressed project integration, energy storage, utility-scale clean
energy, wind, and solar technologies. MSA and Jacobs Engineering team members assessed the
viability of small modular reactors and technologies for conservation/energy efficiency.

Jacobs Engineering evaluated energy plant engineering; co-generation; engineering, procurement
and construction; and biomass technologies. WSU supported the biomass analysis content of the
report.

The feasibility assessment was driven by technical data collection and analysis; interviews and
discussions with state, county, and federal resources; and surveys of technologies and markets.
Significant input was derived from local community, civic, and economic development
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organizations regarding site and regional attributes and assets; however, the content of this report
remains the responsibility of the authors.

1.2 NEEDED POWER ATTRIBUTES

The Northwest Power and Conservation Council states in the Sixth Northwest Conservation and
Electric Power Plan that between 2009 and 2030, the load is expected to increase by an average
of 335 average megawatts (MW), or 1.4 percent/year for the Pacific Northwest. BPA noted that
the Mid-Columbia region will need an additional 150 MW of power by the year 2020. This
increase is one of the critical drivers for this feasibility study.

1.2.1 Dispatchability and Integration

Power plants with low variable-production costs operate primarily to produce electrical energy as
base load power. Little can be saved by limiting their operation, so they are dispatched to the
grid to the extent that they are available for operation. Because non-fuel variable costs are a
minor element of production costs, base load units tend to be those with low (or no) fuel costs
such as coal, hydropower, geothermal, biogas, wind, solar, and nuclear plants. Natural gas
combined-cycle plants are very efficient, so they typically operate as intermediate load units
producing energy at times of higher demand and prices, but are curtailed during periods of
low-energy prices. Cogeneration plants, though often using expensive fuel (natural gas or
residue biomass), are efficient and normally have a steady thermal load, so they can operate as
base load plants.

A challenge to increasing variable-output clean energy resources like wind, solar, wave, and tidal
current generation is shaping the variable of these resources to meet the power quality standards
and load of the power system. Power available on demand, referred to as dispatchable power, is
needed for this function. One approach is to use dispatchable firm generation like hydropower,
which is currently used to integrate wind power in the Pacific Northwest. An alternative is
energy storage technology. Energy storage technologies decouple the production and
consumption of electricity and can provide regulation, sub-hourly load-following, hour-to-hour
storage and shaping, firm capacity, and other ancillary services. Storage projects within a
renewable resource zone can be used to flatten the output of variable-output generation, thereby
increasing transmission load factors and improving the economics of long-distance transmission.

Reliable operation of a power system requires minute-to-minute matching of electricity
generation to varying electricity demands. In the Pacific Northwest, resource planners focus
mostly on annual average energy requirements, leaving the minute-to-minute balancing problem
to system operators. Historically, this was because the hydroelectric system had sufficient
peaking capacity and flexibility to provide the needed operations as long as there was sufficient
energy capability. This is changing for several reasons: Growing regional electricity needs are
reducing the share of hydroelectricity in total demand, peak load has grown faster than annual
energy, the capacity and flexibility of the hydro system has been reduced over time for fisheries
conservation, and growing amounts of variable wind generation have added to balancing
requirements of the system.

As a result, planners must consider potential resources in terms of their energy, capacity, and
flexibility contributions. The rapid growth of wind generation (which has little capacity value
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and increases the need for flexibility reserves) means that meeting growing peak load and
flexibility reserves will require adding these capabilities to the power system. Changes can be
made to the operation of the power and transmission system that will reduce flexibility reserve
needs. These operational changes are expected to cost less than adding peaking generation,
demand response, or flexibility storage and they can be implemented more quickly.

Continued development of wind power to meet regional clean energy portfolio standards, as well
as for export, will continue to increase the demand for flexibility reserves. Flexibility reserves
(also called balancing reserves, rapid-response reserves, or regulation and load-following
capability) provide the ability to balance generation and load on a sub-hourly basis; balancing
within intervals of seconds to minutes is referred to as regulation, and balancing within the hour
is referred to as load following.

As identified by the Northwest Power and Conservation Council in the Sixth Northwest
Conservation and Electric Power Plan, there is a growing need for flexibility of the existing grid
system. Their recommendations include modifying existing operating procedures and business
practices to allow the maximum and most efficient use of the region’s existing flexibility for
those balancing authorities with large amounts of wind generation. Secondly, the new
dispatchable generation capacity required to meet the peak-hour capacity needs of the system
should be capable of adjusting up or down to deal with changes in wind output and allow the
region’s balancing authorities to maintain their area control error' measures within acceptable
bounds.

The Northwest Power and Conservation Council address the need for wind and grid integration
in the Sixth Northwest Conservation and Electric Power Plan. The primary need includes
integrating wind power in the spring months during conditions of high-water spillage through the
hydroelectric system coupled with high-spring winds resulting in excess generation capability.
Past spring conditions required the BPA wind generators to turn off generation of power.

The Northwest Power and Conservation Council notes that wind integration and within-hour
reserves need to be addressed through improvements in the operating system and procedures,
changes in wind forecasting, reserve sharing among control areas, scheduling the system on a
shorter time scale, and advancing dynamic scheduling to contribute to more efficient use of
existing system flexibility.

!Area control error - A measure of the instantaneous difference in scheduled and actual system frequency and a
balancing authority’s scheduled and actual interchanges with other balancing areas.
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2.0 REGIONAL ASSETS AND ATTRIBUTES

2.1  SUPPORTIVE HOST COMMUNITY AND RESOURCES

The Tri-Cities area has a long history of being at the forefront of energy development and
technology. The area has a diverse power portfolio that includes hydro, wind, solar, nuclear, and
coal energies. Forty percent of Washington State’s power is produced within a 100-mile radius
of the Tri-Cities. Nuclear fuel locally manufactured by AREVA Inc. Richland, supplies

5 percent of the electricity consumed in the Unities States.

The Tri-Cities community has developed supportive resources that are important to asset
revitalization initiatives that include the following:

e Long established affiliations with local university and community colleges for technical,
scientific, and information technology training; with extensive local utility and workforce
training facilities.

e Targeted business development efforts on large federal programs to significantly diversify
the area’s funding base and build infrastructure.

e Regional higher education includes WSU Tri-Cities and Columbia Basin College.

The region has supportive host communities that are familiar with the region’s capabilities and
technologies. The Tri-Cities established a community of industry and government entities that
are working together and can be easily deployed to realize the vision of the Mid-Columbia
Energy Initiative (MCEI) led by the Tri-City Development Council (TRIDEC). Visions and
goals are as follows:

¢ Vision to become the suppler-of-choice for everything connected to Smart Energy (energy
storage, integration of clean energy sources, energy transmission).

e Establish Mid-Columbia region as a “Center of Excellence” for research and development
(R&D), demonstration and deployment of new energy technologies, and a center for
component manufacturing

e Use local and regional energy resources to provide solutions to national energy challenges.

e Leverage R&D and commercialization expertise from Pacific Northwest National Laboratory
(PNNL), WSU, Tri-Cities Research District, business entrepreneurs, and local energy
companies to implement new energy technologies.

e Establish training and education programs through Columbia Basin College, WSU Tri-Cities
and affiliates, and local labor to support national needs for utility and workforce training in
clean/sustainable energy technologies.

e Support commercialization, technology transfer, and manufacturing of equipment designed
for use in sustainable/carbon neutral energy production.

e Educate policy makers on local and national energy issues.

e Recruit like-minded leaders and organizations to make the Mid-Columbia a “hub” for energy
in the Pacific Northwest.

Mid-Columbia Clean Energy Feasibility Assessment
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e Be aleader in testing, installation, and operation of new Smart Energy technologies
developed by PNNL and others, and in providing a test bed for the integration and
distribution of energy from wind, solar, biomass, and other clean energies.

e Showcase recycling and conservation initiatives for commercial and residential energy
consumption.

e Pursue local, state, and federal partnerships and funding support.

¢ Institute an adequately funded and organized program to market available land and buildings
to attract new businesses to create new jobs and a tax base.

o Create a physical and intellectual environment so companies and workers can interrelate,
technology transfer and product commercialization can develop, educational and training
opportunities are available for professional and support workers, establish and support
vertical and horizontal industry clusters, and serve as a focal point for technology-related
community outreach activities.

e Work with state and federal offices to identify and create state tax incentives and federal
funding support to encourage new sustainable energy/carbon neutral manufacturers in the
region.

In addition, the Tri-Cities Research District is a center of technology invention and advancement
in the Pacific Northwest. Designated by Washington’s Governor as an Innovation Partnership
Zone, the Tri-Cities Research District is recognized as a driving force fueling the region’s
economic growth. More than 7,000 workers are employed in the Tri-Cities Research District.

It is home to PNNL, a national center for energy and environmental research. WSU Tri-Cities is
located in the Research District providing new technologies and highly educated technical
workforce, working in conjunction with PNNL. The Port of Benton and many of the world’s
largest engineering and construction firms, and more than 80 innovative and globally-
competitive private businesses are located here to be near customers, with the intent to leverage
each other’s capabilities.

The Tri-Cities Research District features several unique facilities. The Applied Process
Engineering Laboratory is a 90,000 square-foot-high technology business incubator. WSU’s
new Bioproducts, Sciences, and Engineering Laboratory is a collaborator with PNNL and is
devoted to the scientific R&D and process engineering for bio-based product manufacturing,
particularly of high-value byproducts from bio-based energy production processes.

The Mid-Columbia region plays an extensive role in providing energy needs across the Pacific
Northwest:

e Forty percent of the state’s total energy production and 100 percent of the wind energy is
generated within 100 miles (7 hydropower facilities, 1 coal power facility, 7 natural gas
facilities, 6 wind power hubs, and 1 nuclear reactor).

e Extensive regional energy infrastructure, including BPA, Energy Northwest (operator of the
Columbia Generating Station nuclear power plant), railroad services, river barges, and
multiple public utilities.
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e Specialized workforce skills include nuclear and non-nuclear construction, facility
management and operations, nuclear safety, and environmental remediation of hazardous and
radioactive wastes.

e The Tri-Cities possesses a high concentration of educated and experienced, world-class
nuclear and clean energy researchers.

e Training programs are available at the Volpentest Hazardous Materials Management and
Emergency Response (HAMMER) Training and Education Center using blended-learning,
hands-on activities, lessons-learned, and cutting-edge technology.

¢ PNNL has world-class scientific expertise that provides practical, high-value, and
cost-effective solutions to a wide range of complex technical problems including energy.
PNNL is a recognized leader in SmartGrid technology, large-scale energy storage R&D, and
smart chargers.

e Cutting-edge regional science and technology research teamed with PNNL, WSU Tri-Cities
Bioproducts, Sciences, and Engineering Laboratory, a world-class research center to focus on
bioproducts and bioenergy.

e The Pacific Northwest SmartGrid Demonstration Project, Battelle, and DOE's National
Energy Technology Laboratory have a cooperative agreement with BPA, 11 utilities and
5 technology companies to create approximately 1,500 jobs in manufacturing, installation,
and operation of smart grid equipment, telecommunications networks, software, and controls.

22 WATER USE

All industrial processes, including electricity generation, fuel production, and biomass
processing, use significant amounts of water. Attracting new industrial development requires
that adequate water resources are available. It has been estimated that approximately

5,000 gallons per minute (gpm) of water will be required; however, a limited number of
possibilities exist for that amount of water. Potential sources for a water supply include the
development of groundwater and surface water with necessary water rights, or from water
purveyors through a contract.

The Revised Code of Washington (RCW) 43.21A.064, “Powers and Duties — Water Resources,”
states that the Washington State Department of Ecology is responsible for the state water
resources and for making decisions on future water resource allocation and use. Since much of
the water in Washington already has been allocated or claimed, it is increasingly difficult to
obtain new water rights. As a result, many individuals choose to make changes to existing water
rights in order to meet new water needs, provided there are existing water rights available
through a willing seller. Locally, transfers may be processed by the Benton County Water
Conservancy Board, which maintains an information exchange regarding potential buyers and
sellers of water rights within the county.

Potential developed water supply sources might include Energy Northwest, WSU, Battelle, and
the city of Richland. Of these, only Richland is considered a water purveyor and the most
capable of providing an adequate quantity of water. Additionally, the other potential sources
would have more complicated water right issues to resolve.
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The city of Richland has ample water rights for commercial and industrial uses. According to
the city of Richland’s 2010 Comprehensive Water System Plan, the city draws upon the
Columbia River and groundwater well fields to supply drinking water to its customers. The city
also has standalone water systems that supply water for irrigation, industrial uses, and other
governmental proprietary purposes to its customers without treatment. The city currently holds
water rights for approximately 55,000 acre-feet/year and uses about 25,000 acre-feet/year.

A water supply demand of 5,000 gpm is equivalent to 8,070 acre-feet/year.

The city’s urban growth area (UGA) extends north of Horn Rapids Road, which is in the city
limit (Figure 2-1). If the facilities in this report are located in the UGA, the city has existing
infrastructure capable of meeting the water demand to that area. If the facility is located outside
of the UGA, discussions with the city will be necessary to coordinate development of appropriate
infrastructure. To ensure necessary agreements and possible infrastructure needs are addressed,

discussions should be initiated with the city of Richland’s Business and Economic Development
Manager and the Director of Public Works.

City of Richland
Water Service Area
In Vicinity of Horn Rapids Road

Stevens Dr

LEGEND

¢ 1 City Limits
[1 Urban Growth Area

City of Richland
Water Service Area "

B

Figure 2-1. City of Richland Water Service Area.
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3.0 ENERGY SOURCES AND TECHNOLOGIES

3.1 CONVENTIONAL POWER GENERATION

When considering development of new power
generation facilities in the local region, Conventional Power Summary
conventional sources must be considered

because of their cost effectiveness, technology

o Natural gas-fired gas turbines in either a simple
cycle or combined cycle configuration are

maturity, reduced risk/field-proven mature and can support both base load and
performance, and ability to be deployed in the peak power demands.

near term. Each of these criteria should be e Natural gas-fired internal combustion engines
evaluated when considering new power offer a small capacity, scalable, power
generation development options. Sources in the generation approach.

local region that address most of these criteria * CHP architecture maximizes energy utilization

. . and could support site industrial development
include coal, hydroelectric, nuclear, and natural e S R

gas. InSta”ajuon of a coal power pl.ant.does not o Natural gas can be used to improve efficiencies
meet the project’s green energy objectives. and supplement power generation from
Hydroelectric power is readily available in the renewable energy sources.

Pacific Northwest and is a primary source of
power; however, there are no plans to expand hydroelectric power in the region although the
region has deep roots in the nuclear industry and a skilled nuclear workforce. As noted by the
Northwest Power and Conservation Council® in the Sixth Northwest Conservation and Electric
Power Plan, this leaves natural gas as the only conventional and practical energy source for new
power generation opportunities in the Mid-Columbia region that can be operational in the near
term. The remainder of this section describes various power generation architectures that utilize
natural gas, discuss their potential benefits and limitations, and incremental development options
that integrate clean energy options with natural gas.

3.1.1 Gas Turbines

There are several straightforward power generation architectures that could utilize the proposed
natural gas line. Figure 3-1 shows a simple gas turbine cycle where compressed air is mixed
with natural gas, burned in the combustor, and the exhaust gas drives a gas turbine to produce
electricity. Simple gas turbine cycles have typical thermal efficiencies of 30 to 40 percent.

A U.S. Energy Information Administration (EIA) study® that examined the average national
levelized costs for new electricity-generating technologies in 2016 projected the cost for a simple
gas turbine cycle to be $124.50/MWh when operating at a 30 percent capacity factor.

The Northwest Power and Conservation Council was formed by the Northwest states in 1981 in accordance with
the Pacific Northwest Electric Power Planning and Conservation Act of 1980. The Council was formed to give the
Pacific Northwest states and the region’s citizen guidance in how growing electricity needs of the region are to be
provided. The Act charges the Council with creating a power plan for the region. The purpose of the power plan is
to ensure an adequate efficient, economical, and reliable power supply for the Pacific Northwest.

¥ www.eia.doe.gov/oiaf/aeo/electricity_generation.html
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Simple Cycle Gas Turbine

Processed —
Fuel

L J

COMBUSTOR

COMPRESSOR
Electricity

GENERATOR TURBINE

Air Exhaust

Figure 3-1. Simple Gas Turbine Cycle. *

A 30 percent capacity factor was utilized in the EIA study because gas turbines have the ability
to be turned on with minimal startup time. As a result, gas turbines are frequently used to supply
additional power in times of peak power demand. A wide range of gas turbine capacities exist in
the market place, with General Electric (GE) offering models from 11 to 340 MW and Siemens
offering 4 to 375 MW. As an example of a gas turbine that could be used in a simple cycle, the
GE 6FA Heavy Duty Gas Turbine, can provide 77.1 MW of power with a 35.3 percent thermal
efficiency and 24 minute start time to base load power®.

3.1.2 Internal Combustion Engines

Another natural gas-based power generation architecture is internal combustion (IC) engines.
While such units do not offer the power output capacity range of gas turbines, many of the other
performance characteristics are similar or better (efficiencies, startup times). 1C engines for
power generation can be thought of as a larger (physically and number of cylinders), more
powerful, natural gas-based version of the typical spark ignition engine found in automobiles.
Typical industrial IC engines feature fuel-injection, turbo charging, and individual cylinder
control to optimize engine performance.

A sample industrial IC engine for a power plant application is the GE J920, which has a 9.5 MW
output power capacity, a thermal efficiency of 46 percent, and startup time of 5 minutes. Like a
gas turbine, the short startup time makes the natural gas IC engine a good choice for addressing
peak power demands. Industrial natural gas IC units typically lend themselves to a
modular/scalable architecture, thus larger power output capacities can be achieved with multiple
units. This scalability also makes IC engines a good option for achieving an output power value
that might fall in-between the size of larger capacity gas turbines. Thus, a total output power
capacity could be achieved without incurring the costs of larger gas turbine units that would
operate less efficiently because they are not being used or are close to their maximum capacity.

In addition to power generation, natural-gas fired 1C engines have applications that should be
considered when evaluating industrial development in the Mid-Columbia region. GE has
delivered more than 800 gas-fired engines for use in fertilizing greenhouses with CO, to enhance
plant growth.® Under appropriate lighting and temperature conditions, if the greenhouse

* www.eere.energy.gov/tribalenergy/quide/biomass_biopower.html
® www.ge-energy.com/products_and_services/products/gas_turbines_heavy duty/6fa_heavy duty gas _turbine.jsp
® http://www.ge-energy.com/solutions/co2_fertilization for greenhouses.jsp
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environment is supplied with supplemental CO,, the resident plants will consume this CO, in the
photosynthesis process, resulting in enhanced plant growth/yield.

The CO; is captured from the exhaust gases of the IC engine. Greenhouse CO, fertilization
could be implemented as part of a biomass feedstock growth/supply plan if biomass combustion
is considered for power generation onsite. In addition to utilizing the CO,, the waste heat from
the exhaust gases could be used as part of a greenhouse temperature control system or for heat in
other site buildings.

3.1.3 Combined Cycles

While both the simple gas turbine cycle and natural gas IC engines are power generation
architecture options that are well understood, field-proven, available in many different capacity
options, and offer the ability to provide both base load and peak power, their maximum
efficiencies are limited to less than 50 percent. The thermal efficiencies of the power generation
system can be significantly improved when a gas turbine or IC engine cycle is combined with a
steam power generation cycle (Rankine cycle). Figure 3-2 illustrates such a configuration that
utilizes a gas turbine, called a combined cycle. Efficiencies of combined cycles are significantly
higher than simple cycles because the waste heat from the gas turbine or IC engine is captured
and used to create steam in a heat recovery steam generator (HRSG), which in turn drives a
steam turbine generator. It is the utilization of the gas turbine waste heat to produce additional
power that drives overall cycle efficiency higher. As examples of efficiency improvements, the
GE 6FA Heavy Duty Gas Turbine increases from 35.3 percent in a simple cycle configuration to
55 percent in a combined cycle configuration.

Combined-Cycle Generating Unit

Bypass
Stack

[Optlonal) Stack

GCENERATOR

CONDENSER

Feedwater
Gaseous or

Liquid Fuel
—bl:( COMBUSTOR

T

COMPRESSOR GAS TURBINE

COOLING
TOWER

GENERATOR
Alr

Figure 3-2. Sample Combined Cycle Configuration.

" www.eere.energy.govi/tribalenergy/quide/biomass_biopower.html
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3.1.4 Combined Heat and Power

The above configurations and associated example performance parameters assumed that the only
output was electrical energy. With modifications, the combined cycle can be used to provide
process heat or steam in addition to electricity. This type of configuration, shown in Figure 3-3,
is called a Combined Heat and Power (CHP) or cogeneration configuration. Cogeneration
references the generation of both heat and electrical energy from a single fuel source. As shown
in Figure 3-3, the fuel source remains natural gas and the power generation technology that
directly uses this fuel (the prime mover) is the gas turbine.

Gaseous or Liquid Fuel

l Gas Turbine

D @ Electricity
—

Med/High Pressure Steam to Process
(Simple Cycle with Heat Recovery)

i@ Electricity
/
Steam Turbine

(Combined Cycle) 1 Low Pressure Steam to Process or Condenser

HRSG

Figure 3-3. Sample Combined Heat and Power Configuration.

The process heat or steam is obtained by bleeding off partially expanded steam from the steam
turbine. The steam can be extracted at whatever pressure is required by the application/process
that will be utilizing the steam. Example uses for process steam include heating water or air for
residential or industrial heating or cooling, heating air for use in industrial drying, or utilizing the
steam directly in a specific industrial process. Because energy can be extracted from the process
as both electricity, via the gas turbine and the steam turbine, and heat via the exhaust heat from
the gas turbine used to create steam, and/or using extracted steam for process heat, the result is a
significantly increased use of input energy as compared to the simple gas turbine or IC engine
cycles. Depending on the specific components in a CHP cycle, anywhere from 60 to 90 percent
of the energy input is output as thermal or electrical energy. This is a significant increase in
overall system efficiency as compared to simple power producing cycles where only 30 to

40 percent of the input energy is typically output as electrical energy and the rest is exhausted to
the environment.

Utilizing process steam for industrial heating or cooling warrants further discussion due to its
potential alignment with site industrial development. While the concept of using hot steam for a
heating application is straightforward, the use of heat as part of a cooling application requires
additional explanation. Cooling occurs through implementation of an absorption chiller into the

8 http://www.epa.gov/chp/documents/catalog_chptech gas_turbines.pdf

Mid-Columbia Clean Energy Feasibility Assessment
3-4


http://www.epa.gov/chp/documents/catalog_chptech_gas_turbines.pdf

DOE/RL-2011-117, Rev. 0

system. An absorption chiller utilizes the waste heat or process steam from either the gas turbine
or steam turbine to drive a refrigeration cycle. An absorption chiller usually contains two fluids,
typically water and lithium bromide. Waste heat or thermal energy from process steam is
applied to a high pressure vessel (typically referred to as a generator) that contains a mixture of
the water and lithium bromide. Adding heat causes the water to vaporize, resulting in a
separation of the mixture into water vapor and liquid lithium bromide.

Liquid lithium bromide passes through an expansion valve and is used later in the cycle. Water
vapor flows to a condenser where heat is removed, leaving high pressure water. Water pressure
reduction occurs by passing through an expansion valve into an evaporator, where it absorbs heat
from a separate water circuit. This heat exchange between absorption chiller water and the
external water creates chilled water for use in building cooling equipment. The absorption
chiller water once again vaporizes as part of the heat exchange. At this point the absorption
chiller vapor is re-mixed with the low pressure lithium bromide and sent to the generator, where
heat is applied and the cycle repeats itself. Note that in an absorption chiller, the waste heat or
process steam and the generator replace the function of a motor and compressor in a typical
vapor refrigeration cycle. The use of a combined cycle for power generation, heating, and
cooling is referred to as tri-generation and can be a very effective means of energy utilization.

3.1.5 Steam Turbine

CHP architecture can be customized to meet site-specific needs. In addition to choices in the
prime mover, the choice of steam turbine can impact system performance. Two types of steam
turbines exist and the choice depends on whether the primary function of the system is to
generate power or provide process heat or steam. Steam turbines can be condensing or non-
condensing. A non-condensing steam turbine means that there is no liquid condensate in the
steam as it expands through the turbine. The steam leaves the turbine as 100 percent vapor. Ina
condensing turbine, the steam leaving the turbine will not be 100 percent vapor (typically

90 percent vapor, 10 percent liquid). If a system’s primary purpose is to provide process heat or
steam, a non-condensing steam turbine is the best choice because as it passes through the turbine,
whatever steam is needed for process is extracted, and the remaining steam is used to generate
power. In other words, the available steam for use in power generation is completely dependent
on how much steam is extracted for use in process applications.

No energy losses are incurred due to a post-turbine cooling and condensing process. If the
primary purpose is to generate maximum power, the system needs a means for recycling steam
after it has expanded through the turbine back to the HRSG so additional steam can be created.
Thus, the expanded steam is cooled, condensed, and pumped back to the HRSG (see Figure 3-3).
Energy losses are incurred in the condensing process; however, the system has the ability to
generate a controlled quantity of power independent of any process steam needs because a
known quantity of condensate and make-up water can be pumped back to the HRSG; therefore, a
known quantity of steam and power can be generated. With the choices in prime mover and their
scalability, many output power capacity options, steam turbine options, and the ability to satisfy
base and peak power demands, implementation of CHP architecture in the Mid-Columbia region
could support many land development options in an energy efficient fashion.
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3.1.6 Natural Gas Integration with Renewable Energy
Sources

When considering a combined cycle architecture (for power only or CHP), it is possible to
integrate clean energy sources into the cycle. Renewable energy options that could be integrated
into a combined cycle include concentrated solar thermal (CST),® photovoltaic (PV), biomass
combustion, or wind. A sample combined cycle is shown in Figure 3-4, with the clean energy
source being represented by the solar field.

Thermal energy generation from renewable sources, such as CST or biomass combustion, is
integrated into a combined cycle power plant via a HRSG and the heat is used to create
additional steam input to the bottoming cycle steam turbine. Electrical power integration from
PV or wind can be integrated at the switchyard for transmission, at the switchyard to reduce the
net parasitic load of the facility, or the gas turbine of the combined cycle power plant can serve
as the spinning reserve or non-spinning reserve to firm wind and PV for dispatchability and grid

integration.
Fusal | I Steamn Turbine i

Reheater

Waste Heat
Recovery System

Superheater «

Steam Generator Proheater

Solar Field

a0

Condenser

Stearn
Generator

Low Pressure
Preheater

Expansion Vesss|

Deaerator

.

l

i

1 o
./

Figure 3-4. Sample Integrated Solar Combined Cycle Configuration. *°

® CST refers to using concentrated solar radiation to create heat only, as in a rooftop hot water system or integrating
a parabolic trough section into the bottoming cycle of a combined cycle power plant. CSP refers to the generation of
electricity via concentrated solar radiation, typically via a HRSG to transfer heat from the thermal fluid to water to
create steam, followed by steam expansion in a Rankine-cycle power block.

19 Kelly, Hermann, and Hale, Optimization Studies for Integrated Solar Combined Cycle Systems, Proceedings of
Solar Forum 2001 Solar Energy: The Power to Choose, April 21-25, 2001, Washington, DC, Copyright © 2001 by
ASME.
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Because many renewable sources depend on environmental conditions (biomass being an
exception), integration with a gas turbine fueled by natural gas can be a way of supplementing
power generation output when environmental conditions are unfavorable or as a means for
providing additional power in times of peak demand. The short startup times of gas turbines
make natural gas an excellent option for providing supplemental power during marginal
environmental conditions (cloudy day, no wind) or during nighttime operation when considering
solar energy. In addition to providing a means for generating power, natural gas can be used to
improve steam conditions to optimize steam turbine performance. Natural gas could be burned
to provide preheat (adding additional heat to the steam after it exits the boiler or HRSG) to the
steam prior to it entering the steam turbine inlet.

Increasing the temperature of the steam prior to turbine inlet increases the overall efficiency of
the steam (Rankine) cycle by increasing the energy output of the turbine. It also increases the
steam quality (increased vapor content of the steam), which helps alleviate turbine blade
degradation due to moisture (as opposed to vapor) impingement on the blades. Typical turbine
steam inlet conditions for turbines utilized in a combined cycle power plant are 2,000 psi and
1,000°F. If environmental conditions result in steam generation at something less than these
conditions, natural gas can be the energy source that brings the steam up to the desired pressure
and temperature. The Solar Energy Generating Stations in the Mojave Desert in California use
natural gas to compensate for environmental conditions and improve steam conditions.

Many factors that must be examined when considering integrating clean energy sources with
conventional power generation methods. Some of these factors include the availability of fuel
(solar intensity, wind conditions, availability of biomass feedstock), the pricing structure paid for
power generation, the market for renewable energy credits (REC), and the levelized cost of
electricity associated with each power generation architecture. Of these items, the levelized cost
of electricity is the only item that is driven by the architecture choice. Undoubtedly, the cost of
any clean energy option will be more than a conventional natural gas approach. Based on the
EIA study referenced above, total system levelized costs (2009 $/MWh) for various architectures
are: CSP - $311.8; PV - $210.7; Wind - $97; Biomass - $112.5, and Natural Gas Combined
Cycle - $66.1. As expected, standalone clean energy options are significantly more costly than a
conventional natural gas-fired combined cycle.

As a result of this cost difference, when a combined cycle that includes a renewable source is
under evaluation, it may be beneficial to size the conventional power generation approach to
meet primary power needs and the renewable source as a means for supplying extra power back
to the grid or for meeting peak electricity needs (e.g., additional demand generated on a hot
sunny day could be met with power generation from solar thermal or PV sources). The capital
cost is cut by sharing components such as the power block and the switchyard, decreasing the
levelized cost of energy (LCOE) for those components. An evaluation of all capital costs,
payback periods, and marketplace information that includes power purchase pricing and REC
market pricing must be completed before committing to a particular clean energy approach.

Considerable experience exists in completing detailed feasibility analyses that take the
parameters described above into consideration. As an example, Lockheed Martin evaluated a
power plant concept design that included both concentrated solar and biomass combustion
components. As a result of marginal solar density in the geographic region under consideration
and the power payment structure that was proposed by the utility, it was determined that the
majority of power generation would need to be produced with the biomass combustor. The
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ensuing fuel costs and fuel availability made this an unfeasible architecture under the power
pricing structure proposed. The number of parameters (environmental, technical, and economic)
makes such analyses challenging; however, they are required prior to finalizing any concept
design. The capability has been demonstrated to predict power generation capacities for
particular architectures and couple this information with detailed cost models in order to evaluate
potential plant design concepts. Such a feasibility assessment can be readily conducted if
additional investigation is desired.

3.1.7 Path Forward

As the need for power increases in the Pacific Northwest, a multitude of flexible, mature,
scalable, and affordable conventional natural gas fueled power generation options are available
that should be considered. Gas turbines can be utilized in a simple cycle to provide base load,
peak power, or with a steam turbine to improve input energy utilization and provide additional
power. IC engines offer the same capabilities as the gas turbine, but in smaller capacities.

The smaller capacity and modular form make them well suited to development plans that may
have peak power demands or a need for future growth capacity. If regional industrial
development comes to fruition, CHP options may be of significant interest because it can support
industrial heat and steam needs as well as support building heating and cooling needs.

3.2 CLEAN ENERGY TECHNOLOGIES

World electricity use is expected to double between
1990 and 2035, with an increase of about 65 percent
from 2009 to 2035 predicted by the EIA. In the :
United States, electrical use is predicted to grow B e = energy sources are

. ! p g considered: natural gas, straw biomass,
approximately one-half percent/year for the and municipal solid waste.

foreseeable future. e These three sources provide flexibility

Coal-fired power plants supply about 48 percent of the SRR R0n A Integrated
. . approach to economic viability.

United States power needs; however, the plants will
begin to go out of service essentially without e sotrceo can be used to

eginto g y produce combinations of end products
replacement over the next 10 to 50 years. Although including drop-in fuels, valuable
new capacity can be developed using abundant chemicals, and electric power.
domestic supplies of natural gas, growth in power
demand and loss of aging coal-fired and nuclear infrastructure will create a shortfall in capacity
in the United States with few other large alternative sources on the horizon. The Sixth Northwest
Conservation and Electric Power Plan notes that the electricity load is expected to grow in the
Pacific Northwest by approximately 1.4 percent/year between 2009 and 2030. This growth in
energy demand must be met by a combination of existing resources, more efficient use of
electricity, and new generation. Also, in the future, resource needs must consider capacity to
meet peak load and the flexibility to provide within-hour, load-following, and regulation
services.

Energy Sources
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The Sixth Northwest Conservation and Electric Power Plan notes that wind generation is the
leading resource in the near term to meet clean energy portfolio standards in the Pacific
Northwest; however, it also identifies that natural gas-fired plants, both combined-cycle turbines
and simple-cycle turbines are cost-effective options for additional energy, capacity, and
flexibility. The following sections evaluate clean energy technologies to meet emerging needs.

Figure 3-5 shows the scope of this report in terms of the applicability of clean energy pathways
in the Mid-Columbia Region.

3.2.1 Biomass Resources

Although many biomass resources are discussed, the Mid-Columbia region’s potential is
dominated by one resource, wheat straw. In 2007, the region grew over 7 % million tons of
wheat straw. This amount of wheat straw feedstock would be enough to manufacture over

300 Magal of liquid fuel, or approximately 1,600 MWs of electricity from a base load plant.

Of these two basic production processes, the economics are more favorable for making liquid
fuels than for generating electricity. The current price of natural gas makes it profitable to make
liquid fuels from natural gas and then to transition from gas to wheat straw as the straw process
infrastructure develops in the region.

A fundamental assumption has been made to evaluate regional biomass resources: Irrigated crop
land that can be used for food or pulpwood production would not be converted to biomass
production or would revert back to food production because the energy produced would not be as
valuable as food crops; therefore, the very rich irrigated land nearby is not considered a major
source of biomass for energy. This extends to corn waste, referred to as stover, because it is
useful as animal feed.

Figure 3-6 shows rail and road infrastructure, gas pipelines, rivers and other pertinent features of
the region, as well as estimated wheat straw production by county, with each bale representing
200 thousand tons of annual straw production. The stacks of straw are scaled according to the
size of the resource in each county and are located within the calculated trucking distance to the
Port of Benton in the Tri-Cities area. The Port of Benton was used as an example because of its
combination of transportation infrastructure, location within the region and potential for
development. This area is dominated by wheat straw resources. There is an extremely fertile
150 mile stretch of dry land farming between Spokane, Washington and Pendleton, Oregon
called the Palouse. Additional wheat producing districts are located in counties surrounding the
Tri-Cities area; these counties are abundant producers of wheat.

To estimate the straw production, figures were used for wheat production from the United States
Department of Agriculture, National Agricultural Statistics Service (NASS) 2007 Census of
Agriculture data. More recent data is available but it is not as complete as that from 2007.

The 2011 straw harvest was a particularly productive year and more land has been planted due to
the prevailing higher grain prices in comparison to that from 2007. A bushel of wheat is defined
as 60 pounds. The straw produced has been computed at a ratio of 1.67 Ib straw/Ib wheat, which
was established by the University of Kansas.

Mid-Columbia Clean Energy Feasibility Assessment
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Figure 3-6. Availability and Transportation of Biomass Resources in the Region.

The ratio of 1.67 Ib straw/lb wheat has been confirmed by a field study performed by WSU,
which came up with a value of 1.70 Ib straw/Ib wheat.***? A third confirmation was determined
by using information from the Whitman County Extension office. The straw yield in Whitman
County is between 3 and 4 tons/acre. Using a straw to wheat ratio of 1.67, the 2007 NASS data
for Whitman County computed to 3.35 tons/acre in the middle of the range given.

There are about 7% million tons/year of wheat straw available at projected costs between

$65 and $100/ton delivered to the Port of Benton by truck. Figure 3-7 shows the availability of
biomass wheat straw by county in the region versus cost of delivery. Favorable economics for
use of the biomass wheat straw are noted by the area in the lower left-hand quadrant of the figure
which includes the counties closest to the Port. The horizontal line (approximately

575,000 tons/year) is the amount of straw needed to support a demonstration plant of

22 Mgallyear, a solid fuel boiler of 75 MW, or a simple cycle plant using straw derived

methane.

1 \Wheat Straw, SunGrant Bioweb, www.bioweb.sungrant.org, 2011.

12 Edwin Donaldson, William Schillinger, and Steve Dofing, Straw Production and Grain Yield Relationships in
Winter Wheat, Pacific Northwest Conservation Tillage Handbook, 2000, wsu.edu, Chapter 3.
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Figure 3-7. Biomass Availability and Cost.

A combined cycle plant of 75 MW using straw derived biogas would take approximately
two-thirds of that amount of straw. The vertical line is the current British thermal unit (Btu)
equivalent cost of natural gas. In summary, straw supplied from counties closest to the Port of
Benton would be less expensive than natural gas if used in a boiler. Although this serves as a
common basis for demonstration plants, the area is not limited to 575,000 tons/year. In the
counties to the left of the line there is approximately 1,200,000 tons/year available.

The $65/ton figure is calculated for wheat lands closer to the Port of Benton and includes a
$5/ton fee for farmers. Farmers prefer to burn the fields to make room for the next planting, but
often cannot because of air pollution and fire regulations. A full explanation of the delivered
cost of wheat straw is provided in Section 3.2.2.

The 7% million tons of available straw could become more than:

e 1,000 MW converted in boilers to electricity in a base load plant, or;

e 300 Mgal of diesel equivalent, or;

¢ 1,600 MW if fermented to methane and processed through a combined cycle power plant.
For perspective, the state of Washington uses about 3,200 Mgal™® of fuel a year and Navy ships
use around 1,600 Mgal/year. Crude oil at $85/barrel is the equivalent of straw at $181/ton on a
Btu lower heating value basis. It is not feasible to gather all the available straw and it will take
time to build the supply chain of balers and truckers. The price if more distant straw might
benefit from rail transport is discussed in Section 3.2.2.

13 Motor Fuel Use, 1999.
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3.2.1.1 Barley Straw

Barley is sometimes planted on the same land used for wheat. The barley production in the same
counties for the same year was about 8.3 percent of the wheat production and the acreage
harvested was about 8.4 percent of the wheat acreage. This data is supportive but not decisive in
deciding to build a plant.

3.2.1.2 Alfalfa Straw

The Walla Walla valley is so well adapted for alfalfa that North American alfalfa seed
production is centered there. The plants are allowed to dry out before harvest so they are not
suitable for animal feed. There is about 25,000 tons/year of alfalfa straw available at a cost of
approximately $65/ton in bales. Notice that although this is a significant amount of material, it is
less than one-eighth of the wheat straw from Walla Walla County.

Other straws are insignificant except grass seed straw and corn stover. Grass seed straw is
exported for animal bedding and feed in Asia and corn stover is fed to cattle; both resources are
ruled out by the main assumption stated above.

Weeds and brush are often removed for fire prevention. These materials are difficult to bale for
transportation and the yield per acre is very small. The supplier of these materials would
probably not be able to pay for the expense of brush removal considering the price offered for
biomass, but it would help.

3.2.1.3 Green Waste

Economically viable biomass products are discussed in the following sections. Other biomass
resources include carrot tops, potato tops, surplus, and damaged crops; however, the quantity of
these resources were found to be insignificant.

3.2.1.4 Woody Biomass

Woody biomass is not expected to be readily available in the Mid-Columbia region and therefore
is not considered to be a significant feedstock for a biomass to energy plant. Fuel can be derived
from wood gathered and preprocessed in the woods from thinning or logging slash or burnt
wood; however, there are currently insufficient amounts of wood being removed from regional
forests to economically justify a large biomass plant. Also, in the Pacific Northwest, the woods
are almost predominantly softwood.

The main landowners are the U.S. Forest Service, Washington Department of Natural Resources,
and the Indian Nations. Yakama Nation currently sells their biomass to the Boise Cascade Pulp
Mill in Wallula, Washington. If woody biomass were available, it would be more economical to
build power plants near the feedstock resource. Wood from saw mills and other processing
plants is not given consideration because it is already consumed by existing power plants.

3.2.1.5 Poplar Plantations

Poplar plantations require irrigation or a high water table. This resource could provide the wood
needed for a few megawatts (insignificant amount) of power generation at prices below straw.
Poplar plantations have been established within 50 miles of the Port of Benton for pulp wood and
ethanol. If, in the future the wood is not used for those purposes, it could become available to
another clean energy facility.
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3.2.1.6 Trees Needing No Irrigation

The MegaFlora™ tree is a mixed genetic entity with cells containing the genetics of both black
locust and Paulownia trees in its stem; the Paulownia trees grow in Richland. Black locust trees
have survived without water since 1943 in the area. Black locust produces its own nitrogen
fertilizer from root nodules and can tap deep water tables.

Extraordinary productivities reaching 33 Oven Dry (OD) tons/acre/year have been suggested for
this tree, but it has not been studied in Central Washington. Assuming normal growth, the area
needed to produce 10 MW or 3 Mgal/year of liquid fuels would only be 1.6 square miles. This is
indicated by the smallest green squares on the maps. WSU is agreeable to planting and studying
test plots of unirrigated trees on or near their Tri-Cities campus. A suitable research grant would
need to be proposed, vetted, and approved.

3.2.1.7 Fruit Prunings and Grape Pomace

These materials have not been given consideration as the basis of a biomass-to-energy plant
because they yield a relatively minor amount of energy — roughly 1 MW of equivalent power.
Prunings produce a lot of organic nitrogen that easily become nitrogen oxide (NOx) emissions in
combustion, but would be helpful as a nitrogen source in the fermentation to methane process.

3.2.1.8 Red Liquor

The two sulfite pulp mills in Washington State produce large quantities of red liquor. Red liquor
is a dissolved woody biomass from which cellulose has been extracted. Sulfite mills do not have
the foul odor of pulp mills. Each mill produces about 600 OD tons of liquor/day which is
concentrated to 50 percent solids. Their liquors can be readily fermented to ethanol or other
substances. Red liquor would make a good fertilizer for wheat land because it contains
ammonia, sulfur, and soil stabilizing lignin. The pulp mills would like to eventually abandon
their red liquor recovery boiler and find a use for the liquor. The mills value the liquor at
$100/dry ton for its heat and sulfur content. The ammonia content is destroyed in the boiler.

3.2.2 Transportation Systems
3.2.2.1 Trucking

Trucking is the current method for transporting baled straw, hay, and all other biomass in this
area. Straw is the predominant source of biomass and baling of straw is the only method of
preparation for shipment in current practice. The discussion of the biomass costs centers around
the trucking of baled straw. Other transport possibilities will be discussed later.

The following economic information was provided by wheat farmers in the Palouse area who
contract to harvest, bale, and truck straw and hay for other farmers.

Mid-Columbia Clean Energy Feasibility Assessment
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An allowance of $5/ton* to the farmer and $10/ton for unloading and stacking the trucks should
be added to the $50.11 straw cost calculated in Table 3-1, which results in a total of 65.11/ton
straw delivered and stored. The 42 miles is an estimate of the truck distance from the straw
source to a hypothetical plant near the Port of Benton.

Straw may be purchased at the farm site or on a delivered basis. An assumption can be made
that the straw will be procured on a delivered basis. This eliminates the need for the plant owner
to manage the harvesting and transportation. It also means a bonus of $12/ton for straw suppliers
in Benton and Franklin counties. If straw is bought on the basis of delivered and stacked at the
central processing site near Port of Benton, a judgment has been made that sufficient raw
material will be available to feed a demonstration plant if the feedstock was offered at $73/ton.
This will ensure that straw from Benton and Franklin counties, in addition to closer areas in
Walla Walla and Umatilla counties will provide a sufficient amount to supply 550,000 tons/year.
At this time, the cost of natural gas on an equivalent Btu basis is $75/ton; so the economics are
favorable for the transportation and use of wheat straw over short distances.

It will take some time for the farmers and their contractors to develop the necessary logistics and
infrastructure. This would include the purchase of more trucks and balers and the employment
of more people. It is also important that natural gas be available to operate the plant in case of
any raw material shortfalls.

There are several ways to lower the cost of straw collection:

e Receive state or county permission for wider and taller loads
e Use double trailers rather than single flat trailer
e Convert the trucks to dual fuel natural gas and diese

3.2.2.2 Rail

The richer wheat lands of the Palouse, particularly Whitman County, are over 100 miles by road
from the Port of Benton. Figure 3-6 shows the rail infrastructure of the more distant wheat lands.
The Palouse is well served by rail.*® The Port of Benton also has a well developed rail system.

|.15

Using current railroad technology to move straw over the distance from the Palouse area to the
Port of Benton would be too expensive to play a part in a workable value proposition. Using
common box cars or flat cars to carry low-density loads over relatively short (by railroad
standards) distances of 100 to 200 miles would produce costs as high or higher than long-range
trucking, making electricity or fuels produced more expensive than expected market prices.

The Tri-City and Olympia Railroad Company, which operates freight rail in the Tri-Cities area,
has investigated existing technologies that would potentially lower the cost of straw
transportation and allow biomass processing operations to take full advantage of available
resources in the region. Several potential paths are available in intermodal and light weight
railcar technology that would allow operations a greatly reduced cost per ton delivered.

!4 Daniel O’Brien and Ron Madl, What to Consider with Cellulosic Biomass Harvest, 2009 Kansas Wheat District
Seminar presentation.

15 Federal Tax Credits for Vehicles, CNG Fueling Infrastructure and CNG Fuel, www.firmgreen.com, 2005.

18 Washington State Department of Transportation, 2010 Washington State Rail System, rail.wsdot.wa.gov.
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Table 3-1. Straw Values by County.

Wheat Straw Production |
Source of Data USDA National Agricultural Statistics Service 2007
Straw Yield Ib/Ib grain 1.67
County text Benton Franklin | Walla Walla | Columbia Yakima | Umatilla Or Grant Adams Morrow Or |  Garfield Whitman Douglas Lincoln Nez Perce Latah Spokane
Acres Harvested acres/yr 94,268 76,863 190,973 77,970 20,427 303,203 145,979 262,101 170,060 68,447 457,973 157,898 313441 106,270 91,834 140,746
Bushels Harvested bu/yr 4,512,161 4,584,764 | 12,661,018 5,095,533 1,519,644 | 16,284,987 | 10,295,197 | 12,765,373 6,449,631 3,482,031 | 30,592,763 6,760,910 | 16,754,595 0,581,267 6,279,048 8,115,549
tons/yr 135,365 137,543 379,831 152,866 45,589 488,550 308,856 382,961 193,489 104,461 917,783 202,827 502,638 197,438 188,371 243,466
Straw tons/yr 226,059 229,697 634,317 255,286 76,134 815,878 515,789 639,545 323,127 174,450 1,532,697 338,722 839,405 329,721 314,580 406,589
(Whitman Co. Extension said to expect tons/acre 240 2.9 332 327 3.73 2.69 3.53 2.4 1.90 255 3.35 2.15 2.68 310 3.43 2.89
between 3 & 4 tons/acre)
Costs
Remuneration for Farmer $/ton 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Swathing $/acre 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
$/ton 417 3.35 3.01 3.05 2.68 37 2.83 4.10 5.26 3.92 2.99 4.00 373 322 2.92 3.46
Baling $/bale 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00
$/ton 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00
Stacking $/bale 2.00 2,00 2.00 2.00 2,00 2.00 2.00 2,00 2.00 2.00 2.00 2.00 2.00 2,00 2.00 2.00
$/ton 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Unloading & Stacking at Hanford $/bale 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
$/ton 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Truck Load bales 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48 48
tons 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20 19.20
Average Distance to Hanford miles 42 51 ki 80 81 85 97 93 106 117 144 140 147 159 173 191
Cost for Truck, Trailer & Driver $/loaded mile 5.00 5.00 5.00 5.00 5.00 3.00 5.00 5 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
$/load 210 255 3935 399 403.5 4235 485 465 530 585 720 700 735 795 805 933
$/ton 10.94 13.28 20.49 20.78 21.12 22.06 2526 47 27.60 30.47 37.50 36.46 38.28 4141 45.05 49.74
$/ton/mile 026
Total Cost Delivered at Hanford $/ton 63.11 66.63 73.51 73.84 73.80 75.71 78.09 78.32 82.87 84.39 90.49 91.12 92.02 94.63 97.97 103.20
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One concept, called Roadrailer, uses road-going truck trailers equipped to mount railroad wheels,
and can be switched rapidly from road to rail without the use of flat cars or cranes. Loaded cars
could be driven by road to loading points and mounted onto road wheels by driving the trailers
over track areas paved to match rail height. Cars are then raised to match steel wheel height, the
rail wheels are rapidly attached, and the load is hauled away. The process can be reversed at the
destination with minimal handling or difficulty. Roadrailer cars are extremely light in
comparison to conventional railcars, and would allow very long unit trains, possibly as long as
200 cars, to be operated economically.

Although analysis is still ongoing, it is probable that rail transportation using advanced
technologies such as Roadrailer over distances of 100 to 200 miles could match or provide better
delivery costs of truck transportation, even over its shorter optimum distances, making growth of
a biomass-based industry to its full potential in the region practical. Figure 3-8 shows the
Roadrailer wheel system technology.

The cost of rail could be reduced by the following developments:

Hydraulic compaction at the rail sidings

Curtained rather than solid side wall container design

A tarped train car-sized pallet system rather than a container
Conversion of locomotives to compressed or liquefied natural gas.

‘ : | ;: ) -3 ) W
TCSZ | | ; L g l |
464181 | ‘ 3l ‘ 1

Figure 3-8. Roadrailer Wheel System.
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3.2.2.3 Barge

A barge dock exists at the Port of Benton in Richland. There are 28 grain elevators with barge
loading facilities from The Dalles, Oregon to Lewiston, ldaho, but the grain terminal at Almota,
Washington and the container dock at the Port of Lewiston are best suited to tapping the Latah
and Nez Perce counties in Idaho and Whitman County in Washington. The low density of straw
however, limits loads to 1,540 tons rather than the 3,000 ton weight limit of the barge. If it were
compacted at the Port of Lewiston to twice the ordinary bulk density of a bale and put into
containers, straw from Whitman County would be only $65/ton delivered and stacked. This is
comparable to straw from Benton County. Straw compactors are used for rye grass straw
exported to Asia. The Tidewater Barge Company noted that MSW from Clark County in
Washington is compacted into containers and sent by barge up the Columbia River to an Oregon
landfill using the Boardman dock. Tidewater Barge recommended using rail for product
transportation until such time as economics are favorable to maintain dedicated barges of
42,000 tons busy.

The cost for a barge between any ports on the upper Columbia or Snake rivers is $20,000/round
trip for 1,500 tons of dry straw bales, or 3,000 tons of bales compacted into containers. This
mode of transportation needs to be developed and tested before being relied upon to build a
plant.

3.2.3 Biogas

Purified biogas may be injected at one point on a natural gas pipeline and an equivalent amount
of energy removed at another. A dedicated clean energy pipeline can carry syngas or biogas.
Pipeline is the least expensive way of delivering fuel. A regional company currently pays the
transportation price of $0.40/MM Btu, which is equivalent to straw transported for $2.50/ton.
Biomass fermentation plants located nearer the sources of straw possessing water resources and
on a natural gas pipeline such as Lewiston, Walla Walla, and Moses Lake would make economic
sense. During winter and spring, water may be available from the Palouse River at Colfax and
the Umatilla River at Pendleton. This would lower the cost of some straw to well below $65/ton.
The technology for gas purification and compression is well known. Investigating the feasibility
of remote generation of biogas is worth further consideration.

3.2.3.1 Off-Road Vehicles from Adjacent Plantations

If the source of biomass is close and can avoid being carried along public highways, the cost of
transportation can be very low and the need for baling (or grinding in the case of wood)
eliminated. There are other methods of preparing fuel before shipment to reduce bulk density,
moisture, or spoilage.

3.2.3.2 Solar Drying

A solar dried pile occurs naturally with straw, so this discussion concerns woody biomass.

Dry woody biomass does not degrade and is not prone to spontaneous combustion as is undried
biomass. These characteristics require biomass to be spread in layers less than 1-inch thick
during the dry season. The pile is gradually built up over the season and is tarped until use in the
wet season. This procedure is being investigated at a woody biomass plant but has not been
implemented.

Mid-Columbia Clean Energy Feasibility Assessment
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In the Mid-Columbia region the dry season never entirely ends, so covering the biomass with
tarps is not required. Woody biomass may be preserved in dried piles for the year. At rail
sidings near the forests east of the Cascade Mountain Range, this means of preserving woody
biomass is used until it is convenient to fill an entire train.

The cost for handling and spreading of woody biomass is about $10/ton with a capital cost of
about $500,000 per site excluding the value of land. The amount of land required is about
30 acres for 300,000 OD tons of woody biomass.

3.2.3.3 Pelletizing

Straw can be densified into pellets for shipment."” However, this densification process requires
large amounts of electricity and heat that is not available at farms. Straw still needs to be baled
and transported by truck to central locations and then pelletized for shipment by barge or rail.
Cursory analysis indicates that pelletizing will not offset shipping costs to justify the process.
A system that would pelletize straw as it was harvested would be more helpful, provided it did
not consume too much additional transportation fuel.

3.2.4 Aqueous Treatment for Densification

The bulk density of straw can be greatly reduced through chemical treatment. Straw can be
wilted by alkali, acid, or hot water and oxygen. These treatments also dissolve carbohydrates
into the water used to treat them.

Aqueous treatments require large amounts of water, tankage, and possibly heat normally not
available at farms; therefore, straw would still need to be baled and transported by truck to
central locations for processing; however, water is not available at all times of the year. Aqueous
pretreatments before shipment require about 1 ton of water/ton of biomass. This densification
does not increase the biomass shipping capabilities since the added weight of water offsets the
reduced bulk density of the straw.

3.2.5 Pyrolysis

Heat treatment of straw can reduce its mass and bulk for shipment. The available technologies
known are technically or economically not viable for the reasons given below:

e Low temperature syngas (methane rather than hydrogen) requires pipelines to carry gas.
Biomass pipeline infrastructure is not likely to be developed in the region.

e Pyrolysis Oil****? - Cannot be stored because it repolymerizes?* and is corrosive

17 Agri Pack Quotation provided to Michael Meredeith, Pellet Systems International, 2011.

8'N. Bech, P.A. Jensen, and K. Dam-Johansen, Ablative Flash Pyrolysis of Straw and Wood: Bench-Scale Results,
Technical University of Denmark, Department of Chemical Engineering, CHEC Research Centre, Lyngby,
Denmark.

19 Samy Sadaka and A. A. Boateng, Pyrolysis and Bio-Oil, Agriculture and Natural Resources, University of
Arkansas, Division of Agriculture.

0 Young-Kwon Park, Jonng-Ki Jeon, Seungdo Kim, and Joo-Sik Kim, Bio-Oil from Rice Straw by Pyrolysis Using
Fluidized Bed and Char Removal System, American Chemical Society, Division Fuel Chemical, 2004.

2L AV. Bridgewater and G.V.C. Peacocke, Fast Pyrolysis Processes for Biomass, Renewable & Sustainable Energy
Reviews, Bio-Energy Research Group, Aston University, Birmingham, UK, 2000.
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e Charcoal — Catches fire spontaneously (pyrophoric)
e Torrefication (toasting) of material — Requires a plant and a pelletizing mill.

Pyrolysis oil, charcoal, and torrefied material also cannot be fermented and are harder to gasify
than plain straw.

3.2.6 Making Liquid Fuels via Syngas

Conversion of Energy Sources to Products

e Straw biomass or natural gas can be
profitably converted to jet fuel — dual
feedstock provides a hedge against natural
gas process variations and biomass supply
variations.

A plant that makes liquids from gas is called a gas-
to-liquid (GTL)? plant. The focus will be on naval
and jet fuels®® primarily because the DOD is
supporting efforts to create green fuels and fuels
independent from petroleum. Currently only the

Fischer-Tropsch process is suitable for making naval || ¢ Straw biomass can be profitably converted

and jet fuels. The Fischer Tropsch process makes a
broad distribution of linear hydrocarbon molecules

to high value chemicals.

Natural gas, straw biomass, or municipal
solid waste can be converted to electrical

from a mixture of carbon monoxide and hydrogen

. power.
called syngas. The major process steps are:

e Multiple conversion process plants can
share infrastructure at the site to reduce

e Generation of syngas
y g COsSts.

e Water-gas shift to make more hydrogen if
needed

e Fischer Tropsch (catalytic synthesis)

¢ Distillation into products, heavies and lights

e Hydrocracking of heavies which consumes hydrogen
e Hydrotreating of lights which consumes hydrogen.

There are three possible feedstocks for making syngas: natural gas, biogas, and straw. These
may be mixed to produce ideal ratios of hydrogen and carbon monoxide. Natural gas is almost
pure methane. Syngas can be made from natural gas through reaction with oxygen in a process
called auto-reforming. This produces a gas with 2% moles of hydrogen per mole of carbon
monoxide:

4CHj4 + O, + 2H,0 — 4CO + 10H,.

The Fischer Tropsch reaction, however, takes about two parts hydrogen to one part carbon
monoxide by the reaction:

CO + 2H;, — (CH>) + H,0.

%2 Gas to Liquids, Chemlink, Australasia publications, www.chemlink.com.
% Detail Specification, Fuel, Naval Distillate, Department of Defense, 2006.
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Syngas from natural gas has an excess of hydrogen. Syngas in a one-to-one ratio of hydrogen to
carbon monoxide may be made by auto-reforming biogas which contains methane and carbon
dioxide by the reaction:

2CH4 + O, + CO; — 3CO + 3H;, + HL0.

A process that derives 25 percent of its methane from biogas and the rest from natural gas will
have the ideal 2:1 ratio of hydrogen to carbon monoxide and not require the water gas shift step.
There is an option of reforming methane indirectly, in which fuel burning in air transmits its heat
through a heat exchanger to the methane. This would allow a greater proportion of biogas to be
used as that fuel and would avoid the need to make oxygen.

The third method to produce syngas is the gasification of cellulosic biomass such as straw by the
reaction:

(CH,0) — CO + H,.

This reaction has the 1:1 ratio of hydrogen to carbon monoxide. Straw gasifies very quickly.
One can observe the gas as the flames that burst from a bundle of straw thrust into a fire. The
gasification is self-sustaining via heat from the combustion of its own gas in air.

3.2.6.1 Capital Costs for a Gas-to-Liquid Plant

Three reference points provided by Jacobs Engineering were used for estimating the capital costs
of a GTL plant:

e Jacobs London office recently performed a study for a European client and concluded that a
natural GTL fuels plant costs about $400 million for a 2,100 barrel/day capacity.

e TRI Incorporated estimates that their process for woody biomass to Fischer-Tropsch fuels
would cost $300 million for a plant that consumes 1,000 OD tons/day of woody biomass
which would yield 1,400 barrels/day.

e Rentech estimates it will cost $600 million for a 2,000 barrel/day plant based on their plans
to build a plant at Sault St. Marie, Ontario, Canada.

NOTE: These prices are all indicative. The capital cost includes the installed process through
liquid fuels but does not include site development, transportation systems, and owner’s costs. All
three sources agree that the plant capital may be scaled by the 0.6 exponent.

TRI Incorporated and Rentech agree on a yield of 1.35 barrels/ton of woody biomass, which
translates to 0.96 barrels/ton of straw or retention of 47 percent of the lower heating value of the
original material. The plants generate their own electricity from steam turbines and are able to
produce about 25 MW when the rest of the plant is not producing liquid fuels.

A demonstration plant has been examined that would be capable of producing 1,446 barrels/day,
which is equivalent to the natural gas needed to produce 75 MW of power at 31 percent
efficiency. Scaling all three projects to the same size results in the following capital costs:

e TRl Incorporated  $313 million
e Jacobs London $320 million
e Rentech $494 million
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Until additional engineering studies are performed, including site-specific vendor proposals, it is
not possible to determine which number is the more accurate. The average value of the high and
the low ($403 million) will be used for the capital costs and economic comparisons with an
accuracy of £35 percent.

The current cost of jet fuel and other similar fuels is approximately $3/gallon?*#227282 bt jn

the last 5 years it has been very volatile from $1 to $4/gallon as can be seen from the U.S.
Energy Information Administration’s chart (Figure 3-9).

Daily U.S. Gulf Coast Kerosene-Type Jet Fuel Spot Price FOB
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Figure 3-9. U.S. Gulf Coast Kerosene-Type Jet Fuel Spot Price FOB ($ per gal).

Military fuels have exhibited similar cost trends.*® Operating 340 days/year, the value of the
products would be $67 million/year at $3/gallon. The cost of straw to feed the plant would be
$40 million/year. Natural GTL plants are reported to be more efficient (53 percent versus

47 percent) than biomass.***23334% This may be because they have been built at a much larger
scale. If so, an operation with natural gas may cost 25 percent less or only $30 million/year.

It can be assumed that the plant will employ 100 people at an average rate of $100,000/year for

24 Jet Fuel Monthly Price — US Dollars per Gallon, U.S. Energy Information Administration, www.eia.gov, 2011.
% Bloomberg New York Harbor 54-Grade Jet Fuel Spot Market Price Prompt, www.bloomberg.com, 2011.

%6 US Gulf Coast Kerosene-Type Jet Fuel Spot Price Chart and Data, www.ycharts.com, 2011.

27 Jet Fuel Price Monitor, IATA Economics, www.iata.org, 2011.

%8 US Gulf Coast Kerosene-Type Jet Fuel Spot Price FOB (Dollars per Gallon), U.S. Energy Information
Administration, www.eia.gov, 2011.

2 petroleum & Other Liquids, Spot Prices for Crude Oil and Petroleum Products, U.S. Energy Information
Administration, www.eia.gov, 2011.

% DOD Fuel Costs vs. Commercial and Crude Oil Price and DOD Fuels Costs vs. Crude Oil Costs, Department of
Defense Fuel Spending, Supply, Acquisition, and Policy, Congressional Research Service.

¥ Dominik Unruh, Kyra Pabst, and Georg Schaub, “Fischer-Tropsch Synfuels from Biomass: Maximizing Carbon
Efficiency and Hydrocarbon Yield,” American Chemical Society Publications, 2010.

% K. J. Ptasinski, T. Loonen, M. J., Prins, and F. J. J. G. Janssen, Energy Analysis of a Production Process of
Fischer-Tropsch Fuels from Biomass, University of Eindhoven, Department of Chemical Engineering, Netherlands.
% Products from Syngas — Fischer-Tropsch Synthesis Products, SunGrant Bioweb, www.bioweb.sungrant.org.

¥ Anthony Andrews and Jeffrey Logan, Fischer-Tropsch Fuels from Coals, Natural Gas, and Biomass: Background
and Policy, CRS Report for Congress, Congressional Research Service, 2008.

% 2" Generation Biomass Conversion Efficiency, McGill University, Montreal, Quebec, and IATA.
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wages and benefits. The payback with current prices would be greater than 10 years.
The financial viability would be improved if there is a reliable premium attached to the fuel for:

Carbon neutral benefits

Non-petroleum feedstock

Regional employment and improved income to agricultural community
Ultra low-sulfur content

No potential disruptions of maritime commerce

Retention of investment and capital in the United States.

This is an active area of R&D and improved economics at this scale will occur.

Figures 3-10 through 3-12 show comparisons of input cost and output values for standard
biomass and electricity plants, the biogas-to-liquids demonstration plant, and the biogas-to-
liquids full size plant.
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